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A3 a part of an investigation of the synthesis of highly branched sliphstic hydroearbons
that ig being conduoted st the National Bureau of Standards for the Mationel Advizory
Committes for Aeronsutles, the Navy Burean of Aeronaubies, and the Arvtay Air Forces,
peveral compounds have been prepered by intersotion of slky! halides and vericus carbonyl
compounds in the presence of sodinin.  Thid reaction makes possible the synthesiz of certain
highly branched compounds not casily obtainesble by other mesns.

1. Intreduction

The use of the Grignurd resction for synthesis
of highly branched compounds is limited by un-
desirable side reactions, which become progres-
sively more pronounced as the degree of branching
of the reactants is increased. These side reactions
involve the reduction and enolization of the adduei
rather than the desired addition of the alkyl group.

Thke recent work of Bartleit and Schneider [1] ?
and previous work by Morton and Stevens [13]
indieate that the reaction between an alky! halide
and an ester or ketone under the inflvenee of sedivin
may he used to prepare certain compounds mere
enoily then by the Grignard reaction, or may be
used in some cases in which the Grignard reaction
fails completely as a synthetic tool.  In this paper,
are deseribed the results of a few resctions that
were designad to give information concerning the
seope of the reaction and the effect of various
solvents snd temperatures of reastion. The work
~ of Bartlett and Schneider hea been extended to
include a faw additionsl reactants.

II. Exparimental

The apparatus used in making small-zeals runs
was the conventional threa-neclk flask of appro-
priate size, fitted with a stircer, reflux condenser,
and thermemeter. A separatory funnel was
placed at the top of the condenser. Heating and

! Fignres In bradkats mdkeats the liiemabure: raferences at ibo end ol this
FERCT.

Allphote Condanaotions by Bodium

cooling of the reaction mixture was effectod by
application of hot or cold oil baths, In some
cases, particularly with low-boiling solvents, both
small necks of the flask were fitted with refux
eondensers with the elimination of the thermom-
ater,

Bodinm sand was prepared batch-wise hy heat-
ing a weighed amount of sodium in & purified light
mineral oil until meited, and then shaking the
lquid sedium vigorously in a clesed Erlenmeyer
Rask until the desirad state of subdivision was ob-
tained.  After the particles of sodium had cooled
sufficiently, they were washed by decantation
with three or four portions of the solvent to be
used, transferred fo the resotion vessel, and
immediztely covered with aolvent.

A fow of the first reactions tried in this series
were conducted in n-pentane (boiling range 34° to
387 (), but later ones were conducted in isooctane *
{boiling point, 99° C}. It was found that the
viporoua reactions were more easily controlled
when the higher-boiling solvent weas used. Also
the uze of iscoctane sz a solvent facilitated the
use of higher temperatures for the reactions.

Bartlett and Schneider eprried out thair reac-
tiong by adding all of the alkyl halide to the sodium
at once and then adding the carbonyl compound
over & petiod of time., In attempting fo use this

T This ia tho cotmonly weed bwme for 2,2 dgrimethylpentyme, which 19w
rrimary ataoderd ftr dctsne Rumbor messtrements, The sasgenally
siMeloed materisl 18 exceptiomully purt and servos admimbly ax A ioert
solvent for reactlans of thiz type. The common name 13 osed throughont

this paper.
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technique in our applications of the reaction, we
often found that the remction was sc wvigorous
that the sodium was completely consnmed before
all of the carbony! eompound could be added.
Apparently in these cases there is u self-sustainiog
reaction between the sodium end the alizyl halids
that needs only & starting impetus given hy the
carbonyl eompound. In order to minimize this
effoct only & small portion of the alkyl halide was
added at the start of the reaction, snd the re-
mainder was mixed with the carbony] compound
for gradusl addition during the reaction.

