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Since the ordimary methods for the prepa-
ration of a-diketones are rather long and rarely
yield a high percentage of product, the attempt was
made to perfect some short, simple, direct method
whereby the straight and mixed a-diketones could be
prépared.

Brigel (l), many years ago, saw a paasi-
bility of eon&ensing two molecules of acid halido
by means of metallic aodium, to give an a-diketone
and sodium chloride, bromide or iodide. He attempt-
ed to do this and found dry ether to be very cssantial
to the reaetinn. On account of the limitaa knowladgo
of his time he was mistaken in the identity of his
produef. He obtained a white, almost eoiorlésé,L¥
compound, crystallizing in needles and melting at
156° C. (2). He called this compound benzil, think-
ing it to have the structure: o

OSHSGGCOCGﬁs

1. Brigel -- Ann. Ghemec—dhess. 135, 178 (1561
2. B. 24, 1264

_."15;'1{["3



but when Klinger (1) checked his results he found
Brigel's so-called benzil to be isobenzil, a com~

pound having the strusture:-~

CgHgC(0.COCHS) (0. coc5 5) Cellg

which is a polymeride of benzil since when saponi-
fied with caustic potash it is resolved into benzoic
acid and benzoin (2). Klinger, in determining the
structure of isobenzil found the ordinary benzil
and benzoin formed in relatively considerable
quanﬁity”(35.

,» | kliﬁger'and Shinitz (4) then conducted an
investigation of the compounds dibutyryl and di-
vaiengi’éccordiﬁg to the methods of Bruhl (5),
Freund (6) and Munchmeyer (7). They found them to
be doubied'up in the same manner as isobenzil and
dnrdné their investigation they isolated very little

of the ordinary corresponding a-diketones.

u{{‘u )
l. Klinger -- B. 186, 994 B. 24, 1271
2. B. 16, 994 3
4. Klinger and Shinitz -- B. 24, 18271 (8%
50 Bml - Bt 12‘ 153 8719) ‘
6., Freund -- Ann. Chem. FPhairm. 118 (1861),‘, R
7. ¥unohmeyer -- B. 19, 153; B. 14, 1846; B, 84 1276
, ﬁ§£a> (1891) ﬁ8?f>



Viotor kcyer'a (1) work on the a-diketones
was correlated with that of Klinger and Standke (2).

Yields of diketone obtained dy all of these
investigators were poor and the products obtained
wére very difficult to analyze since they would not
be distilled and on zccount of their affinity for
ether, were crystallized only with the greatest
difficulty.

Dean and Berchet (3) investigated the
action of metallic sodium on organic halides in
liquid ammonia. Benzoyl chloride reacts immediate-
1y with the liquid ammonia to give benzamide.

On account of the scaroity and high oost
of metallic sodium, 1% was thought that zine dust
might be substituted for it. V. Yovorski (4)
fcllowing the methods of Klinger (8), sudbssituted
zino in the form of dust for metallic sodium. He
employed diethyl ether as a solvent., His product,
& thlck yellow 0il which could.not be distilled or
orystallized, he designated as bensil.

1. Myer, V. -- B, 21, 809 (1888) An Merk. .

2. Klinger and Standke -- B. 24, 1264 (87!}
5-‘30“ and Berchet «=- 3! A 0- 8. 62; 3823 ‘1930%
5. Klinger -~ B, 16, 994 f78933



Jomes F, Norris and D. R. Franklin (1)
investigated the action of zine on benzoyl chloride
on account of its analogy to triphenylchlormethane.
They could not isolate benzil. Zincke (2) obtained
the same result., Ethyl scetate was employed ;natq&d
of ¢ther as the solvent and this accounts for some of
the reaction products obtained.

K. D. V. Tistchenko (3) obtained remarkable
results by forming e Griguard reagent from some acid
halide, dissolving magnesium in the ethereal selution
of the halide, and then adding a quantitative amoumt
of the ascid halide whose carbon chain wag desired on
one end of the molecule, splitiing out magnesium
halide and drawing the two neuclei together tq%g;yp<
the corresponding a-diketone. He farmed and isclated
the o?sano-magnesiua compound. By addition of a free
halogen or an a¢id halide he obtained in a fair yleld
some a-diketones.

, The organo-magnesium compound was obtained by
forming a Grignard (4) reagent from an alkyl halide .

l. Forris & Franklin ~- Am. Chem. Jour. 2@, 141 (1903)

2, Zincke -~ Bull, Soc. Chimie, 19, 516

3. Tistchenko, ¥.D.V. -- Bull, Soa. Chimie, zv 623~
37 (1928) :

4., J. Russ. Phys, Chem. 3o0¢c. 46, 1319-32 (1914)



and then passing in dry carbon monoxide. By sé@d-
ing the free halogen or an acid halide to this the
a-diketones were obtaimed.

