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TIGATIOR OF « REY KUTHOD FOR THE
PHEFARATION OF SUCCIELIALLMHYDY

TETRODUOTIOY

Inteyrmst in the prezsyretion of saaaimﬂial&@hyﬁﬁl has
bean sreatly aletted In regent years by ita spplication in
the preparstion of therareaticeally useful comrounda containe
irg the tropene nueleus Tollowing the work of Robinson,

m4llstatter, ladenburg and others.

Ferrars the first sentlon of suseindizldehyde In tiw
enemtarl liternture is that of Saytzeff (1) in 1073 wh
elaimad to beave prepsred 1t Ly the reduction of sussinyl
eiloride »iih sodins smelgas. Ib was ahown later, hovever,
by Tislieerug (2) kst Jayigeff Jd1d not have the disldebyde
but ¥V ~butyrolaetone,

In 1884 Cisosielan and Dennatedt (3) preparsd suceinii-
aldeximes froa pyrrole by trestoent »ith hydroxylssine Lydro-
ehloride snd sodivs esrbonaste,and in 1801 Herrles and
cowerkers (4) (5) conmverted the dloxime to the disldetlyde by
treataant with nitrogen trioxide,

Zinoe that tize the preparatior hins Leen reported by

varioug sethods. Yokl and Sochweltzer (8] in 1306 sleoatrolyeed

o
4

cotassiun 3all of :mlonle semieldelnyde Jdietivl noetsl to

L e pame "sussindisldenyde” nag beeose “y usars the
pre feprroad wvﬁvw%a natle ramne fnv butsnlliel-1,3 raltlior than
the more proper "auscimaldenyde.”




chtaln suceindialdelhyde tetraethyl sestnl wvhish wes hydro-

lyeged to the froe aldebyde:

LU 5 A » Fyed

’&w@m&&ﬁm ) . %ﬁ A

CHomCRGHY ~————m—> C1CHCHAOH (00pHg Jp =———>
nel d ;
EimG ai&atrmiyga
BOCTCHp Ol (0lplig )y =====> KIGOCHpCH (00pHs )p >

O D0n R } wd e 1T
wilgphalt J%ﬁug © i Wit Lo
, o oy » E ) ' g I 5 !
CHnGU { Slpiig } g Hgu CHaURG

Hereilly and Bleise (7) in 1904 isolated s amall amount
of suseindisldenyde smmong the oxidatlon rroducts of eertein
unsatureated asida,., Harries {(B) ir 1308 prepared 1% by the
hydrolysis of eyelooctadiene 1,5 diosonide.

Sugasawa (3) in 1927 obtained the dleldehyde by the method
oF f“ohl and Sshweltper above but prepared $he internediete

potessivwe 2rlt of melonic semiscetal in 4iffersnt Tosghion:

tin Cp¥ig OB
QHzCO0UgHy + FICIC0pHy =wemm—ee> YaUOH2ONC 00Ty m——
(CoBg )p0 HO
£
-, L5 I Hr oy g s i Fa %;5 j?‘f " § 3‘”’{3t r‘:ﬁly’ﬁﬁ
(CoBigl ) pluCiplolingls W {(Sglad }plliCal: - >
ROR
Clelr (0gfe )y BY  cmpomo
> |
CHpCH(Cpliply Bpl CHaplRL

Eeimatsu and Yokote (10) in 1927 uamd nmoetylene, artho-
formie eater and ethyl magnesive bromide followed Ly reduet ion
of the substituted acetylene obtained to get the tetraetiyl

agetal of aneccindisldehyde:
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LLIOSCUSSTCH

Tie method for bhe preparaticn of suseindialdenyde in-

rderngation of tvo moles

vestigated in thia reassrel iz Lie o
of etihrl forsmie witlh one mole of etlyl suecinate srd sulae-
guert bhydrolysis and decsvboxylsblon of any 41forupl euccinis
astor forwmd to yield the desired dialdebyde,

Foraylatilon of compounds eontaining setive hixdrosen on e
sarbon alphs to an antlvaliling oroup agoh ag serlonyl op oyanide
by nesns of fTorude ester in the cresence of » gullsble L=aio
rordenaling arert 18 & co1l~known appllostion of the oloasisal
Clalgen rescticon.  An cxesllent review of thds type of rosg~
tisn imeludling bie latest weepaniss 1z ziver Ly . . Hsuser
nred Be Me faigon in QLepter 9 of Urganle Zesctlona, Vol. I

. J’@ﬁ}a

“ialleemis and ecoworkers (17} in 1208 acondenasd ethyl
Formate and ethiyl suosinate by uespr of sodlus to obialin sihyl

1 yezxobiang

i

monsforarlsuscinate in 60707 rield. lroperiies on

§

Gf this product were studied 4fneludiry itas hydrolyels to
A=furaylyrorlonie aeld +hieh hed previoualy been prepsred by
Frrkin and ‘rr%rk}tr w1050 {18) froo the sadium enolabe of
melonie maztey and bLromaoctal »ith sublseqguent Lydrolyvals of
toe sgteopensots’l obiained,

sarpisre in 1912 {(12) srnd lster 4v 1921 (27) esrried out
tie gane gondensstion uslng aodiun etiioxlds inatesd of sodiun
actals  The Toermaylgveoinie eater waa opdrolysed ¢ /3 syeay -

rroplonie meld Yy oennsg of sgueouns oxalie aeild.