After the reaction had been carried to comple-
tion, the mixture was decomposed either by poor-
ing i into ice water or by direct nddition of watar
to the mixture in the flask. If any sodium was
visible in the flask, the treatment with water was
preceded by the addition of small amounts of
ethyl alecohol.  After complete hydrolysis, the two
layers were separated and the organie layer
waszhed with seversl portions of water., The or-
ganic substance was finally dried over & suitable
drying agent.  1n those cases where the products
of reaction were woll known, only those physical
constants that were deemed necessary to identify
tha product wera determined.

Bome of these reactions have been used for
large-scale synthesis; the equipment used in these
cazes has been described previcusly [8).

Methyl isobutyrate, t-butyl chloride, methyl
n-butyrate, isobutyl chloride, m-propyl chloride,
and m-butylchloride were all made by atandard
procedures. Ethyl trimethylacetgte and hexa-
methylacetona (2,2,4,4-tetramethyl-3-pentanone}
were prepared by methods previously desecribed
[8]. Pentamethylacetonc {(2,24-trimethyl-3-pen-
tanone) was prepared by a large-scale run of the
reaction betwaen athyl trimethylacetate and iso-
propyl chloride by the method described herein,
Pinacolone (3,3-dimethyl-2-butanone) [B] was pre-
pared by the oxidation of 3,4,4-trimethyl-2-pen-
tene [8] with sullurie acid-dichromate solution in a
manner analogous to that used previously for the
preparation of 4 4-dimethyl-2-pentanone |8]. The
other mateviale were obtained commercially.

Only constant-boiling materials that were col-
lected from distillation in a 180 by 2.5-em Whit-
more and Lux [16] column were used in the
synthesis. Several of these coluroms were used;
some wate packed with glase helices, the others
ware packed with stainless steel hefices, but all
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were equipped with the type of distilling head
recently described [7].

Solvents used for the reactions were removed
by distillation through these columns; the residues
wera distilled (generally at reduced pressures) in
a Podbielniak Hyper-cal column or in a Claisen
flask fitted with a short fractionating columm,

Yields were caleulated on the basis of the
amount of carbonyl compound that was added
to the veaction. Table 1 summarizes data ob-
tained on the several products, together with
repults reported in the literaturs.

1. Diisopropyl Ketone and #-Propyl Chloride

Sodinm =zand (60 g 3 & atoms) was added to 1
liter of ispoctane in the resction wessel. The
contents was heated to 80° C, and & solution of
114 gpof diisopropyl ketone (1 mole} and 157 g of
f-propyl chloride (2 moles) was gradually added.
After the reaction began, the temperature rose to
05° C, which caused congsiderable refluxing, The
characteristic? greenizh-black color  appeared,
and addition of the ketone-halide solution was
continued at such a tate as to insure vigorous
refluxing.  Addition time was approximately 2
hours. After standing overnight the reaction
mixture was hydrolyzed, and the organic layer
was washed and dried. Iscoctane and unre-
wcited n-propyl chloride were removed by distilla-
tion, and the residue was distilled at reduced
presaure (Claisen flask), There was obtained
40 g of recovered diisopropyl ketone, and 51 g of
Z-methyl-3-isopropyl-3-hexanol (3297 vield), This
carkinol has been prepared by George [6] in 36-
percent yield by the reaction of n-propyl-mnog-
nesium halide and diisopropyl ketone, The resi-
due (50 g) wns & viscious material (boiling point
==200° C, np™ 145901, and presumed to be a
bimolecular product from condensation of dilso-
propyl ketone.

2. Diisopropyl Ketone and Isobutyl Chloride

A sclution of 155 g of iwobulyi chloride {1.68
moles) and 96 g of diisopropy] ketone {0.84 mole)
was diluted with 200 ml of i=occtane and added

1'This reactlon = visuallzed »» starting with the Frmsthon of & z0dlwm
Eedylan the Bret stap.  This ketyl 12 colored aiL Intense dark blue, hhiegeeen,
parple, m black, dopending, It sseme, oo ome O § oo kAnelion of several
Terors. IL has been noted that o several cegollons fried, whope pesetlon
falledd eo ok, bio Chwrletstle sabor wes abserved, [0 is significant that
Ll polor gppeenrs fest ot Lbe aurfwge oL the =odlum, At this ataye, i only m
viry smoalk amount of ketdoms i3 preaeat in relatlon b the smount of hatlde,
thw codor alten <lizappesr 21 the ketunn Trasta,
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Bop footnotes a1 end of tablbe.
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% Yield# based upon the carbonyl or ester ocrmpeond,