V. Egovova (1) passed carbon monoxide into
the magnesium derivative of trimethylchlormethane
and by oxidation of the product with potassium per~
manganate obtained éxi&iﬁdd‘iinaoéne. a diketone.

61111land and Blanchard (2) studied the
‘aetion of carbon monoxide on Grignard reagents and
only obtained results in the cold when using nickel
sarbonyl as a catalyst, When using phenyl magresiuam
bromide as the grignard and foreing in carbon mon=
oxide wiﬁh’sméll amounts of hiekel’barb&nyl‘%hi&
obtained the following prbducts: Triphenyl methane,
triphenyl vingl aleohol, pentaphenyl ethyl, and tetra
phenyl ethylene. Contrary to what is expeoted, mno
benzoin derivatives were formed.

Through the agency of chromic chloride Job
and Cassal (3) caused earbon monoxide to mast with
phenyl magnesium bromide in the ratio of ons mol of

carbon monoxide to one mol of phenyl magnesium

1. Bgovova, V. -~ J. Russ. Phys. Chem. S08.,
46, 1319-32 (1914) T
2. Gilliland and Blanchard -- J. A, C. 3. 48, 410
3. Job and Cassall -- Compt. rend. 183, 58-60 (1926)



bromide. Hydrolysis of the resulting sompound with
dil aeid yields bensopinocol, di-phenyl ketone, &1i-
rhenyl methyl alcohol, diphenyl, diphenylacetaphenom
and BzH. No carbon menoxide was absorbed without the
chromie chloride being present.

By heating phenyl magnesium bromide at 78° to
80° and a short time at 110° Tischer and Stappens (1)
found earbon monoxide absorbed in the ratio of ens:30
one. From 79 grams of phenyl bromide there were
isolated 36.50 grams of benzein, 4 grams of benzems,
2 grams of diphenyl and 3.5 grams of benzil, eighty
pereent of the products being imolated. Para methyl
phenyl magnesium chloride at 160° and 100 atmospheres
absorbes oarbdbon monoxide giving pare telucia and para
telull, fifty-five percent of the Teaction produets
being isolated. Alpha CjpHyligBr absorbs cearbon monw
oxide, giving at 160° and 180 atmospherss sixty-eight
percent alpha napthil; napthoin could not be isolated.
Triphenyl methyl magnesium ehloride or triphenyl
methyl d4id not reaot with carbon monoxide. Ethyl
magnesium bromide end oarbon monoxide at 110° give
2=pentene. Butyl magnesium chloride and carbon mon-

1., Tischer and Stappems ~- inn., 500, 2853-70 (1933)
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oxide give sixty-five percent of 4-~nonene and some
butyl alcohol. Iso amyl magnesium bromide gives
geventy pereent of 2;: 8: dimethyl: 4; uoncns B, ?.
57 - 63° at 13 mm., 420 0.743, n.&% 1.4211 ana
a compound B. P. 90 - 110° at 13 mm. Phenyl methyl
magnesium chleri@e,gtvca-aixty percent of 1:3 41~
phenyl propene B. P. 174-5° at 16 mm, Cyglo hexyl
magnesium bromide and earbon monoxide at 80° te 100°
gives twenty-five percent oyelo hyxylmethylenseyslo-
hexane B. P. 111-2° at 12 mm,, and forty-four pere
cent of & mixture of dodecalydnabenzoin and dade~ .
cahydrabenzil, the latter boiling at 165-7° at 15 .ma.,
and melting at 28°. B- CjoHyy Mg Br. ylelds a ketone
and an unsatu;atga hydrocarbon that were not
characterized. Ko reaction occurs with the magnesium
derivatives of pyrnyl bromide, P- KegCgH Mg, didbromo-
ethane or with phcnyl stms brvmids ar diithyl alumi~
num. Alocoholates are &acelaratara of the roaetion.
Ethyl magnesium bromide and ethyl magnesium plus
CoHsO Mg Br are reported as electrolytes.