This seme ocondemsstion Las Leen reported by several
othier workers in the oourse af thelir resesrehes. Thus Folya~
ktova and eoworkers (21) in 1839 prepared stkyl
succinate using sodiun wrthoxide in the sourse of thelr work
on the synthesis of pllocarpine.

o referentse hag beon found to erny extension of this
sondensetion in an stiesgt to prepere the diforuylsuesinie

wonoeforoyle

estoy.

owever, Yisliscermus and ecworkers (28) in 10820 condensed

ethyl oxalate with ethyl sucelrmbte using sodium ethoxide and
obtained elther ethyl oxalylsuesinate or ethyl &, & -dioxalyl-
suesinate (sodiws salt) with good vields (ea 70Z) in esch
CREN .

In the ressarech here undertakern, the following sapee
wore considered in cutlining the work:

1+ Seleetion of the sondenaing agent.

2. Conlitioms for the resetiom ineluding resctant

gg:giizésu* sodius, teamporature, and time of

5. Isolation and/er deteymination of the intermsdiste
a, A ~adifernylsuscinle ester.

4. EHEydrolysis of this intersediste.

s Isolstlion snd resovery of the desired disldehyds
hydrolysste.

Alsahol=Tree sodlus sthoxide wag fﬁwa% eholes for the
condensing agnnﬁ as it heas ymavmm m@&t ﬁﬁﬁ?ﬁi in sinilay cone
densations rﬁyewt@ﬁ.im ﬁﬁﬂ 11tmrmtﬁw%.

The aﬁtiam a! &mﬁiﬁ% oLhox 1de on athg& formate is =
fastor Lo be &ﬂﬁaidaw@ﬁ ia.alaznaa aondongat fons with this
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ester. A study has besn wsde by P. Adlekes, . Schafer (23)

{24), snd others on this resctlon without o eomplete slucida-~

tion. Hovever, the sguilibrium

| ¥aoCgils .
HOB0OgHy goweww—> OpHxOf ¢ CO - 83460 onl.

seeus to be established end the desomposition iz quite exten-
sive at ordinary temperstures. HEepee e lower temperature {0)
wounld seem to be indieated for =203t suocesslul use of othyl
formate in the Claisen comdengation, rrovided of sourse that
the equilibria of the desired condensation are attained im a
ressonable time al gush Leapersture.

#ith the sbove In wind, the resstions wers gererally Mun
st ise-~bati tesperstures for a Mather long time with an excess
of ethyl forumate present, YNther wus the resction medius need.

Isolation of the intermediete othyl A, alwﬁivf‘amlwm i=~
nate from the erude resetion Mﬂﬁw was not secounplished,
btut an attempt was wmede to galin sowe indieation sz to the
mamownt of this deaired interasdliate yresent roletive to the

monoformyl ester by (s) deterainstion of csrbon Ajoxide liber-
ated from decsrboxylation after hydrolysis of the resction
sdxtures and (b} titration of the earbonyl grou

8 using
wydroxyianine hydrochloyide snd brosphensl blue indiostor.

Hydrolysis of the ¢rude resstion mixtures was effected
with 0.5¥ hydroehlorie seld. The suscindisldehyde wan
regovered by ether extrastion snd isolated in nearly pure
rors by dist 11letlon m vaeuo.

The resctlons under Iinvestigetion are sucwmri
follows: |

zed os



600CoEs GooogHs

CHg HaOCoHs CHCHO
lﬂ% # ZECOLCpHE wwwsweed | ¥ ECp¥EglH

| l
COOCgHS GO0CeHg

i‘f@ﬁﬁgﬁg Gﬁ%é}

?@sm 4+ 2 W ?% + 200g 4 2CaHON
?E%{:ﬁ& fat ¢ %
CO0CoHy ("o

In addition to monomerds suesindialdehyde, st lesst four
polymeric forms have been dessribed in the literature (25)(5).
The monomer 13 3 1ight, mobile liguid of asweelish wmt stinging
odors bepeygo 169-170° (a1leda)s bepagy 65-7°; DIB 1,089
B8 162307, W21 1.42017, W30 1.42667 (26)(28). It ia essily
soluble in all the cumson solvents.(4), Its vavors sre corro~
sive to the skin and mmeocus mesbrane (4). It is unstable in
éilﬁté acid solution and exgeedingly unsteble in dilute
alkaline solutiom (4). It polymerizes mﬂuy on etanding,
especially wsder the influemse of moiature, to a .glaway Form
but will remain liquid for e long time in the dry, cold state
in a well~stoprered container (26). It gives an interse blue
eclor with Sebiff?s reagenmt (4), reduces Pehling¥s sclution even
in t&m eold {4), and yields derivetives with all the usual
a‘m@m reagents (26). maamm by potasaiuvm permangenste
destroys e a‘:r;«:&#wm -{(ﬁ}, z#iwwa t' aeld yields suseinie seid
(27), =nd mitrie scid yields oxalie seid (5). Sodium awelgewm
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Sround glsse eonnectlons were used where possible

Bun f1. To ¢ meles, of slschel-free sodlwm ethoxide in
1500 ae. of otier ecocled In an iee Dath wes adde

4 1 mole of
ethyl formate, then & aixture of € moles ethyl Formate and B
moles ethyl suseinste during the sourse of 1} howrs. The
mixture was atirred during addition and thereafter for B}
bsure st lee-bath tenperature. ;g L5: 1. ail@wﬁd‘ta atapd over-
night (12 nra.) at roen temperature snd was then stirred sn
additional 4 hours. The alxture was s yellow-brown, cloudy
liguid. Tols was poursd cver 1100 g. of iow and made acid
to Congo Red with 2307 sulfurie aeid.