1 The temperaiurs converslon (o T80 mm Hy was done by & method deseribed by Lippenectt 1111,

1 The dats in ftalkes are ram the litaratune.

4+ A freering polnt of =1001" G Rr Lbje compennd was meds by B, H. Rish,
FThe valies far o bnewn aamphe of 2,23 0,6-pentamerh yl-3-heptene-5-one, 68 measnred 1o this lBhormtory,

1 Obwiouaty, a mleours of Rebons apd carbjosol.
Cnstanta [om (e qrbiiol previcowsy preprod o this hboratory.

over a period of 3 hours to & suspension of 60 g
of andium sand (3 ¢ atoms) dispersed in 1 liter of
sooctane st 807 C. Tho reaction mixture turned
purplish blue as soon as the addition was begun,
and the temperature rose quickly to 98° C.  Stir-
ring was continved for 1 hour after the addition
was completed. The reaction mixture was hy-
drolyzed after standing overnight, and the organic
layer washed several times with water and dried.
The solvent and unreacted isobutyl chleride
were distilled off, and the vesidue was distilled
under reduced presaure (Claisen flask) to give
20 g {14% yicld) of 2 5-dimethyl-3-isepropyl-
3-hazanol.

3. Pentamethylacetone and Mathyl Bromide

A sugpension of 69 g of sodium sand (3 g atoma)
itr & sclution of 128 g of pentamethylacetone (1
mole) and 1 liter of isooctane was heated to 80° C,
An excesa of methyl bromide was edded from a
methyl  bromide dispenser® through & tube
extending below the surface of the ligquid. The
reaction hegan in the usual manner, with the
temperature rising quickly to 98% C, and the
appearance of the blue eolor. Stirring was con-
tinued for 1 hour after all of the methyl bromide

1 Aguw Frducts O6,, Cardetadt. K, T,
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had been added, and the contenta of the flask was
allowed to stand overnight. The reaction mix-
ture was worked up in the usual manaer, and the
izooctane and unreacted methyl bromide were
removed by distilation. The residue, which
wae distilled at reduced pressure (Podbielniak
still), vielded 62 g of 2,2,34-tetramethyl-3-pen-
tanol, (0.43 mole, 439, yield}.

4, Pentamethylacetone and Methyl Iodide

Pentamethylacetone (128 g, 1 mole) and 284
g methyl iadide (2 moles) were diluted with 200
ml of isooctane and added over a period of 2
hours to & suspension of £9 g of sodivm sgnd (3
g atoms) in 300 ml of isooctane at 80° C. A rapid
rise in temperature occurred, followed by the
appearance of the characteristic blue solor.  After
standing overnight the reaction mixfure was hydro-
lyzed, and the organic layer washed several times
with wuter and dried. The solvent and unreacted
methyl iodide were removed by distillation, and
the residue, which was distilled under reduced
pressure, (Chijsen fask) gave 41.5 g (209 yield) of
2.2 3 4-tetramethyl-3-pentanol.

5. Pentamethylacetons and Efhy] Bromide

A eolution of 163 g of ethyl bromide (1.5 moles)
and 64 g of pentamcthylacetone (0.5 mole) was
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added te 72 g of sodium sand (3.1 g atoms)
suspended in 900 mi of isooetane. The reaction
began in the usual manner with the appearance
of the blue color and a rise in the temperatore from
80° to 98° C.  After standing overnight the reac-
tion mixture was hydrolyzed, and the organic
portion was washed and dried. Iscoctane was
removed by distillation, &nd the rezidue was dis-
tilled at 8 reduced pressura {Claisen flask) to
give 35 p {449 yield) of 2,2 4-trimethyl-3-ethyl-
3-pentancl. Nasarow [14] prepared the same
carbinol in 7-percent yield by using penta-
meihylacetone and ethylmagnesium bromide.