Under certain conditions a-diketones when

treated with grignards give tertiary alcohols (1)

1. Atti. Accad. Lincei. 8, 309-14 (1928)



This reaction hae been applied to alpha and
beta diketones by Pace (1),

eyt Me ug Br ———> [ue0(0m—1p

Dehydrogination (2) oocurs when hydrocarbons
are heated with metallic catalysts. Radicals formed
such as CH, may polymerize to benzene, eto, Thess
polymers may, when the conditions are changed, de¢-
compose into their respective components in the
presence of these same metals., The aotions of the
alkall metals in this field have been but little
investigated., In order to aoqauntv£¢£ éqnﬁ of the
products reported in the literature, some such re-

actions must take place.

1, Atti. Accad. Lincei, 8, 209-14 (1928
2, Cat. in Ind, Chem. - Bﬁndoraon. Pe 1;5
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THEORETICAL DISCUSSION

The Frankland synthesis of paraffine
hydrocarbons by condensing two molecules of the
brominated alkyl with metalliec zinc has been widely
extended. Wurtz and Fittig subsiituted metallie
sodium for the zinc and odbtained much better gg*g;ti.
On account of the analogy between the alhyl halides
and the acyl halides a few attempts have been made
to apply these syntheses to this type compound.

C HBr + 2Ka ¢ mz“sf“‘f"%“m {» mv.m-
- Wurtz synthesis

C4HCOBr ¢ 2Na # BrOCC Hg — (C,HgC0), + 28aRr
- 4pplication sought

The only difference in the two compounds
at the start 1s the carbonyl group adjacent to the
carbon chain in the asyl halide. Just what ihs
fiuence this group has on the reaction has not been
investigated to any great extent and 1s not very
well understood. The activity of the halogens,
chlorine, bromine, and iodine is also not in cor-
respondence with their usual activity. Thi‘ordér:

seems to be reversed so that the chlorine is less
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effestive than bromine which is less effective
than the iodine. No work eould de found on the
organie fluorides of this mature.

' This possibility of condensing twe mole~
oules of aeid halide by splitting out the halogen
by means of some metal to form an a-diketone and
an inorganic salt seems very easy at first sight,
but on aceount of the character of the negative
oxygen and the carbonyl group the reaction products
are not those that would ordinarily be expeeted.
From the products of this reaction it can be seen
that the alkali exerts a reducing influence and
the reduced diketone ig obtained instead of the
ordinary a-diketone. This may be dus to the action
of some small amount of moisture in the flask or
reagents which combined with the metallic alkalil
to form anhyéroxidifwhieh is a well known relucing
sgent when used in ethereal solution, However, if '
the oconditions were changed until the proper set-
up was found this reastion should go to completion
as expeoted.

 In speaking of the general method involved
in the completion of this reaction, the best known
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anthorities recommended that benzoyl chloride

and metallic sodium or five percent sodium amal-
gam be placed in a dry flask equipped with moisture-
proof reflux condensor, in two parts of ether in

the ratio of 1:1, refluxing at the bdoiling point

of ether on a water bath for from two to three days
and then filtering, washing with dry ether and plao-
ing in a vacuum under about 10 mm. pressure. This
removes the ether without injuring the reaction
product by heat. Dissolve the produet in absolute
aleohol and again place in the vacuum, After the
third repetition of this last the compound iso-
benzil comes down in glittering white crystals.

Upon further dissolving in ethyl aleochol and plac-
ing in vacuum ordinary benzil comes dpwn according
to Klinger (1) in small quantitioé;

This method gives poor results because
the product obtained from the reaction upon being
distilled chars and even under reduced pyessure
yields no benzil. Upon fractional orystallization
the difficulty of the affinity of the product for

ether is not overcome easily-and the product re-

1. B. 24, 1264
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fuses to crystallige. After distilling with

steam for several days the product is freed of
benzoic acid and is still less willing to erystal-
lize.

In using metallie zinc in the form of dust,
the initial reaction is much more severe, when used
in place of metallic Sadium but the reaction predusts
possess the same general characteristics and must
therefore be of the same nature.

Norris (1) makes the following analogy be-
tween benzoyl chloride, phenyl methyl ohloride and.
triphenyl methyl c¢hloride:

=0 ' Thé oxygen is negative here
CtigC Z_ ¢y xye &
06H5?-——-H The two hydrogens are positive
c1 '
(06H5)

1
06H50 “—-(0635) The phenyl groups in brackets
| are negative in character

Ccl.

