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ABSTRACT 

Diethyl malonate-2-Cl4 was prepared in 60-70% yield from sodium acetate-

2-Cl4 via chloroacetic, cyanoacetic and malonic acids and silver salt esteri-

fication of the malonic acido 

*The work described in this paper was sponsored by the u. s. Atomic 
Energy Commission. 
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The work dEn:c:ribed in thiB raper 'WaS spon.so.red by the u" s"' Ato.."lttc 
Ene:r~gy Commlssion .. 

Diethyl m<'l1o!2.ate is a '\velJ known synthetic: intermediate,, but :r.e1ative1y 

l ""'tl kh ' •·" t~.- . t' C' ~· th·1 l ·t 2·CJJ;-.:tl.'. e t..;or • .:a~; oeen :r·epo:ra;eo on · ue r:Xr,eps.ra ion o.~.- cue . y,.,. .ma .• ona e'"' -~· 

for use in :lsotop::h~ t.racer stud:tes ... 

in 19% yie1d by the condensat:lon of e:thyl ac~rt,.:ite=2=C 14- 1rdth ethyl o:za late 

and pyrolysis of the resulting ethyl axa1acetate.. Gidez and 
. (2) 

Yarrwvsky -' 

then este:r·ifica.tion of' the ~':.aleium malonate salt with dry ethanol i_n the. 

presence cf anhydrous hyd:r·ogen chloride., 

l ~ 1- · •· 2 c14 , d h · • .:! • ca "on.:tc~··~~ ac~ .. as oeen pret:a:rea l..fi d 0 
,, (?6'" 8'4"1 )(l~.3) b. goo y:teu.a ,, ;o, p u:t 

esterification is often difi'i<mlt o:. the s~ll scale required for isotopic 

tracer tJork,, In the present work malonic acid synthesis by a method similar 

to that of Gid(lZ and Ya::rnovsky Hent smoothly~ but several attempts to 

esterify the calc5:um salt resulted in .low yle1ds of about ,3(},0 a However, 

the reaction between silver malonate and ethyl iodide proved to be a sa tiS=· 

factory means of esterification, and a procedu::re was developed which yielded 

60=70% redistilled ester from 20=~25 millimo1es sodium acetate=2=Cl4. 
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EXFERD1ENTA L 

Diethyl malonate~2=Cl4 was prepared by the following series of reactJcns 1 

using modifications of t.he methods of Hughes and Tolbert (4 ) and 1tiei::e1' ~ (5 ) 

,.J.4u r rvl-'1'\Ja v ....... 
3

vu .' 
-1c1 I.- - rc-· •• -~~ t- ···-V..L... .. .... 1 vU ,;..., 

~~. 

a nhyd:rot::..<:~ 

NalJH -> . c14E
2 

(COCNa )2 

• • " 01. ... I" "11;.. Anhydrous acetic acid was p:re~-:ared l,)y treatlng aP ... "lydrous sc;t~Jum aceta .. :e=2.""'V 

(2.,0 ge<J 24e5 mmoles~ Oc016 p,c/mg .. ) ~orith about 36 mmoles of anhyc.:rous hydro= 

gen chlo:ridee Sodium .acetate vras placed in the removable bottom of a gas·~ 
·- ' 

solid reactor (F'igure 1) and the ap:raratus ree.ssenibled with silicone lubri~ 

cant and attached to the high vacuum manifold., The last traces of water 

were removed by evacuation to a pressu:r-e of 50 microns., A 5 1., storilge bulb 

was evacuated and then filled 'With tank hydrogen chloride which r..ad first 

been dried by passing through a concentrated sulfuric acid bubbler and a 

p.1.osphorus pentoxide tower., About 36 mmoles of t."'J.is hydrogen chloride was 

admitted to the gas solid reactor by carefully opening the stopcock of the 

reactor and measuring a pressure drop of 130 mm .. Hg in the 5 1.., bulbo 

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 the. t the acetic acid distilled into the 