A large run of this reaction has been carried
out az a part of a synthesis,  More precise data on
the physical properties of the carbinol, its dehy-
dration, and identification of 4 4-dimethyl-3-iso-
propyi-2-pentenc as the dehydration product will
be reported when further work, which is now in
progress, has been completed.

&. Pentamethylacetore and Isopropyl Chloride

A solution of 84 £ of pentamethylacetone (0.3
mole) and 98 g of izopropyl chloride (1.25 mole}
was diluted with 250 ml of iscoctane and added
to a reaction floek containing 72 g (3.1 g atoms)
of sodium sand in 300 mi of isooctans at 80° C.
The ususl procedure wis carried out, and the
organic layer was worked up in the usual manner.
Afer removing the solvent, the residue was dis-
tilled at reduced pressure (Claisen flask) to give
36 g (429 wield) of 2.2,4-trimethyl-3-isopropyl-
d-pentancl. This carhinol was prepared by Bort-
lett and Schneider (1] in 6-percent yield from the
reaction of diisopropy] ketone with &hutyl ehloride
by menns of sodium.

7. Hexamsathylacetone and a-Propyl Chloride

A solation of 142 ¢ of hexamathylacetone (1

mole} and 157 g of n-propyl chloride (2 moles)
was diluted with 200 ml of isooctane. This solu-
tion was added to 6% ¢ of sodium sand (3 g atoms)
in 600 ml of javoctane &t 80° C over a period of 2
howrs. A sudden rize in temperaure occurrad and
wea followed by the appearance of the vanal blue-
black eolor in tha reaetion mixture. After stand-
ing overnight the contenis of the flask was hydro-
lyzed, washed, and dried. Isooctzne and un-
reacted m-propyl chloride were removed, and the
vesidue was distilled at reduced pressure in a
Claisen flask. There was obtained a 38-percent.

Aliphatic Condensations by Sodiam

yvield of 2,2-dimethyl-3-t-butyl-3-hexanol. Two
analyses ® on this carbinol gave (1) C, 77.6 percent
H, 14.3 percent and (2} C, 77.8 percent; H, 14.7
percent.  The calevlated values are; C, 77.42 per-
cent; H, 13.98 percent. The molecular refrac-
tiens were determined: ME (obzerved), 58.97
MR {(caleulated),® 55.56. _

It is presumed that the carkon and hydrogen
analyses are high due to the presence of some
nlefinic material formed by the dehydration of
the carbinel during distillation.

8. Haxamethylacetone and -Butyl Chloride

A solution of 71 g of hexamethylacetone (0.5
mole} and 138 g of ébuiyl-chloride (1.5 molea)
was added to 69 g of sodium sand (3 g atoms).
The reaction hegan at 78 to &0% C, but it did not.
proceed well. Considerable gas, probably iso-
butylene, was given off during the reaction. The
ketone-halida solution was added to the reaction
mixture over g period of 2 hours. The contenta
of the flask was worked up in the usual manner,
and the solvent was removed at atmospheric
presanre.  Tha residue (85 ml) was distilled from
a Claisen flask at reduced pressure to pive: 25
ml of residual isooctane, 36 g of recovered hexa-
methylacctone, boiling point 657 to 727 C at 32
mm Hg, #i=1.4133 to 14195, and 3 ml of
heavy viscous material of unknown composition.
Anattempt to erystalize tri4-buty! carbinol [1]from
a pentane solution of the residue hy using first
an ice-salt mixtura and secondly & dry ice and
acetone mixture, failed to yield any solid materizl.