The 1ight yellov ester lnyer was separated and the
agueousd layerr extracted thrse tines with 800 as,. portiona of
ethor.

The combined ester laysr and sxtraet were washed several
times with 160 ee. portions of water to remove acld =nd
plaeced over arhydrous aodium sulfate with s l1ittle eslelun
sexbonate and let stand overnigdd in the leebox.

After removal of all amterial volatile on the steam
bath under watery pumpd waeww:s, there remsined sbout 300 g. of
& yollowlsh, slightly tidok liguid with n fruity ester oior,

This liguld wes distllled in vaeuo under nitrogen and
vielded ﬁ&@(gfigf d3stillate bolling at 183-5° et 30 nm. and
& dark residue of ea 100 g. whieh 4id not d1sti) st a bLath
tempersture of 218° sand n pressure of 10 mn.
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The boiling polint of this liguid indiomted that it was

rrobably moneformylsuccinie ester, and the following tests
@@ﬁ»ﬁ@?ﬁ?&@??ﬁa vapified tils conelusion.

& atrong §q§1t1v$ %Qat'waaaawﬁaiﬁ@ﬁ with Sohliffta reagent
snd & denp yed oolor w%ﬁ&'fwwr@ﬁiﬁhlnmidn solution,. The liguid
wns soluble alncab ﬁmm?l@%&&y im,pﬁhaaaxwm\@arn@ﬁmma, insosluble
in water, easily scluble in slechol and im ether.

A ecoprer derivative wea forsed by trestzent of & 50
rloobolie solution of the sster wilh eoprer seebate solution
- DElE groen, smorphous, mepe 132-4" ., “ialicerus' value for

the esopper salt of the monoforuyl ester e 152«3° (17).

& penitrobenreyl derivative, green nredles fyrom alsokol,
mited ot 108«8° compared to 104° repoarted by UWislicemus {17).

% benzoyl derivative, pale green needles frosm petroleum
etlhey, wolted ot B5-6° (¥islieenua' velue, S7-2°) {17).

Tha nilekel derlestlive, prle green amorphous meterisl,
melted st 218-0° (2lzlicemus' walue, 210-20°) (17).

A& portion aof this ester was redistilled to was in apm st~
teupt to affest the sesond stage of Lhe condensstion be the
diformyl ester as s separate step (see Bun f2)., 150 g. boil~
ing 126~140° at £~10 uu. were collseted. The wide bolling
range tere 18 probebly explsimed by the ketowenol tautomerism
of the ester ainee about two weeks eclapaed Lotwear the
initial recovery snd the redistillstion. Carriere (20) som-
ned that there is about
BOE ensl form present in the equilibriua mixture after
“several days® standing.

mented on this phenomenop and determi
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™he redistilled produot was completely acluble in 287
‘potasaium earbonate.
| im stteapt to make a recovery from the dsrk residus
after the initial distillistion of the erude resction mixture
of Fun §1 wvas unsucsesasfl. Any diformyl ester present was
probably lest in this residuve.

han 8. To £ mwles of alocholefyee sodinnx sthoxide in
500 ee. of etier cooled in san ise bath wag asdided a mixture of
1 mole of othyl susceinate ard 2,86 aoles of otbhyl forsete
(0.5 mole excess) aver & period of BO mirmtes, with stirring.
3tirring wes cortinued with eocoling for 4} hours and T addi-
tional mwles of ethyl formate were added. The mixture wss
alloved te stand 12] hours, during vhish tlme 1t came to room
temperature. It was then stirred for & hours and allowed to
stand 29 houra. The total reaction time was thms OF hours.
ﬁa&ﬁm%xfg ,af: t!w m‘m rma&im produst waz as for PRun #1
and ylelded 160 g. of pale yollow liquid after removal of sll
amterial #Mm%gi!;& &t ﬂ;aw& M’kz:z tenmporature under water puup
A M&ﬁmti%m of earbom dioxide from the decurboxyla-
tion of the hydroiysate of a smmple of this resction mirxture
wal yun. Nitrogen gng was passed through s bulble counter
and introdused into the hydrolysia Ilasl beneatlh the surfase
of tie liquid. To the flask was conneected » reflux condenser
from the top of which » tube led to & trap cooled in an ice
beth and conreoetod o & Irierite tube in Lrelm with an

Asearite abaorpiice tube, = wible eounter, and Tinelly a



protective Ascarite tube. In the hydrolysis flesk wes plaged
1 w&igh@ﬂ_ﬁ&m?lﬁ of Lh» reaction produst with £ eec., consen~
trxﬁé&?ﬁyﬁﬁauhimyie;ggxﬁ.mmﬁlﬁﬁ oes of water. The nitrogen
gea Q@%&&éAété-éaﬁ%ié yﬁtyénQ”%r5agﬁtgting the hydrolysias
mixture and sweeping cﬁﬁgﬁ&g saybon dloxide svolved. The
mix@aww‘wka'ﬁéméﬁé'&ﬁ thﬁlééeiafﬁﬁﬁﬁAfar S houra. Almost all
the carbon diexide was evelved during the Cirst 3 hour of
heatings. 4 8«10 g. sauple wes used. Two cleal runs gave
23.9f ssrbon dioxide on the sample weight taken., The theo-
retieal percentage for the monoforayl ester {1 mole esrbon
dioxide per mole ester) is 21,87 snd for the diformyl ester
(2 mwoles ecarbon dloxide per wmole ester) is 38.3%. If it 1s
rapumed that the reatstion produest used Lere wag conposed
entirely of thease %two esters, its compositlion was 27.5¢ mono
and 12,.8% diforayl cater.