By this means he accounts for the difference in

activity of the acyl halides and the alkyl halides.

l., Amer. Che. Journmal Vol. 23, 141 (1903)
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lis results indicated that oxygen was sbsorbed from
the air during the reaeticn’tc’!o?n»sn«anhydri&;tifht
zine chloride formed exerts the same influence on the
repction that would be exerted in ocase of aluminum
chloride used in Friedel-Krafts synthesis. Since more
than the quantitative amouht of zinec was used up in
the reaction, the results indicated the formation of
ah'organg zind'oompéuné.. No benzil was obtained by
Korris in any of his experiments even when oarried
out in an inert atmosphere. He Qanolndas that when
the reaction between zine and‘heﬁzqyl cﬁloridg-ta!cs
piace, the complications 1n§61v§d are auagptk#t?tho
produsts can not be interpreted by the facts so far
disaove:ed.

Another theoretical possibility exists where-
by a-diketones could be obtained by forming an ordi-
nary grignard reagent of any étrﬁightvcr branch chaim,
brominated hydrocarbon and thsﬁ foreing in dry ocarbon
monoxide. Thisywould farm an orgéno magnesium com-
pound éimilar in nature to thércxﬂgna;y grignard made
by using carbon dioxide, but ha#ing one less Oxygen
atoms. The carbonyl group would go Ln be%wgan the
earbon of the hydrcéarbon ana'iia‘magnesiﬁu}

I 11
0 : 0
0 Mg Br \\‘ﬁ§.3@

ORDINARKY GRIGHRARD MODIFIED GRIGNARD



It should be possible to add free iodine
in saturated ether solution to compound II, split-
ting out magnesium bromo iodide and drawing the two

neuclei together to form an a-diketone in the follow-

ing fashion:~

0 0
7 N ¢ 2 Br I
Czﬁsc\\____ ____________ -Gy —> Ng A
| Mg Br Br}&g; -
! {
\ Iz l
"""" - 0 0
W [
b G0 ——C — Gyl

The formation of an inorganic salt of this type

usually takes place vor& easily and there ar§ no
possibilities for products except ihe formation of

the alpha diketone. If the organo mégnéaium compound
could be isolated, purified and stored with6u£ de-
composition it would be a very simple raaction tp

form any a-diketone desired by adding in ether solution
any acid halide whose group was desired.

0 0 - 0 0
J N\ R i
ColaC _ C-C.H CoHxC —— C C,.H
N els — i CoHg | 685
| MgBr Br ,

— W -y - — e -



Compound II could be varied at will and there should
be no polymerization as when condensing acid halldes
with metallic alkalis.

Only in one instance (1) does the literature
give a method of this general type. The resulting
a=-@iketones were produced in the reduced condition in
cages of hydrocarbons of lesser carbon atoms. Heat
seemed to be all that was necessary for the absorption
of the carbon monoxide by the grignard. In all other
instances some oeatalyst such as chromic chloride or
nickel carbonyl was necessary in order to foree the
carbon monoxide into the grignard.

In all cases the manner in whieh the gaseous
carbon monoxide was absorbed was not completely under-
stood. Exactly why it should not be absorbed in the
same manner as carbon dioxide 18 another point about
which very little information could bde obtained.

The nature of these organo magnesium compounds
was 80 little understcod that M. D. V. Tistchenko (2)
in 1920 decided to give the broblem an exhaustive in-
vestigation., Since he concentrates and eladborates on

all of the information available at that time and

l. ann, 500, 253-70 (1933)
2. Bull, Soc. Chimie 37, 623-37 (1925)
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discuegses the imporitant theories aeeording”toitho,
results he obtained, the general ideas and informa-
tion of his paper will be given in the hext;pa:ggrgpha.
‘ In an absolutely dry apparajus one part acid
halide 1is dissolved in two pgrtg gi,gther,’ ?po
apparatus isrthe'sgmglomyloyed‘in‘t?Q,Praygxgﬁi?? of
a grignard resgect. In the ratio of.ogg mo;‘gf
magnesium to one mol of scid ballide the magnesium in
the form of clean dry turnings is added, The acid
bromides and iodides immediately give e&idoncqugtn
resction but the acid chlorides fail to ?gggt.v gho
magnesium is dissolved in almqat‘tha:qugptiﬁajijp
amcunt and in the cases of aqatylvpppg;@e}w}ropionyl
bromide and the two butyryls, the solution yaa ¢1y1de
into two parts. The top layer oomposed;ptAqtbqrﬂgpd
a small amount of dissolved organq)s&gnesium compound;
the bottom layer contains'the_trgnsposgﬁiae;g;bppmido
and any traces of undissolved magnesium. The two |
layers are filtered by means of a brominated plug of
agsbestos. The viscous liquid of the boﬁtom layar “
retracles its ether very emergetically and must be
dried 2t 140° for three hours at the end of which
time 1t comes out ag a dry yellow powder sorrespond-

ing to the formula: Py o o
| R—C —Mg Br  whioch is

slowly soluble in ccld ether giving a viseous
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solution while the ordinary magnesium compound:
R - Mg - Br is very slightly soluble.