9. Pinacolone and »-Butyl Chloride

A solution of 100 g of pinocolone (1 mele) and
185 g of n-butyl chloride {2 moles) in 700 ml of
ispoctane wag added to 69 g of sodium sand (3
g atoms) in 300 ml of izooctane at 30° C over &
period of 2 hours, The reaction that ensued was
similar to those already described. After stand-
ing overnight, the remction mixture was worked
up in the previously described manner, The iso-
octane and unreacted n-butyl chloride were re-
moved at atinospheric pressure, and the residue
was distilled at reduced pressure in a Claicen
flask. There waa obtained 43 ml of material
having thess properties: boiling point, 103° to

}We arm Lndebted to the Anslytioal Chembstry snd Standsrd Szmples

Heetiony, WBE, bor the oarben and hydvmgen determination
1 Lopamke-Toreng equntlen,
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107° C at 30 mm Hg, s =1.4487 IF =0 8439,
The reported eonstants for the expected product,
2,2 3-trimethyl-3-heptanol, sre boiling peint, 94°
to 87° C at 13 mm Hg, aY 1.4409, D® (.8457
[3]. Since the eonstants of the fraction obtained
do not apree with the reported values, i was
presummed that pinacolone had dimerized in the
presence of sodiom to yield, after dehydration,
2,2,3,66-pentamethyl-3-beptene-5-one, boiling
point, 83 C' at 10.5 mm Hg, »i=1.44498, D¥=
0.8432. A carbon and hydrogen determination
gave ', 70.1 percent; H, 12.6 percent. The cal-
culated values for the ditner are: C, 79.12 per-
cent; H, 12.08 percent, and for 2,2 3-trimecthyl-3-
hoptanol, C, 76 percent; H, 13.02 percant. The
fermation of the dimer wus expected rather than
the addition reaction, because pinacolons, being
a methyl ketone, easily aldolizes in the presence
of zodinm.

A 2.4dinitrophenylhydrazone was prepared
from some of this material, which melted 146.5°
to 147% C. The same derivative was prepared
from an authentic sample of 2,2,3,6,6-penta-
methyl-3-heptene-5-one and melted at 147° to
147.5" C. A mixture of the two derivatives
melted at 146.0° to 148.5° . Hence the main
produce from this reaction was the dehydrated
bimolecular product from pinacolone.

10, Methyl n-Butyrate and #Butyl Chloride

A solution of 102 g of methyl =-butyrate (1
mole} and 368 g of t-buty! chloride {4 moles) was
added over a period of 3 houra to 46 2 (2 g atome)
of sodium =sand in 200 ml of scoctane at 80° C,
After standing overnight the mixture was hydre-
lyzed, and the orgenic layer was washed several
times with water and dried over anhydrous sodium
carbonate. The irooctane was removed, and the
residue was distilled at reduced pressure in &
Claigen flask. There was obtained therehy 11 g
(9% yield) of 2,2-dimethyl-3-hezanone.

Since mors information was desired on this
reaction than waa aiforded by the small-zcale run,
8 large ron was made. A solution of 17.6 ke of
t-butyl chloride {19¢ moles) and 7.54 kg of ethyl
n-butyrate (65 moles) was added over & period of
7 houre to 6.9 kg of sodium sand (300 g stoms) in
10 gal of irocctane at a temperature of 55° to 60° G
under » nitrogen atmesphere. The reaction
mixture turned greenish-black during the course
of the addition and evolved large quantities of gas,
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probably isobutylane. The reaction mixturs was
stirred overnight at a temperature of 56° C.

Five gallons of 05-percent ethanol was then
added over s half-hour period, and the mixture
was kept at refiux temperature sll day in order to
remove as much as posdible of the excess aodium.
This was followed by 10 gal of water, which was
added cautiously to the cooled reaction mixture
under s nitrogen atmosphere duriog 6 hours.
After the last traces of sodium had disappeared,
the mixture was washed three times with a larpe
amount of water. About 8 to 10 gal of organic
material was obtained, which was dried over
calcium chloride prior to distillation.