A determinntion of free earbonyl proupa in the erade

reastion produst was uadertaien by the hydrozylszuine titra-
tion wethod, %o & 1«8 g. sauple was sdded B £+ hydroxylamine
bydroehloride, 25 ee. distilled water, and 20 ce. P67 alechol.
The aixture ves warmed on the steam babth 15 mimmtes with
frequent sheking, cooled and titrated with standard alimli in
the presence of 5 drops of bromphencl blme inditstor (0.047
solution). Blanks were run and alsc oheol Jeteruinations on
semples of the rediatilled sthyl monoformylsvesinate from
Bon §1.
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the end of this b g It wsza pooled, rneutralized with sodium

bioarbonste, arsd sxirscted alr timea »ith 40 oo, vortions of
abtier, The cosbined extruast weg drisd over aphydirona acdium
Fulfste with & svall copunt of eslelun carbonate in the fee-
Box overnisht. The volstile golvent wea peaoved ot rodey
tenperature with erier rump sanlration under dyy nitrogen znz,
Teaving & realfue of sbhout 4 e of puale vyellowiszh Minguid with
sr exteelinoly sherp, menetrating olor reninlssent of fopo-
aldelyde.  Thls 1igulld wes d13113ed in weeus undey dry nitro-
won mag epd the fraetlon Lodllng 61-65° st 10~10 ma. wes
collepted ms sueoindinldeliyde. Harries (4){(22) verports the
Dele Goms’ ot 11 TR . el e wrpe abteinnd, & yiﬂlﬁ of

o 3 3 .. .
50 Lmaed on thr etlhyl succlinate uged,

The physica)l sod ohenicsl properties of tihe liguwid indie-

G

sted et 1t was rearly pure suenindisldeuydn, It waes a2

wabter-vhite, =obile llguld of exeeeodingly sveebtlah Lut aharp
. . , . 3] ! .

alore The refractive Index H%Y e 1.4808 waa detersdined for

tihe Preanly dilstillel sulstante. Afker thres waels Bh had

S, k-4

el - ol
inaresaed to T e 1.44008, forries (24)Y(20) renorts T
E

v : 25
g el R g F AP TS " o I A g nl
14287 BN ‘Lu Y e 1 L4EE2087 Tor bthe monome E AN art WS e 1 LAT04D
F A

for tne pelrmerle slassy fors. & brillisst Blue color wes
Sbteined with SoLiIlfYs reoagent, and Peliling's solubtion wes
redueed in the cold (4).
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The yields of the erude dlmsedon snd pe-nitrophenylhpira-
gine derivatives were TO=J0L of the theoreticel, inelysis
of the dimedon derivative gave the [ollowing results:

20,71
15,21 sz of vater,

C = 7T0.808 H = g.288
B2.19 mge of sample gave E7.55 mg. of carbon Jioxide and

mze of sample gave 53.T3 mg. of carbon dioxide and

18,37 mz. of vater,
a €z T0.78% . B e 8,288
| 15 .58 ag. %f; an gave :!;’;G.T'!?' ;f'mgg;m of ouybon dioxide snd
14.58 Age of mmw. _»
¢ = 7087  E = 8.39%
Celoulated for Cye¥pnlg -
C = T0.785 H = 8.85%

Fun #3. This run wes uade uaing the mondformylsuesinie
ester from Hun F1 as the starting product In sn sttempt to
sundense another mole of othyl foraste in n second step,

To 0.3 mole of sodium ethoxide cooled Ip an ioe bath was
added & mixture of 0.3 mole a*fmim@agini@ ester and 0.45
msle ethyl formste (0.16 mole exenss). The mixture waa s'tiv*
red 6% bowrs =t € and sllowed to stand V7% hours during

whieh tioe 1t same to room tesporature, Appearance of the

resotion mixture was mueh like that of previous rums. Lecovery
wad the sams ns ToX ﬁm& #2, vielding 62 g. of material non-
voalatile on the stean bath under water pump vacium.

Carbonyl titration geve a vslwe of 1038 esloulsted ss
wone formyl ester and H6F onleulated as diforsyl ester. This
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of the corude resetlion

vielded 1.0 p. of liguid
8 » 71,4242, in ecual
ot this pressure weag 8130

Tie wield of Jlaldengde based on the 1.0 g. of the purer
fraection is og 107 of theoreblesnl froo the 0.3 swle A=Tormyle
guesinic eater uzed,

Pur 4. Thiz yun wes sade us
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]
ERe
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cdde with sulficient exersas ale

e o
E v [ et
ing 507

g

ooz sodius

ohel to obtbtain 8 golntion

cf the condensing agent. This emables aueh nove prapid rye-
paration of the eondensing agent, and the exenss alechol
gropld have s retapidng effect on the decoovosition eouililb~-
rium of sthypl wmite with scdius ethoxide,

T8 meleg of godlys ethoxide vere nrepasrad using 4.5
soles (T340 moles exeeas ) ~thyl alechol. To this wep ndded

I oowles af ethivl forsmte (1.2 amole

Ty e E Likd ~ PR
“%-»(J}’i{ﬁﬂ’l ‘}«.aij« o -ﬁvfaﬁ% CHOS RS ?,Jngf%m

at doe=bLaklh taonrepature over & 10

reant lor svnued but a nale

of ethyl succinste was then intyr
sood stirrinzg. 4 dreper wollowe-lro

Fellow colory deve

s oxneeas Un

moed
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oy the
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on L ethyl

auseinnta)

~airuate reriod. Ho vicorous

g . o . iy o
Tared, Cu.0 uole

duringe 10 minutes with

aped

v . N " oS 3
Sbireping in the leo babl was coriinued Tor 2. rnours, snd the

reastion mizture wasg bhean 9l lowed

tag starnd in

SR T TN s i 2 sant N " Y -, § oy Ny e - 2w,
59 bouars. The wmlixture wan a s1isk eloudy, wollow-Liyown
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solution mueh like those of previous runa.

