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ABSTRACT

Reymond I. Longley, Jr., Ph. D. 1943
B. 8. Connecticut Agricultural College
M. 8. Connecticut Btate College
Title of Thesls: An Attempt to ?r@p&ra Buccinaldehyde: the
Preparation and Reaotions of o, 1D1§yanasue-ain-
aldehyde
Thesis directed by Dr. N. L. Dreke
Ma jor: Organie Chemistry
Minor: Physical Chemistry
Pages in themis: Thirty five
Words in abstreot: two hundred and fifty nine
Methods for preparing sucoineldehyde have beer rétinwad,
The literature has been oovefed through #ﬁﬁ_i@dex'afu
Chemical abstraéis for the ytarvléké. -
 In an attempt to pri;bam ggéaiﬁﬁ;aomi&eﬂb{ ',Qidiayamf-
succinaldehyde was made by condensing ethyl réznats-vith
aaaeinenit:ile by means of sodium ethoxide, This product
was obtained in thirt&~nxgq per ocant of the theoretical
amount. The substance 1s‘éligh&iy soluble in hot water,
dioxan, toluene and chlorobenzene and more soluble in hot
ethanol. It melts at 184-5°C, with decomposition, The
ecompound forms an anil melting at 204~206°C., a monoxime
mmlting at 150-150.5°C. and e 2,a-dlniurnéhqnylhrarnaeae



melting at 262-4°C. with Gecomposition. Sodium hydroxide
and beﬂzaylvunlariae.eanVQrted the eamyaund‘ﬁe ;,aibantonﬁa
of the enol rezh. This product was yr@bahl& e mizture of
isomers as it melted after many reorystallizetions at 180~
315°C. A monosodium enolate of «,o «dieyancsucoinaldehyde
‘was prepared by partially neutralizisng e ¢old alkelige
solutien of the ¢ompound.

The anil was ooanverted to l«phenyl-3,f~dicyanopyrrole
by heating 1in butyl acetate, The pyrrole melted at 257 45w
258°C, The anll was also converted to a compound of unknown
structure by boiling alechellc ﬁntaaniun aydraxi&a., wﬁis
compound was soluble in hot alcmhol, meltsd at 13&*135 5*C.
and hed the same oomposition as ths anil, .

Heating with mnzm aent«uta aenverw al, o -aiﬁyam-
aueuinal&shyda to 3, Lnéiayanépyrrulc m&lﬁang at 231,5~232.5'6.
Hydrolysis of this compound gave 3,£~yyrrelcﬂicatbaxylia
acld, melting at 256-258°C. with decomposition,

Alkaline hydrolysis of & ,& ~dicyanosuveinaldehyde gave
suceinic acid. The products of seid hydrolysis of the
compound were not isolated, but it was shown that suocine

aldehyde was not one of them.
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In sn attempt to lmprove the yield of aldeayde Harries (6)
allowed nitrous soid to aot on the oxime after the method used
by Clalisen and Henasse (8) to sonvert isonitrosecanphor to
sapphor guinone,

CH , CR=ROR CH , CHO |
wmwamiﬁaﬁ_é ﬁ,@a {or w&ﬂﬂag‘;,wmrnmﬁ + 2,0 ¢ U0 (or 2H,0)

Bitrogen trioxide for the preparation was generated by
arsenie and nitric acld (2p.gr.l.3, not l.4)(17). The gas
was bubbled rapldly through & well ccoled suspension of the
oxime in water until Pumes of nitrous oxide were no longer
svolved (19)., The solution was treated with precipitated
ealolum carbonate and filtered. The filtrate was ¢oncen~
at reduced pressurs in a strean of cerbon dloxide at 30°C.

The residus was transferred to ancther flask and the sontents
dietilled rapldly &t low pressure on an oil bath until the
temperature reached 120°C, The fore-run contained some
aldehyde which was partly recovered by repeated fraotionation.
Alshough the reaotlon was seventy o elghty per cent camplete,
the yleld of sldehyde finally obtained was only sbout sixty
per sent of the theoretlcal amount (13}. The aldehyde thus
awaﬁwﬁaﬁ was & glassy polymer. The monomer was later obtalned
by frastionating the polymer at stuospheris pressurs and
Vacuum distilling the middle fraction (18).

_ﬂwﬁ yield of sumeinaléshyde from pyrrole wae lnoressed by
Willstltter and Heubner (35) and by Mannieh and Budde (25).
The uoﬂsaw were able to obitaln sussinaldoxime from pyrrole in
elghty per cent of the theoretiol amount by incoreasing the



quantity of hydroxylemmonium ehloride to the theoretiel amouat;
the latter obtalned the aldehyde from the oxime ia seventy per
sent of the theoretical amount by using ethyl nitrite instead
of nitrous aecld’

There are several method of preparing the socetals of
sucoinaldehyde, Harries (11) naalgresnn%ad some evidense that
furan reacts with a hydrogen shloeride-methanol solution to
give succolnaldehyde tetramethylasetal.