Upon attempting to syntheslize a~diketones a
variety of producte was obtained. The normal a-
diketones were obtained in every case in small
quantities and in some cases in yields as high as
thirty percent. The constitution of the organo
magnesium compounds as products of the reastions
between acid bromides and magnesium is proved by the
formation of aldehydes from the produots of eonden-

sation of the last when decomposed by water, by the’

the magnesium derivative of brom diisovalenyl by
brom isovalenyl, by formation‘of ether salts of a~
diketones and of acids by the decomposition of brom
acyl magnesium compounds by bromine.

By exhaustive treatment Tistchenko proved
the presence of the organo magnesium compound that
would be necessary in diketone synthesis, namely:

0
& = C

/\

Mg Br

but due to improper eonditions failed to obtain the
expected diketones in guantitative yields when he

reacted them wilith acid bromides or free bromine.
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- COECLUSION

Qualitative evidence of diketone formation
is obtained by reaction of acid halides with metallio
sodium in ether solution. The reation seems to go
past' the diketone and is reduced to secondary aloohol.
Some method of control in QrdqrAto_insuxe,propp; eon-
ditions must be found 4o guarantee the success of this
reaction. |
In the attempts at adding ocarbon monoxide to
a Grignard reagent the temperature was thought to be
the controlling factor. The conditions of reaction
are of primary importance in the successful addition

of the gas.
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EXPRERIMENTAL

I. Condensation of Aclid Halides with Metallie

'Sodium.
Method

Place in a dry flask one part of benzoyl
chloride dissolved in two parts of ether which has
been dried over calecium chloride and then distilled
from metalllc sodium. Add thin eclean shavings of
metallic sodium, that has been thoroughly washed in
dry ether, in the ratio of one mol of sodium to. two
mols of acld chloride. Equip the flask with a
moisture-proof reflux condensor and reflux on a water
bath for from twelve to fwenty-four hours. The
ethereal solution turns slightly yellow and then
darkens as the refluxing continues. The ether volume
must be kept constant throughout the reaction, ‘ The
sodium is acted upon by the chlorine and soon the
bottom of the flask is covered with orystals of
sodium chloride. At the end of the refluxing period
the solution has become almost wine colored and the
sodium has practicully all been acted upon. Filter
or carefully decant the solution with repeated

ethereal washings of the remains in the flask into



-Dle

o flask equipped for steam distillation. Here the
solution ie shaken for fifteen minutes with persistent
caustic solution. Heat gently and pass in steam.
Steam distill the solution until free of ether and |
benzoie acid. A dark red viscous material is left in
the bottom of the flask. Remove this and after wash-
ing with water dissolve in ethyl alecohol. Pleace in a
vacuum deéssicator (no ealcium chloride) and reduce the
pressure down to about ten millimeters. In a little
while & yellow amorphous flaky matari&lrcoméé out‘bfj
golution. Rapeatedly evaporate in vaauo, add a mixtura
of ether and ethyl alcohol each time and eaah timo a
new quantity of the yellow material comes down. Finally,
after filtering off and saving each portion or tho
yellow flaky substance, a brown gum remains that re-
fuses to dissolve in alcohcl.v" o

uttempt to crystallize the yellow flaky
materiul from alcohcl ether, benzene, carbon bi-
sulfide, carbon tetra chloride, chloroform and petro-
leum ether. This should be the diketcne benzil in
the impure sgtate.

This method is the géneral one emblbyeéland
was varied both in the metals used and the éﬁﬁséquonf

treatment of the products.



In order to check the presence of the
partialiy reduced a-diketone alcohol benzoin two
analytical methods were employed.

I. Ordinary,th;inga solution 1s‘prapa;equangi
added to a small amount of the red gum.
pbtained éa a‘prqduqt;from the general
method. If it reduces the Fehlings

solution benzoin is indicated.