Besovery wag the amse se for Bun #2 end yielded in )
of srude product.

20 g+ of this produet was hydrolyved as for previcus runs.
Tiher extracticon and vacuvusm Jistilletion ylelded 0.9 g. of
suge indlaldehyde soncertrste boiling 56~85° et O-10 mm,
pressure, Wo¥ w 1,425, Thnis 1s an 11.57 yield besed on the
ethyl ausvinste used.

Thus the sxcess econdensing agert in excsss sleohol would

sean to be sdverdagoecus.

 The sucelindialdehyde concentrates were kept in well~
ataga;mm 5@@%:&% in the ieabox 2t all times. Thiekening
with mm sontract fon in w‘lm waa a%uum& sfter three or
four mﬁm, ssmﬁ hm ?m&@m, g‘&may Mifia&tmﬁ rens Ined
after one to tws months.

The boiling pofst, refrastive index, qualitstive tests
and yields of derivatives indionte & purity of certainly no
less than 755 suseindisldebyde. om this basis, the yields of
pure dialdenyde for the various runs would bes

| Yield

un #2 T
Run #3 7 8%
Run §#4 B.6%
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1. Suceindialdelyde has been obtelned in 7107 yisld
by the sondensatiom of ethyl succinste with ethyl formste
followed by hydrolysis and Cesarboxylstion of the intermedi-
ate diformyl ester.

2+ The intermediante &, O(~ﬁ££axmg1$uﬁ@xa&a ester sould
not be isolated from the ¢ondensetion reaction mixture.

3. The use of an excess of sediwa ethoxide vondensing
sgent relative to the ethyl sveeinate snd an execess of ethyl

alsobol relative to the sodiuz ethoxide iz sdventsgeous in

thin reaction.



PART IX

STUDIES oN THE IEZFAR:TION OF Q, 0 ~pIPORNYL
SUCCTRORTTRILE

The first preparation of X, X ~diformyl suceinonitrile
was by H. L. longley (32) et this University in 1942, The
sotlod wesd wans the condensation of ethyl formete with suo~
tinonitrile, sodium ethoxide belng the condensing agent.

i survey of t he ghesfonl litarsture pertinent to this
exanpls of the classioe) Clajisen rosction bhas been mwm
by Longley (52) and w11l not DLe given here.

In the greparyation of this l,4~-diosxbonyl coapound,
longley @wﬁm considerable 43rfisulty in the resovery
of the product from the cordemsation rédetion.

This resesrch was Mawmn to inveatligute mothods of
recovery and, if possible, to improve the 7ield obtained.

DISCUSSION

The resstion betwesen othyl formste and sueoinonitrile in

the presense M‘ gof lum atmmm to ymm a,aw&i

auoen m@nﬁxﬁia pay ba mrmmmm ﬂw f%mwaz

W Lotoew
| o T

CHg . ~ 0 o CHCHO

- 3&%%
[~ 4 zmeco | # RColgOR
CHp %Hﬁ' ?ﬂfmﬁ 2t
on ox



r3
i

/
K, X=Liformyl gutelnonlityrile 12 » white to gale pellow
32134 erystaellizing froo water in sqall, shiny peedlea. Ik

e e ; % iy e
darkeng slizhtly stove 181 and decomposesg shmrely =t 100-0 .

The cvipeips]l fastors conaidered in the irvestigation of
in reaction were:

le ifrevaprstion and marificstise of the roapsnt,

@ Uhoiee of aondensing asent.,

S Tiw resotlon oediunwm.

s of e resciants and the t Lue
> the resot ion.

* , m LR o oy #
5e *%&%myy *@ﬁ;@ ree ClTormyl com-

By Furdfication of the diforuyl conpoand.

Ty proeedupres Uop the
the resserta are glver dn th

The prepasration of suoolnon

aedivm ervanlde in aleoholle smwdlum 18 rssentially Lhat of

Fpucsnnier {821, Chlorofora extraction wan Tound to he the

st nethed Sor yaaoverry of & sucoinonliterile fros the
goadinm broeids resetion

Joditun sthoxide ong

is wlwost as sabtislfactory,
ssnegislly foar saaller quantitles. 7The resetlon in toluens
apparently do02 not prooeed quilte as wisorogsiy on Sirs

& YR R L e b 4«.;{ »Zﬁgﬁ o R J».ﬂ} ;X, gk ﬁ,ﬂ ﬁ 3 a.i%v‘ P ﬂeﬁ T iz‘:&g{f}_ uﬂ;ﬁ »} l,ﬁv C},m; FS ,;;,.i \».1-2:

wdxing the resebtants svd tesnporature comtyrol i3 eagler,.
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The same considerstions hold as to time end teapersture
of resetion in condensstions with ethyl formate and sodium
aﬁhnxiﬂ@ ny disoussed in Fert I of this peaper. (see page &)

Siaple acidification with sinersl se¢ids or with seetie
seid (either aguecus or smbydrous) of the condensntion reacw
tion mixture doss not esuse any seperabion of the free
diformyl pitrile. The aguecus wcid solution dariens rapidly
en standing. U"hen the 20lid sodius emolete is filtered out
of the resobtlon sizture, the same result iz obtaired on treat-
mont with seld,

Since the &iforwyl oconpound 43 only limitedly soluble in
common orgsnis solvents, 1ts sxtresction frowm the syuesus seld
solution is mot s rractical wmeans of recovery.

