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ABSTRACT

Diethyl mz:tlonate-2--01)"L was prepared in 60-70% yield from sodium acetate-
2—01h via chloroacetic, cyanocacetic and malonic acids and silver salt esteri-

fication of the malonic acid,

*The work described in this paper was sponsored by the U, S. Atomic
Energy Commission. '
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The work dewcribed in this paver was sponsored by the Uy S, Atomic
Energy Commission,

Diethyl malorate is a2 well known aynthetic intermediate, ooi relatively

little work has been reported on the vrevaration of diethyl malona te=2nG 2
for use in isotowic tracer studies. _Ewppql} prevared diethyl ma7oratea?u 14
in 19% yield by the condensation of ethyl acetatGGZmﬁlé with ethyl oralste

and wrolysis of the resuliing ethyl oxalacetate. Gidez and Karnofskygz}
eported about 5%% yiel@‘@f éiethylkma“braeew&mﬁié

from barium carbonate
by formetion of maionie acid vi bwnmoa@etlc aeid and cysnocacetic acid and
then esterification of the calcium ralonate sait with dry ethanel in the

presence of anhydrous hydrogen chleride.

. (1,3)
k) < 9 : ""”‘
Malonie-2-C14 acid has been rrerared in good yield (76%, Aﬁ)< 0 but
esterlflcatlon is often difficult on the small scale required for isclopic

txac@r work\ In the present work malonic acid synthesis by a method similar
to that of Gidez and Karnovsky went smocthly, but several attempls to
esterify the calecium salt resulted in low yields of about 30‘/3:f Eowever,

the reaction between silver malorate and ethyl iodide jproved to be a satis=
factory ﬁeans of esterification, and a procedure was develored which yielded

60=70% vedistilled ester from 20-25 millimoles sodium acetate=2-G4,
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Diethyl malonatem2=014 was prepared by the following series of reacticns,
(4) {5}

using medifications of the methods of Hughes and Tolbert and Weiner.

Hilg) , €1, : 1) ®AC0,
I o e ' v e . AT a o e d
oz conma ~? Mg P CICMEC00E e
anhydrous anhydrous -3 2 2} NaCH

RaCH  agHG
- 3

£4°

Nccl’*rﬁzcegm‘ o 01452 (CO0NR ), weieoy clen (cenig),

2

¢y (coon H
s hn2 (C(C 2["5)2

Anhydrous acetic acid was prevared by treating anhydrous SCéjﬁm aceﬁate=2mélé
(2:0 goy 245 mmoles, 0016 pe/mg.) with about 36 ﬁmoles of anhyﬁroua nydro-
gen chloride, Sodium aceilate vas placed in the }emovable bottom of a gas-
solié reactor (Figure 1) and the apraratus reassembled with silicone lubri-
cant and attached to the high vacuum manifecld. The last traces of water
were removed by evacuation to a pressure of 5C micronse £ 5 1. storage bulb
was evacuaéed and then filled with %ank hydrogen chloride which had first
been dried by passing through a concentrated sulfuric acid bubbler and a
phosphorus pentoxide tower, About 36 mmoles of this hydrogen chloride was
admitted to the gas solid reactor by carefully opening the stopceck of the
reactor and measuring a pressure drop of 130 mm. Hg in the 5 1, bulb,

The gas=solid reactor was then removed from the vacuum manifold and the
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finger containing the solid was heated carefully over a Bunsen burner. The
apparatus was held at such an angle that the acetic acid distilled into the
bulb and did not drain back on the hot solid. The cake of solid was loosened
by gently_shaking, and heating continued until the solid became powdery grey.
After cooling, the apparatus was connected to the vacuum manifold and acetic
acid distilled in vacuo into a liquid nitrogen=cooled trap. The trap was
warmed with a dry ice=isoprorsnol bath and most of the excess hydrogen
chloride removed by evacuation. icetic acid was distilled in vacuo inte the
‘chlorination apraratus (Figure 2) which centained 30 mg. red phosnhorus,

15 mg. iodine and 0.2 ml. acetyl chloride. The reaction mixture was heated
to about 40° to allow any water present to react with the acetyl chloride.
Suitable precautions were taken to accommodate any>excess DreSsuUre » - lhe
bottom of the reaétion tube was ccoled in liquid nitrogen until all gaseous
mterials were collected., The liquid nitrogen was then renlaced by a dry
ice~isopropanol bath and excess hydrogen chleoride removed by evacuation.

The apraratus and its frozen contents were then transferred to a steam bath,
and the condenser was filled with dry ice=isopromanol and opened to the at=-
mosyphere through a drying tube. Chlorine gas was massed through a concen~
trated sulfurie écid bubbler and a pheosphorus pentoxide tower and then bubbled
through the reacfion mixture at 100° for two hours. The condenser required
constant refiliing with small chunks of dry ice to prevent loss of product.
Toward the end of this period a yellow solid ususlly formed in the arm of
the tube. The mixture was allowed to cocl and solidify, the dry ilce~isc-
propanclvmixture was drained from the condenser and most of the chlorine

allowed to excape by evavoration. The condenser stopcock was clesed and the
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feaction tube immediately immersed in liquid nitrogen to prevent nresaure
build-up. The chleroacetic acid preduct was distilled into the bcttom of