II. Oxidation of Benzoins tqbbikgtpggs.with_légine (1).
1. A deep reddiah-purple‘color appears immediately
when sodium methylate ls added to a methyl
éiéohgl éolution of benzoin. dhen a small
amount of lodine is added the color quiockly
fades to a straw yall;w but in a few
moments the»pgrpla color returns.
2, Benzéin color test -~ The pﬂ:yle color of
an alkaline solution of benzoin has long
been used as a color test for both benzoin
and benzil but 1t has never been evaluated
quantitatively.
Under conditions of the test
benzi] alone gives no color test, but when
added to benzoin the test will give an

intense color.

lo J. A c- S‘ 51' 3822 (1929)
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The procedure oongists in first adding
to a 10 ce. teat tube onme cc. of sodium methylate
solution (4 g. of sodium to 50 ee. of methyl alsehol),
next 0,1 co. of saturated benzil solution, and finally
anywhere from 0,02 to one ce., of the methyl aleohel
sclution of benzoin to be tested (1).

Reagents

Ether used 1in these experiments was dried
in the followlng manner:

Ordinary oommercial diethal ether U. S. P.
was dried over fusad caleium chloride ror ten daya.
passed through a fast fllter and motallic sodium in
the form of small freshly cut lumps or shavings
placed in 1t. Thia'was allowed to stand until no W
more bubbles arose to the surface. The ealcium N
chlorice tube in the corg must be clean and frcah.
4t the end of this period the ether was distilled
into a moisture-proof flask from freshly cut metallic
sodium. ’Aluminum ehloridé (anhydrous) was diséolvéd
in it to give a clear sclution.

Almost always the metallic sodium found

1. J. 4. C. 8. 49, 2584 (1927)
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around the laboratory is found to be covered with

a erust of sodium hyﬁrate. This will furnish enough
moisture to hydralyse some of the aempoun&é férm§&

in the experimehts. Caustic soda in ether 18 a well kmow
known redueing agent, therefore the sodium used had

to be absolutely clean. The following will give the
clean metal:

(1) weigh out 12 g. of metallie sodium in lumps
from which all the crust has been removed. Use a
‘common knife and dip into paraffine oil while using.
Place sodium in a 300 cc. round bottomed flask aﬁé
cover with 30 cc. of commercial xylene.' Attach an
addition tube with sealed joints as a reflux conden-
sor. Stopper the tube and heat the flask gently over
a wire gauge until the sodium melts - M. P. 95.6° -
B. P. xylene 136° - 141°., Do not boil. Place towel
abbﬁt flask and shake until the sodium appears in
globules about the size of bird shot. Let stand
until cool. Pour off the xylene and wash twice with
dry ether. The sodium should now be used immediately

due to its quick oxidation.



Data

1. 200 g. of 50% sodium amalgam were placed in
a4 one-liter flask equippéd with a very long moisture-
proof reflux condensor. 100 g. (82;6 cc.) of benzoyl
‘cnloride was dissolved in 200 cqg‘of‘dry ether and
poured down the reflux., 4 line was drawn at the level
of the liguid in the flask. Ether was added from time
to time to keep this level the same throughout the
experiment, The contents were refluxed for three days.
Upon addition of the ether benzoyl chloride mixture
the solution did not react violantiy, The oontents of
the flask gradually took on a yellowléolor as the re-
fluxing was continued. 4fter the second day the con-
tents was about the color of dark red wine and the
godium chloride had fallgn out of solution and had
covered the botitom of the flask. The temperature was
never above that of bolling ether. At the end of the
refluxing pericd the dark browniah red solution was
separated from the mercury and sodium chloride and
washed out with dry ether; The washing added to the
original and the whole divided into three equal parts.
The first part was washed in a separatory
funnel with a persistant solution of sodium hydrbxide.

This converted any free benzoyl chloride to benzoic
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acid. The solutions were then separated and the
ethereal solution was steam distilled until free from
benzoic acid. The heavy yellow syrup remaining in the
flask is then dissolved in dry ether and placed in a
flask with ealoium ochloride (anhydreus).. This cuts
the volume down guite a bit. Placed in a vacuus, the
ether volantilizes at once and the syrup 1s all that
remains. Alcohol was then added and the solution again
placed under a vacuum. Yellow flakes begin falling out
of the solution and from time to time were removed and
dissolved in ether. The end product remﬂtﬁ&ﬁg‘wéb in-
soluble in alecohol and soluble in ether. Both the
flakes and the end produst would reduse Fehlings
solution and give the sodium methylate test for benzoin,
but after many attempts could not be orystallized from
ether, aleohol, carbon, te¢tra chloride, chloroform,
benzens or carbon disulrfigde.
| The second part was washed with NaHCOg and
subjected to the same process. The results were the
same as for the first parf.‘

| Portion number fhree wag washed with dis-
tilled water and subjéetod to the same process. The

product was the same as the previous two portioms.
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2, Since the yellow color developed in experi-
ment one was too intense for the desired produet it
was thought that the amalgam might possidly exert a
rolymerizing influence upon the reaction. OConsequently,
clean sadium metal was substituted for it.