It wes Tound that, on sstupetion of the soncentrated
aguesus alialine enclate sceluntion with osrbon dfoxide in an
jee Lath, o white oryastalline precipitete wan obisined whieh
proved to be the nmonosodium enolete of the diformyl nitrile.
If the resetion solution 15 sonsidered to contain the discdium
enolate, the resction may he represented thus:

o CH
: 'éﬁﬁﬁﬁ§t. o o éwﬁﬁﬁ&a
| - $ COn 4 figh =~y | 4 KaM003
CalTi0Kn o CeCHOH
ex ox

Sarhan$§ 1 ghe§wrar¢ & stronger seld than the "secondery”
el group in Ehﬁ'dif$§myl nitrile but a weaker seald then the
"primery” one, and the monoscdium emolate precipitetes ocut by
virtue of its limited molubility in the e0ld aodium
Liearbonate solution.
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The free diformyl nitrile eould not be isolated from the
moposodivus enolate by siaple aeidification in aguesus o
asthyl slooholie sclutiom, eo an investigstion was mede of
heavier metal enclates whish wight be used as intoruwedintes
in sbtaining the free eompoumnd,

The lmad coapound proved wseful. This vreeipitstes on
pddition of lead acstate to agueocsus solutions of the sodlum
orolate am & white to very pale yellew amorphous solid. 1%
is very sensitive to hLydrolysis ond esnm not be precipitated
even in very dilste ssetie acid solution. Its lead content
varies with conditions af‘gw@#&&ikutxﬂa. Thus, shen 1t ia
preaipitated from s solution containing an excess of alkaly,
it contring less lead than when foraed in s solution of the
aonosodiva enclate. On addition of dilute acetic acid to 2

wetey suspernsion of the lead ¢

spound, hydrelysis ceours

i intely, and the free diloraylauceinonitrile iz presipi-
tated in fine, needle-like erystals.
Proz the behavior of the lead conpound

und the snalyti-
cal reswlts, it is very likely thet its ecomposition is that
of & besie monolesd enolste hydreted In verious degress. &
suggested formla is {(CaRgOpBp ) {¥00)(Hp0)y, where x a 2, 1,
or O The free diforayl compound can be resdlly sublimed
out of thlz lead coubination.

A B method of recovery of the diformyl nitrile Trom

the condensation reastlion smixture, the lead compound was prew

eipitated together with lesd bhydroxide

fron the soncentreted

aodiun enolate solution and tren saldified with aestils acid.
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Furifieztion o the A1 forsyl niteille wes accouprlished
sitrer by resprystellization Tron waber or, In amell gquantity,

by miblimetion in weuo.

%.v

A pouplete elusidation of the unugusl Lelnwlior of the
sodlus anolate of Shis G1fqrnyl econpound on seldl “*3;*\‘-3%».“.12 Tom,
wibh mrnd withwut intersediste forastion of the lead e.om o,
e veb to be usde, Howover, a carefal exsodnstion of the
oyiderse svallalle leadas to scse Interesting postulsbiong.

T existence of tlhe bsuboserle equillbrium betweon Yie
pete and ble enel forss of the compourd is laportont. The

following ouilibria sre possible:

et

ot
rR

“H‘ é.aup.»- ¥y

u*«&.,\ma.a

*l* A
(™ jﬁ)ﬁ

1

33—

bt

I I3 11X

another oguilibrivs =hieh moy oxist ls thst Letween th
1,4 ditydrazymethylene conpound (I) snd its enhydride, the
ZievancfMarane {IV):
Bl GO ﬁﬁ~ﬁ*~ﬁ*ﬁﬁ

I

oy CH - ngo Sy + lels
< \ /

|

SN &
O O o

I v
In strorg alksline szolution, the 31t of {I) would be
xypected to Do present, and, on dlreet aoldifiontion, fres (I

would flrst be Toraed. This would be expested to be quite
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me equilibrium with (IV) =doht be suoh
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that the Terambion of {II1) is rrescluded under susch sonditieons,
Tohe comverslion of &, X =31y W@t risuesinic #zter to Lhie eorpearond-
frg fursne Ly mesna of axle@ﬁ&x»iaﬁ neida 1la disousasd Ly

fmorr {(34).

Por=atiorn of Lhe

frow (1) msy sllow (T *o
form and e eqguilibrius then, on zeiddflention, favors (II1)
wihiel: I3 Jess solutle ond preeipibtates ont of wator solullon.

The acidifisd snolste solution (I) cives o very deep red
aglor with feryrle ehilopide, but e water solutlon of the free
eompoeurst {111} “Aves » much lirhter ¢cleor whieh deepsns only
8lowly.

Lebiffts ressont gives po positlive tagt In any onse awmd
Mhlingts redustion 1l negetive. Hovevepr, the cop; er deriva~
tive, vhen freshly rvocipitated fyom the sonosodiun enolate
snlution ad Lolled, derosits cuprous oxide. 31a1lsyly the
wiibe silver gslt Yoros acsentarily bul Laedistely Llsolhens
with setallic silvery deposit.