the tune by filling the finger of the condenser with boiling wateriand gently
flaming other expos ¢ parts of. the apnaratus. (ne milliliter of water was
added, the mixtufé’warmeﬁ‘to;roomutemperature and'residual.chlbﬁine'ai}nme&3ff
| to escape-throughatha‘atonCOckg Immed_atelv affe“ chior¢ t"on, tuc e &%:ﬁ
duct ‘was transfe red w1th 50 cce Of" uate‘ 1o a 2”0 nc '“ﬂunumoottnmed £1s '”_”
warmed to 50 , nautr'llaea xaub )ﬁ um carbonate (nnnonyr“aue, Ls Z Oe;. |
13.7 mmo'es) and’ then coolbde Sonium cyanlde (1. 2 g@@ ZAQL mmoieﬁ) x*sm“

solved in about lO cCo. w*ter was . Inwly added to tne ranldly_otlnred sci*tifﬁ%“”f

'\

which was cooled lf the ”eac+1on became too evuthe“mlce The flask was leaﬁmﬁ
ed on a stean bath for 1 hoar to lnsure complete raact:on,'-Tha-sclfticn
was cooled and_scdinm h 3 o' (l.O ;o, 45.0 nmogea) sinwly:adééa;? The
flask wasvheatedfonia-ataam batn ln a hocn azd saeam,buboled nnroﬁéh_ beisoa e
tion to aid the remrva1 cf ammonla, A st*eam of 31" vas blown aery cssﬁthe
liguid surf«ce to lncreage the *ate of evanoratlon and ﬁbereby centa ol the
total volume of sblution.y hjuroiy51s was’ ccn51dered complete when the. vannr
was neui*al to m01st litmus (about 3= hours). The c¢lear yellow solution‘
wvas filt ered through sintered gla s to.remove a small amount of dark brown
recinitate and cnllectédvin a_ZOO{cc;urounﬁébottbmed"flask containing a
side arm fitted with a sintered g’lavs's.-ifil_t"ex.'j (Figure 3). Silver nitrate -
(8e5 goy 50 rmoles ) disaalved in abcut 25;cca.water was sléwly-addadlﬁo:the
rapidly stirred solutlon, and a conlous .grey precxnitate formede. Thn? B
supernatant l1qu1d was filtered through ‘the 51de arm and the flltrate tes teé.

“The

with silver nitrate solutlon to 1nsure the absence of soluble malonatee_
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vrecipitate was washed once with a small quantity of water and then dried by
evacuation (overnight on an aspiretor and then 4-8 hours on a high-vacuun

line), &thyl icdide. (30 cca, 372 mmcles) was noured over the dry silver

precipitate, the fiask fitted with a reflw anc:e‘ﬂ. er and the side arm cagfue
The nmixture was reflured and af*ita edswitﬂ‘ a glass=gealed ragnetic stirrer

for thrze hour s angd tnen .,tv‘red \)V(’"”lu ht at *’oc,m temperature . ﬁ)ietl-zyl
meilo.m 1te and excess atnjl modxde were ;11{:@%(1 through the side arm iato a
60 50 » dropping Tunnel 'Ine trecipitate was washed 4-5 times with a total
cf 20 C'l‘:‘a ethyl ether and the vas hmrt:*s «:onm ned with the filtrate. - The
et‘aaf‘_“% et h’yl“_ic}:clide re Nﬂ sh=dis ‘ille:'i frm a 30 cc, 2= n,ck war»
S":i‘k’%u f_‘he,k at amosrhef:r 1 f_;cnressﬂ;ui"e; “he appratus was jthen 13 e, Lmﬁ r:.\i-
vacuuwn di:stillé tvic‘.)n atv.e;bﬁu{; BO‘mng ‘E.-ig?, 'Evam;ationf at oom :tempéra‘tum'
for 1/ hour vemoved the résidua1ﬂ¢§her_ana,ethglxiadiae, and then the bulk
6fvtha wroduct was aistilled at 97+1oé9c@ This aistillate ws collected in
a 30 c,m ;”v:«'.h-o‘:'}“ pe,d flﬂo!{ th ~’h m., theﬁ a.me’nnleu Aor anotnev- vacmm
.umtlllutlon at: 30 mm, ng dnd the fraction cli*st*ll*ng at 105-»106 Co was

uollected ®
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ANALYSIS OF DIETHYL MAIONATE PRODUCTS

Literature and Inactive ‘Active
Theoretical Values Preparation Premaration
Yield from sodium N )
acetate o .
Crude , 81.0% 85 2%
Redistilled 59 o 0% 08.3%
Boiling point at - (6)'1 o - U B
30-31 mm. g 101%, - 98-100% . 105-106%,

Refractive index

Saponification.
equivalent

Chemical analysis
c _

vy

Specific activity of
ester :

113 (20%.)7)

80409

52,50
7450

8el4 x lOf%;c/hgk.

10233 (1%

81.23

52 oy
776

vey

14230 (23%C0)

52 047
725X .
. .'.ﬁ‘ . ’,-
7653 w1 X077/ g
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GAS SOLID REACTOR
(CAPACITY=2L)
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CONDENSER

i
COLD FINGER -~ k!

REACTION TUBE

CHLORINATION APPARATUS.

Fig. 2
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ESTERIFICATION FLASK
(200 mi. capacity)

Fig, 3