bulb and did ~not drain back on the hot solid,. The cake of solid Has loosened 

by gently shaking, and heating continued until the solid became pm·rdery grey,., 

After cooling, the apparatus was connected to the vacuum manifold and acetic 

acid distilled .~rr Y!a.QY,Q into a liquid nitrogen=cooled trap(' The trap was 

warmed with a dry ice ... isopror:anol bath and most of the .excess hydrogen 

chloride removed by evacuation., Acetic acid W'd.S distilled in ::Y:~.l!Q into the 

chlorination apt:aratus (Figure 2) which ccntained 30 mg., ret: phos·,:·J.l;o:~u:>, 

15 mg.l iodine and 0,2 mlc acetyl chloride,, 'J'he reaction mixture H3!3 heated 

to about 40(> to allow any t.Jater present to react t-1ith the acetyl chloride., 

Suitable precautions were taken to aceommodn te any excess pressure.;. The 

bottom of the reaction tube was cooled in liquid nitrogen tmtil all easeoun 

mate1•ials were collected,, The liquid ni t:rogen tvas then :replaced by a d:r·y 

ice~isopro~nol bath and excess hydrogen chlor•j.de removed by evacuation" 

The a~1ra:.ratu.s and its f:rc)zen contents vmr;e then transfe:.'red to a fJteam bath. ,. ,, ~ 

and the condenser was filled with dry ice~"isopror-anol and opened to the at-· 

mosphere through a drying tube~, Chlorine gas was ~:t3.ssed through a concen·-~ 

t:rated sulfuric acid bubbler and a phospho:rus t::'lentoxide tow•er and then bubbled 

through the reaction mixture at 100° for tvro hours Gl The condenser required 

constant refilling vlith smo.11 chunks of dry ice to prevent loss of product.., 

Toward the end of this period a yellow solid U."3tullly forrned in the arm of 

the tube~ The .:nb:ture was allowed to cocl an.d solidify, the dry ice ... isc-

pror:ancl mixture was drained f:rom the condenser and most of the chlo:dnf; 

allowed to excape by evaporation'!> The condenBe:r stopcock was closed nnd the 
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:;.·eaction tube immediateJ.y immersed in liquid nitrogen to prevent pressure 

build-up. The chlcroacetic acid product vras distilled into the bottor,1 of 

the tube by filling the finger of the condenser Hith boiling water and gently 

flnming other exposed· }1'\rts of the apparatus:. One milliliter of t-.nter \;as 

added, the mixture warmed to ·r.oom·.temp¢rature and residual chlorine a.i.Jo~Ied. 
. . ' 

to escape through the stopcock.. Irm~ediate_ly after chl9rir;ation; t!A: p:cCJ,.,.' 

duct was transfe:r·r~d :with. 50 cc. of'··~iater to a -200.·t!c ... ,::.~ound-bottomed·~f1ask., 
. ' ,· ' ·, . . 

warmed to 50°C .. , n'eutli-alized 1d th s oditu·7(earboriU t~ (r:wn6hyc.~d~e l 1,/1. g>", 
,· - . ·.! ·. :- . :.'·· > 

13.7 mmoles) and tl1en· .c6ol'eq ~- . Sodium cyanide\ (1.~ g ~~ ?4 .4 tru'lloies.) 'c:Us-
• • L • ;: C ", ' • > • ':. .,· 

solved in about 10 cc .• vrc;.ter was s19wl~ adqed .. to the rapidly stirred r:l'olutio:J~ 
. ~:: . ·~ 

~orhich 1-.ra.s ·cooled if the, reaction became too.iexcthermic,. 'l'he· flask was heat,~, ·. 
' . ~ 

. . 