30 g. of Benzoyl chloride, 150 oc., of ether.
and 5 g. of metallic sodium in the shot form were
placed together under a reflux., The reaction was evi-
dent at once and was allowed to proceed at room temper-
ature. After there was no sign of reaction in the
flask and the $odium seemed to be all dissolved, the
yellow brown solution was removed and washed with per-
sistant NaOH solution. Immediately the solution becume
very dark brown and apparently the same as that observ-
ed in experiment one. This was stean distilled until
benzoic acid free and subjected to the vacuum treat-
ment. The products were the same as thoée of éxperi-

ment one.

3. Believing that the.polymerizatibn was caused
by the formation of NaOE from the moisture's action
on the metallic sodium,'all precautions were taken to
have conditions absolutely dry. The ether was re-
dried and the benzoyl chloride tested for moistufe.

The steam distillations were carwed out in persistant
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alkall and the deep brown colored product subjeoted
to vacuum treatment. This time no yellow flakes ocame
down at first but soon they all came down at once. The
products were found to give the benzoin test with
Fehling's solution and with sodium methylate, but could
not be crystallized from any of the sclvents used in
experiment one.

Upon adding the sodium in small gquantities
in & small experiment the yellow color developed was
less intense, but in dcing this too much moisture got
into the flask and benzoic acid was the product in the
mein, The small amcunt of brown syrup was the same as

that obtalned in experiment one.

4, Believing that alkaline reduction gave an
impure benzoin instead of the expected benzil, it was
thought that some other metal might give the desired

result,

(a) Metallic calcium, benzoyl chloride, and twice
its volume of ether were refluxed for two days. The
contents of the flask were removed and allowed to
stand corked for two weeks, Only a very slight dis-
coloration proved that the reaction iIf any was very

slight.
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(b) Metallic copper, benzoyl chloridé’éhd'dry

ether were refluxed for three days and a yellow color
developed proving the reaction to take'piace. 'This
yellow cclor was caused by the coppér chloridé'fbrmed
dissolving in the ether and after two weeks standing

the only thing obtained from it was benzoic aeid.

(¢) Metallic magnesium; benzoyl chloride and ether
were refluxed bogether for four days. Some few
erystals of magnesium ehlori&e feli oué br édlﬁ@ion,
but on the whole little evidence of reaction was

observed.

(d) 75 ce. of Benzoyl chloride, 3.5 g. of clean
metallia’pctassium,;prsparedA1n the same manner as
$adium used'in‘previous,experimcnta. and no ether
were placed under a reflux. After boiling about
fifteen minutes the potussium swelled up and formed
a purple crust over itsalf. White crystalabseparated )
on the walls of the flusk showing that the chlorine
was belng removed. The liguid turned dark brown in
color. The resction was continued until all the
potassium was used up and the liquid obtained sub-
mitted to the general precedure outlined previously.
The residue in the flask wus potassiumrehléride.

The liguid gave the same products as those obtained



-30-

in experiment one. Upon boiling the brbwn,gxrpp
with charcoal some of the color wés removed, b@ﬁ_
upon evaporation of the alcohol solution_pséd’thé
color returned and the prcdu&t refusedygd crystéi-

lize .

(e) 30 ec. of Benzoyl chléride, 60 cc. of ether,
and 8 g. of zinc dust and a pinch of CuyCl, were
placed in a flask under a reflux. The reaction took
place spontauneously and was so violent that it had
to be cooled with water. Refluxing was continued -
for three days. Once a yellow solid condensed on
the walls of the reflux but was soon dissolved by
the ether. The contents were filtered after re-
moval and submitted to the general procedure. KNo
benzil could be erystalliged from them.

"Attempts were mude to isolate the yellow
80lid condensing on the walls of the retlux but

this could not be duplicated.

(f) 35.12 g¢. of benzoil chloride, 100 cc, of
ether, 15.% g. of zinc dust and 20 g of acetyl‘
chloride were added in order as glven. Uﬁbn ad-
dition of the ucetyl chloride the reaction was

violent and exploded. NKothing recovered.



(g) 30 se., of benzoil chloride, 30 cc. of ether
and 8 g. of zine dust with a pinch of CupCly were
allowed to react under a reflux and warmed for ten
minutes after the initial reaction. The contents
were placed in distillation apparatus and distilled
under & pressure of 6 mm. of mercury. After the
ether had boiled off, a mixture of substances came
over at 51° /6 mm. which had & bad odor and remained
colorless. This liquid 4id not crystallize. Ko
evidence of ketone odor was found and the remainder

of the contents charred without distilling.