The isooctane was removed at atmospheric
pressure, and the residue, 2,500 ml, was submitted
to vacuum distillation (Podbielniak). There were
ohtained 552 g of 2,2-dimethyl-3-hezanone (4.3
moles, 6.6%) and 408 g of 2,2-dimethyl-3-hexanol
(3.1 moles, 4.8%%} [10]. There were no fracticns
that could be identified as the desived product,
2 2-dimethyl-23-&-butyi-3-hexanol.

The poor recovery of atarting materials is in-
dicative of the fact that little coupling occurred;
the boiling points of the coupling products ara all
well ahove that of isooctane, and they would
cortainly have appeared in the residue left upon
stripping the isooctane. Hence their absance can
only be accounted for as a consequence of side
reactions, The t-butyl chloride was loat partly
88 isobuiylene during the course of the reaction,
and the remainder distilled with the isooctene
during the stripping operation. The sster must
have been lost as a consequence of alkeline hy-
drolysis when the reaction mixture was worked up,
the hydrolysis products being discarded with the
raffinates.

11. Mathyl Isohutyrate and -Butyl Chlorids

In o 50-gal stainless steel reactor, 6.9 kg of
godinm sand (300 ¢ atoms) was prepared in 10
gal of isooctane. To this was added 17.6 kg of
t-butyl chloride (191 moles), end the mixture was
heated to 45° C, after which 8.4 kg of methyl
isobutyrate (62.8 moles) was added over a period
of 6 hours. The reaction mizture was stured
overnight and hydrolyzed, The organic layer
was saparated, washed, and dried. Issoetane and
unreacted +-butyl chloride were distilled &t atmos-
pheric pressure.  The followng compounds were
ipolated from the residue by distillation on a
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Podbiginiak column: 59 g of hexamethylethana,
4,036 g of pentamethylacetone {509, yicld), 550
g of 24 4-trimethyl-3-pentancl, and 2,229 g of
2.2 4 d-tetramethyl-3-isopropyl-3-pentancl {197
yield). The latter earbinol was prepared in 15-
pereent vield by Bartlett and Schneider [1) by the
reaction of pentamethylacetone, #-butyl chloride,
and sodium.

12. Disthylcarbonate dnd {-Butyl Chloride

Ethyl trimethylacctate (9% yield) and hexa-
methylacetone (977 vield) ware obtainad from the
reaction of 277 g of {-butyl chloride (3 moles) and
236 g of diethylcarbonate {2 moleg) in the presence
of 02 p of eodium sand {4 g stoms) using petrolenm
ether az the solvent. There was considerable
difficulty in starting the reaction, but once started
the reaction became very vigorous, The sodium
turned black, then bronze, and the reaction mix-
ture thickened considerably so that additional
solvent was required to permit stirring. After
hydrolyzing the reaction mixture, the organic
leyer was worked up in the usual manner. After
removing the petroleum ether, the residue was
distilted in a Podbielniak colutmn to give (.185
mole of ethyl tritncthylacetate, and 0.176 mole
of hexamethylacetone.,

A second run was made by using the same
quantity of materials, but sooctane was used us
the solvent. From the residuc 25 g of solid
{melting point, 75° (7, which was identified nas
pivaloin (meltmg point, 80° ), and a very high
boiling material were obtained. There wers no
fractions isolated having the properties of cither
cthyl-trimethylacetate or hexamethylacetone.

13. Ethyl Trimethylacetate and sopropyl Chloride

In & 50-gal stainless steel reactor, 15.4 Ib of
- godium sand (300 g atoms) was preparsd in 14
gal of iwooctane. - To this thore was added, over
a period of & hours, & solution of 180 moles of
tsopropy] chloride and 60 moles of ethyl trimethyl-
acetate. The reactlon mixture exhibited the
charscteristic appearance of a blue color accom-
panied by a rise in the temperature to 54° C.
'The reaction was kept at 507 to 70° C by means
of warm water in the kettle jacket. After stand-
ing overnight, excess sodium was destroyed by 5
zal of 190-proof ethyl alcohol, followed by ample
quantities of water for hydroiysis. The organic