In no oeae i decclorigstion of broaine webter olhisepyved us

aleht he ezracgted fros the snal sounsunda.
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vrevayation end Surlliecstiorn of leazenta

iyl Torsste. Commerelal ethyl foruste was treated as

deserived on paoe P and distilled frow phosphorous rentoxide
famndistely Lelore wae,

Suerinenitpile. The sucainoenitrile waz nyoonred by resg=

Lion of etlyliene Dromide wiih sodius syenide In agueous

slestholie soslution ecssent i1ally w3 ot lined by Peuconniesr (33,

to thmt deseribed in Opssnie Owwibenss Pop

iasthrlens syanide {I5). Ohlovofors was
utiliged Lo extrael the nlbtrile “ron the erude renetlion uixe
tupre aml the dried axbtreob wes gonecentrated and Jisztillied in
yaguo. B1Erile boiling et 126«7° st 6T mme, seye S2-5°, waa
trken TGl usf.

sleghol«efran sodium ethoxide. This veapent was pressred

ag deseribed on yage P, Fart I of this paver. &A1) zrenaystions
were oripried out under dry nitrogen.

spraratng. The sonarstus used wag identienl with thst

degoribed for the Cleisen conderpsntions in Vapt I of this

LADOT .

The forndensation Teastion

il To sl moles of alcoholefree sollun ethoxide in
AT
SO0 eo. anhrdroas toluene at foe=batl tesrepature waz added
1 wmale of etlyl Torw te during ten winutes with rsprld stirring,.
thied reate pegulted, ard 00 ec. of eold, enhydrouns {oluens

were sdded Tor sreatesr Cluldlity,. Gof mole of sueelnmnitrile



diaaclved in 1 wole of oinyl foruete wag then Introduced oaver

e aixture sszuzed 8 pale yellowelpown

i
»
B
£

& ten=uninugte perlod

o

eolor alzost 1o ety whiien desrened only slicshily during

remsaining reestion reriod. Stirring ab loe-bs b e e -

Fiscd

taye wag porhinued for 20 hours, snd the alxture wes m 1Y mwed

o sbterd In Lhe leebor for U DoUrg.

partliona of the recetlon

A
&

tardng the lazt I hours,

wore rewsaves and varioua aU yegovery vers

feated. A pewll portion wea ndded to oa For grass of crushed
fee, the toluene layer separsbed, and the gold elunline
rrslate solutisrn aolidified In various vavs, Yineprsl scidsg,

potagsion acld sulfate, ol seetlie anld were Lplsed

guivalent guart ity {(Uetir]l Fed indlestor) snd in 314
recsd. Lirect sadition of meeollic asld to the toluene
aucapengion of tire sodium enclste wes slszoe tried., lo srrsra=-

tiorn of free difurayl nitrile wvas obaerved Iin any of

fa

ek
testa. The seldified aclutions darrened on stending overnizh

srothey pecovery trisl, osde by neutrelizing the covnesnbrated

sgucons ernolshts =ith parbon dioxide, yiclded 8 whidte rresipi-
tete of the senedcdiun enclate, arnd thila nethed of vecovery
weg waed For bhe asiln vortlon of the mixturn.,

The boluerne rescbion mixture was

aver 300 g. of
erushies lee. Tuen the tolucme layer wam separated and washed
with &0 ee. o7 2ald weter, smd the poabin geld allkeline
sguacoug zolutlons asturabel «itn enrbor dioxide over =

s ane houre The wiite erystslline 30110 which zeos)

filteped off snd wasgled ongo with 8 swuell ssount of fae water,
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ately and
vaghed geveral times wilh walter, s procedure whleh resalted in
gomm losg e o eobter solubhility.

Mot rortiorna of @olid rere dried as rapldly sz possible
e nhosrorsus pentoxide In wvasus st roowm Yespersture,. The

andn portion {rasied only onen) ws3 s alichtly gvey anors

rowder, the saalleyr portiom (well wsahed) was a pure white
sraralar produst. & total of 8 g. ons oblalined. Thisz iz s
vield of as 310 axeoncsosding erolate Lased on the suceinenitrile
when sllowense 18 asde Fop sbout 57 of the reactiorn aixture
used IAn recovery tosta.

The wilbe, wellevszied portion of the pruduet was Jdried

&

, a . , / o . | |
L oheours sver phosporous pentoxide st 100 In vaeuo and

srslyeed Cor asodiunm sod nitrogen. LHodium was deteraired by
firestior of the suaple in 2 plstinis erueible »1ith sulfurie
seld end hydrogen perexide, and eveporstion to s sodliun

sulfate reaicdus,. ¥ikrogen wua deternined Ly the HNleldahl

bhode The Collowing reoulls wepe abiaimed for these

anelysen:

D8 WEE mra of asunle yielded 11.854 o mociun sulfete.

Be = 14,317

C4e04 mg. of sauple yilolded 11.07 af sodiun sulfate,

W = Y4, @"”"
Caloulnted for CellzloKolm
Hin m 14,587
IT+40 mz. af assaple yislded summonle equivelert to 2.60 =l.
cf 0.0404% potaasiva nylroxide.