ed on a. steam bath for.: 1 hou.r to insure comp+etE} reacti-on., The solutitm 

was cooled and scdlU!Jl hydrpxide (i .. O g~, 25·~0 :rmnqJ.e~) slowJy added.Q ~L'"pe 

flask vre.s heated-on·~ ·st~m bath :j_q;a.hocC. m1s1steam bubbled throughlheso]:!l-

tion to aid the removal of a:rnm.qhia. A .stream of· a~r ~:as bloHn across .tte 

liquid su:rface to i}1crease the' rate of evaporation and the~eby control the 

total volume of solution.. Hydrolys~s was 'considered com9lete when the va1Jor 

was neutral to moist litmus· (about J-4 hours). The clear yellow solution 

was filtered through sintered glass. to remove a snall amount of dark brown 

nrecipitate and collected in a 2oo; cc.,, round-bottom~d flask containing a 

side arm fitted with' a s:intered glass.'filter (li'igure -~) .. Silve:r· nitrate 

(8o5 g., 50 mmoles) dissolved in abo~~ 25. cc. water was slowly added to the 
l 

:rapidly stirred solution, and a. copi'ous.grey precipitate forme.dQ. 'J:he 

supernatant liquid was f':i.ltered thro'Ugh the side arm and the filtra,te tested 

l-rith silver nitrate solution to ins.ure the ~bSence of soluble malonate~ '~:he 
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precipitate was washed once \otith a small quantity of ~.;ater arid then d:r:.l.ed by 

evc:1 cua tion (overnight on an as pi:re.. tor and then /+-H hours on a high-vucuwn 

line) ft l:'~thyl iodide (30 cc ,.,_ 372 'mmcles) t-ms poured over the dry silver 

for t:i1!'ee hours and. then stirred ove:rn.:i.ght at roc11 temperatm·e.. DiethyJ. 

malonate and C)~t!ess ethyi iodide were filte:ted through the side-arm: into a 

cf 20 de~ 13thyJ. e'Ghe::· and the \.Jashings eombi.ned with thf; filt.ra te 4 . 'fhe 

f
, k .t. _, . ·, ... ' • 

:I!aS . a 't a 4mos.puerJ.(! 

vacumn distillation at about 30 .:JUih HgQ :Svacua tion at ~.·com te.mY~ratti . .i:'e 
. • . J . 

for 1/2 hour .:~;·emdved the residual ·e.'ther and eth~.d J.bd:i.dc, ~n<l tlie!J- the bulk 

of the lll'oduct was distiiled at 97.;.J.OJ°C,. Th:i.s di$ti1J.u"!",c t.f.ls collec'l;ed .i.n 

a ··30 ·ec'.a.. pem.·;.·clhri.p~dflask whH;hi-~t\s. then assembled i'or another va.cuu.m· 

d.istilJ.ation r1t .30·mm, 1ig and the fraction Q.ist.Uling at ;l05-106°C., '"<ls 

collected., 



ANA LYS JS Of...D IET't:IY L_ MA IQNAT!l_ill.QD UC 'IS 

Literature and Inactive ·active 
Theoretical Values Pre}:Bration Pre~rati on 

---;lo- .... :c :r.-

Yield from sodiu.-n 
acetate 

Crude 81.,0% 85~2% 
Redistilled 59o07b 68,3?; 

Boiling point at· (6) 
3D-31 mm. Hg 1010C .. 98-l00°C o 105~106°6 

.: "i 

,,. 

Refractive index 1.1+143 (2o0c.)(7 ) l~A.P3 (21°C .,) 1.!~130 (2-'0 , .. ··) ,• 

;; .. ' >J ~-· • • .. . . 

Saponification .. 
<31~23 equivalent 80.,09 24'.36' 

Chemical analysis I 

c 52.50 52J.4 52 e/+7 
H 7.50 7.76 7o81 

., 

S-pecific activity' of 
l0-3J~:c/mg •. 

. .... 
ester 8el4 X -- 7o63 "'. ]0~-' ...:'' •.••. f:-";. 

i. 

i 

c1~r1g 

~- ~ 
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GAS SOLID REACTOR 

(CAPACITY= 2L) 

Fig. l 
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CONDENSER 

CHLORINATION APPARATUS. 

Fig. 2 
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ESTERIFICATION FLASK 
(200 mi. capacity) 

iTig. 3 
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