Aliphatic Condensationa by Sodium
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leyer was separated, washed sevaral times with
water, and dried over anhydrous caleium chloride.
Ispoctano was distilled off, and the residua was
distilled at reduced pressure in a Podbielniak
column. The following products were isolated
and identifisd from thair physical! constants: 2.5
moles (4% yiald) pentamethylacetone, 2.73 moles
(4% yield) 2,24-trimethyl-3-pentanol, and 32.6
moles (54%, yield) 2,2 4-trimethyl-3-isoproprl-3-
pentanol. Distillation date are shown in figura 1.
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Fraure 1. Resulls of disiilielion of the produde from
intergetfon  of elhyl  frimetRylacelais  gnd  doprepyl
chioride.

The sall platefu in the bHilng polnt curve, beginning at sbout 1,000 m.
izt lbed, mepresentn pentwmethvivcatone; the nezt small platean representa
28 4driced by kdpentpnal. The long platsan represents 2,24 frimethyl.d.
Lsapaiaperl-2-pentanal, T hete o0ey s wee slootlar 10 Ehose obdnined 1o P othe
enperfoyints,

14, Paraldehyda, Paraformaldehyda, and ~Butyl
Chloride

An attempt was made to exiend the Bartlott-
Schnetder repction to include the reaction of an
aldehyde with an alkyl halide. Becauss monomeric
aldehydes pidolize under alkaline conditions, it was
decidaed to try paraldehyda snd paraformaldehyde.

A mixture of 132 g of paraldehyde (0.5 molo) and
138 g of t-butyl chloride {1.5 mole) was added in
small portions to 39 g of zodium sand in 400 ml
of isooctane. The temperature of the resction
mizture waa maintained at 80° C' unti all of tha
mixture had becn added. There was no evidence
of resction at this temperatura; conseguently the
mixtura was heated to 90° O {or 1 hour. After
standing overnight, no reaction had taken place.
The experiment was discontinued.
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A similar attempt was made with paraformalde-
hyde and #buiyl chloride as reactants, but no
reaction waz obzerved.

15, Agetamide and {-Butyl Chloride

Small portions of 59 g of acetamide (1 mole) and
277 g of i-butyl chloride (3 moles) were added to
8 reaction vessel containing 8¢ g of sodium sand
{3 g atoms) in 1 liter of isovctane. The renction
was very sluggish with evolution of a gea {probahly

isobutylene), and the temperature did not rize

above the initial temperature of 80° (. After
hydrolysis with ethyl aleohol and water, a strong
odor of ammonia developed indicating hydrolyais
of the acetamide to acetic acid. Fractionation
gave & cut (boiling point 78° C ap—=1.3862)
identified as ethyl acetate [9). This is not sur-
prising, zince acetic acid and ethyl aleobsl could
caterify under conditions of the experiment. No
other reaction product wes obtained.

16. Acctic Anhydride and -Butyl Chloride

In a large Erlenmeyer flask, 94 ml of acetic
anhydride was added to 23 g of sodium sand in 104
ml of isooctane. The mixture was heated to 75°
C, and 217 mi of #-butyl chloride was added in
small amounts. From time to time the flask was
heated on a hot plate. There were no visible signs
of reaction, nor did any resction oceur when the
contents of the flask was beatad to the hboiling
point of isooctene (boiling point, 9%° C). The
addition of t-butyl chloride was diseontinued, and
the reaction mixture was allowed to stand over-
night. No change bad teken place during the
night, and the experiment was therefore dis-
continued.

IOl. Summary

In the siudy of these condensation reactions,
seventeen runs were made, of which nine were of
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the aliphatic ketone-aliphatic halide type, four
were of the aliphatic ester-aliphatic halide type,
and four were n miscellzameous type. In those
reactions that produced desicable compounds, the
yields were as good or better than where the
Grignard reagent was employed.

This reaction is apparently, applicable to com-
pounds whose carbonyl group is sufficiently re-
moved from influenees that causc enolization,
aldelization, or hydrolysiz. Tabie 1 is a résumé of
reznlts obteined in this worl,
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