E = 17.417
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6 ,E1 wmme of smomple vielded sropmonis eguivealent fo 2.0
of CLO404W potesalun hyiroxide,
Bom 17.370

Sulowle Lol

for Cpllz ipliniin
Toug the saaple wes nearly pare woncscdluvsm enclste.
Thwe manoasdlug ondlate iz moderately saluble in 2018 watey

snd very soluble in hot weter. It 1o alighily soluble in hot

otiyl aleahol, mederetely solulile in hot wetlhirl =lechol,
srid inascluble in eother, Lenzens, s=nl other lessz oolsy sulvents.
It eowld not e errstallized from any of these golvents, It is
net appreeliably Lygrcseopise snd keeps »ell in & drv Jdeslesator,
A wrtey solutlon of the coopound darkerns In s Dew Limsra. Ho

teat iz sbtalined =ith SelliffYfs repcent (ssurle neldified bLefore

teat) or with Fenlingtas selution. * deepr red eolor is rro-
dueed with Cferrie elloride solutlion. T o ecoupound dora not

. E E » °
el but lg gradiuslly redaced Yo a choerred ssss fron 200-200

-

2 an T ¥ 1 N ey,
o onange 1s olserved on

;'3

eidifrine 2 solutlion of tue
rrolete, Ooleiun agetate zlvea no peeliplinte, Juoprer seebtst
7ields = psle zveen precelpitaste of Bhe coppry enclate whieh

gevoalits eunrous oxlle on Loalling Lut whier da not yeadily

aviutle in seecble snid., Silver nibtrete vives arn izpedisnte

wiibe ryecipitote whilech blasekens very rapldly. Load sectote
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ansiyses for leed obtaimed by the dishromats presipitation
methody
Frecipitated with From s 3olution of Zisnd

{a)  lLead scetate - Disodium enslate 50.0%
: w o . after removal of
lead hydroxide

(b)  Lead seetate ° Momosodium emolate  51.8%
(e) Lesd. nitrate . Konosodium emolate 82,75

(4)  Lead acotate Same ss (a) but 85,88
vushied with hot
sbsolute aloohol
These anslyses indicate strongly thet there ias only one
/
lead stom per a, Xwdifermylsuceinonitrile group in the molew
eule, The poasibility of & dsuble salt with lesd anetate or
nitrate is excluded Ly the failure to detact wolatile soids
om boliling portioms of the leésd eompound with 20¥ aulfurie
asid.

A earbon snd hydrogen spelysis wwe run on (&) with the
following resulta
228401 mgge of sample yinided 16.49 mg. of ecarbon dioxide
and Z2.36 mg. of vater.
€ » 19,21% E = 1.808
£2.01 mg. of asuple yielded 15.25 mg. of ocarbom dicxide
and 2.11 mge of wateor.
C « 18.91% B = 1.07%
If one lead aton per mclecule is sssveed, the percente
sges of lead given in the preceding table would indioste s
moleculer wolght rarnge of J86 to 418, On the besis of one
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Consurrently with the researches revorted in Parts I sand
I1 of this marey snd in connection =ith eortaln work Lelng
garried on in this laborstory, btwo unsucceaslul resctions were
eresuntered whleh are deeseld of zulfiaisnt intsrest to report

Lriefly Lere.

seetate Ly the reaction of ethyl bengoste snd the sodlwmprovle

" o

sestate Ly the reantion of sthyl bengoste srd the sod bum

1.3

erolete of ethyl eectosectute. An asrelogous trensseylstion
renction using othyl g ~etuaxyrreplonste in pleses of the eothyl
‘bengonte in an sbteapt Lo obisln ethyl @ ~ethoxypropienyl
aeetate wag without succeass.

In snether resetlion, sethrl sasnesius lslide snd
/e~ﬁ§&ymz§ rroplonitrlile was reacted in sn attoupt Lo prepars
A=ethozyethyl sethyl ketone Uy the usasl resetion «f the
Srignard ressent with nitriles. lNone of the exsested etone
eould Le peesvered ros the interaesdiste addunt. This reae~
tior has Leen run suesesaflly in the 2age of A-alirory
ritriles by Osuthier (3I), by Souselet (39), anml more recontly

by Henze snd soworbers (40)(41)(42).
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sydrolyze tre morsmal amsgnesivs nalide soduel and the resultant
Yetimine. Thiz yellor salld was filtered off. It was more
goluble in Lot weater Llmn ivn cold and easlly aoluble 4n 2bhydl
zleokol or dioxsme snd aeesed to Le unsffected Ly further
treastuent with dllute mirersal asid (109) even i# the wars.

The fil%raﬁ& a2 lut lon was made allkaline »=ith suamonium
hydroxide in the presence of enouzh aswmoniua ehleride Yo
srevert ryecirpitaticn of msgnesium hivdroxide, &n roo0itional
guant ity of tae yellow 8:11d geparetad, Tiis vea filtered
off and the allsline Filtrate extracted with sther, dried, and
svapornteds The realdve on distillatlorn in veean rielded only
a sxall azount of distillste Loillling tou high for the Jebome
und the o jor portlion resmired 88 s avrupy non-distillstle resi-
S0t .,

Fgm

Toe yellow 30118 was not urtier Investipgsied,

TIERARY

le The branaseylatlon resction bebween 24lyl sceto-
neetate and etiyl A-~thoxyproplonate, which aizht be expeoted
7iald @tﬁgl/3“@t$$§y?r$§i&%?}&&&tﬁtﬁ, vieldas only & syrupr,
resinous produet, =t lesgt under the conditions enployed in

tris work.

2. The resctlon betwesrn uwethyl ssunesivs helide and

Arethonyproplonityile does not yleld ar sdduet whieh, when
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