5. Since the products of the reasctions were
never those to be expected experiments were run to
determine the conductivity of both reagents and

products,.

(a) Benzoyl chloride will not carry the electiric
current, therefore it does not have the properties

of an electrolyte.

(b) Benzoyl chloride dissolved in ether will not

carry the electric current,

(e¢) 4dd a drop or two of NaOH to (b) and the current
is carried.



(d) The brown syrup from experiment one dissolved
in ether will not carry the electric current, prov-

ing it to have non-electrolytic properties and free

from inorganic sodium salts.






II1. The Addition of Carbon Monoxide to a Grignard
Reagent with the Subsequent kemoval of the
Magnesium Halide.

Method

bet up the upparatu% as shown in figure l,
and pluce in flask a one—thi *d of a mol of an alﬁyl
bromide ‘dissolved in twico its volume of dry other.’
By loosaning the upparntns at 4, add ono-third of
mol of clean strips of magnesium about one centimeter
long. 4Add a small amount of lodine dissolved 1in dry
ether down the ccndénscr at D. The magnesium begins
to dissolve and the initial‘reaotion must be ddﬁied
until it proceéds regularly. At the end of an hour
most of the magnesium haé been dissolved. Keflux
~with water bath for an additional hour. #While the
refluxing is in progress place 150 cc. concentrated
Hs30, in flask B and 100 cc. of formic acid in
flask C. Add about half of the formic acid to the
HpS0, and warm. Open valve between 3 and 4 and the
carbon monoxide generated passes into the prepared
grignard at the temperature of boiling ether. Stir
with the mechanical stirrer intemittantly and allow
the carbon monoxide to pase in four hours at the

temperature of boiling ether. 4 darkening of the
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solution will be observed.

Set up distillation apparatus equipped with
dropping funnel and thermometer. By means of drying
tubes on the receiver maske the apparatus moisture-
procf. Place the contents of the flask in the dis-
tillation set up and add through the dropping funnel
the quantitative amount of the free halogen, 1o¢1no¢
dissolved in ether, or the acid halid whose group is
desired. The iodine solution immediately loses its
color giving evidence of reaction and the halide will
form with the formation of soluble magnesium halide.

Distill according to the principle of
fractional distillation and collect the products.

Data

#1. Using n-amyl bromide the Grignard reagent was
formed and the carbon monoxide passed in. The product
reacted with:

(2) 1lodine - iodine-like odor

(b) water ~-=- aldehyde odor
(e) Ybenzoyl chloride-~ ketone odor

(d) methyl bromide -~ ketone odor
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#2. Again using n-amyl bromide the Grignard
reagent was prepared and the carbon monoxide passed
in. Ether saturated with iodine was added until a
slight pink product color developed. Thia_waa dis~
tilled. After the ether passed over the boiling point
went to about 60° and decomposition took place with a
white gas passing through and a charring taking place
in the flask. Ko ketone odor was detected in any of
the products. | |
Since the properties of the products obtained
from n-amyl bromide were not in the ordinary handbooks,
n-propyl bromide was substituted for it.

#3. Cne-third mol of n-propyl bromide was used,

the Grignard was prepared and carbon monsxide passed
in. The product wes removed to the distillation
apparatus and one-third mol of methyl iodide was added.
feaction took place. The resulting product was dis-
tilled. After the ether had distilled off, a white
gas that could not be condensed came over and the
products in the flask took on & jelly-like appearance.
The belling point of the monocketone expected, methyl
propyl ketone, is 102° C. The boiling point never

rose above 75° C. No ketone was cbteined.
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#4 . Some 0f the n-amyl Grignard was subjected
to carbon monoxide treatment and methyl iodide was
added. The mixture was allowed to stand stoppered
for ten days and distilled. Ko ketone could be
isolated.

#5. One-third mol of n-propyl bromide, one-third
mol of magnesium and 150 cec. of ether were placed in
apparatus and Grignard reagent formed. Carbon mon-
oxide was passed in for eight hours at boiling point
of ether., Immediately the contents were transferred
to the distillation apparatus and about half of the
ether distilled off. The quantitative amount of
ethyl bromide was added and the distillation continued.
The boiling point of ethyl propyl ketone which was
expected was 122-4° ¢, The thermometer never rose
above 80° C. and decomposition took place. Ko ketone
was isolated. Evidently the carbon monoxide does not

€0 in at this temperature.
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