Sugasawa (34) prepared potessium &,4-diethoxyproplonate
by the followlng resotions:

CH,C000 H, + HGOOC,H, + Na - Na [OOHOHCO0C,Hy] + C HacH +£1,

¥a [OCECHOOOCHe| ¢ 20,H,0H + ECL - (C4H40) s GHOE,CO0C By +
Hacl + H,0

(CoH4O) 4UHOH,CCOC Hy + KOH - {0, H,0) ,CHCH,CO0K ¢ O H,08

Electrolysis of this salt in water solution gave susoinalde~

hyde tetraethylmoetal. Kelmatsu and Yokota (24) made the same

asetal by the following method:

W@!ﬂﬁﬁx - 20R{00.H,)e = (0, Ha0) ,CHOnCCH{0C Hy )y * 2WigX00, H,

{CaHa0) JOHCROCK(OCoHe ) *2H, golloldsl P4

(CoBga0) (ORCH,,CB,CH{ 00 1, ),

Cn hydrolysis with dilute acid the acotuls give nearly the

theoretical amount of suoceinaldehyde,

This method of preparation removes the hazard of esxplosions
inherent in the use of nitrous scld with the oxime,



The aldehyde has also been obtained from certain dienes
(14,20) and from a Buna rubber (15, 16) in the eourse of proof
of struoture by ozonizaticn of the unsaturated sompound and
decomposition of the ozonide, :

0 -0 0 -0
i /o do‘ Io -—o\ 7
H~0~CHOH, O, CH-0~CHR + 21,0 -~ ROHO + OGHOHN,

~

(% and R’ represent alkyl groups or hydrogen atoms).
Sucelinaldehyde has been isclated in poor yield from the
zenation products of l,4-butandiol, dbut butyrolastons

is the chief product of this remstion (29).

Gther methode of preparing suecinaldehyde night be
proposed. This peper reports an unsuccessful attempt to
prepare thé aldehyde from swocinonitrile as the starting
material.

s K ~DICYANCEUCCINALDEHYDE

The a priori reactions involved in this atiempt o prepare

sucoineldshyde were the following:

(CH O + 2HOO0C,H, + 2Ma0C,H, = Ha, [Hoc(cHo)o(CBO)CN]
* 4O, HyCH

HOCR
Ha, [HCC(GEO)C(CHO)CH] + 2u® -~ NOCH(ORO)CH(CRO)CK + 2Na®
&, ;meymamecmmwat

NOCH(CHO ) CH(CHOICH * 4H,0 ¢ 2H* = HOOCCH(CHO)CH(CHD )OOOH
+ 2:m*



HOOCCH({CHO ) CH( CHO ) COoR 2 OCHOK,CH,CHU + 200,
It sesmed probable that the process could be simplified by
ecamblning the last three resactions in a single step.

A searoh of the literature revealed no account of a Qlalisen
condensation of ethyl formate with suocinonitrile or any
simple sliphatic nitrile, However, anslogows reactlions of
various sorts have been reported. In 1887 three papers wers
published concerning the use of sthyl formate in Glalsen con-
densations., EKthyl formate and acetophenone wers condensed to
give formylacetophenons (7), and ethyl formate and ethyl
acetete were condensed to form trimesioc ester (27,36). Since
then ethyl formate has been used in many ester condensations,
including several with esters of sueeinic acid {3,4,22,23,31,
37448) to give monoferaylsucsinlc esters. Ethyl formate alse
condenses with arylasetonitriles o give formyl derivatives
(41,43), but it has not been reported to condense with an unsube.
stituted aliphstle nltrils.

BEsters, other than those of formlie acid, are kndwn to
sondense with nitriles of the {atty acid series., In 1893
Fleishheauer reported that sodium methoxide casused oondensation
of acatonitrile with ethyl oxalate, and pheanylacetonitrile
with ethyl suceinate {9). 3%odium methoxide d4id not bring about
sondensation of proplonitrile with ethyl oxalate, nor aceto~
nitrile with ethyl succinate, ﬁ»ﬂ?»@ﬁ&ﬁh and Silberstelin (44),
however, obtalned elghty-thrse per sent of the theoretiecal
quantity of the potassium derivative of sthoxalylproplonitrile
by using potessium ethoxide as the condensing agent. Ouher



enter-nitrile condensstions uare reported, but oaly two need

be nentioned hers, »Etayl>aadlatn, whioh behaves like ethyl
formate in the Ulaisen condensation, reacts both with esters
of sugsinic aeid and with suseimonitrile to form a,o ~dlethoxe
alyl derivates in good ylelds (26,38,39,42).

The maan&glyn ﬁy whieh an ester condeanses with a nitrils
would be expeoted to parsllel that by which an ester condenses
with 1tself or with ancther sster (A0). If that is the oase,
sthyl formate would condense with succlinonitrile in the fol-
lowlng manney:

CH,ON  T00.H, . [m] T , HO0.H,

I * 4

?ﬁﬂﬁ T Ol OCHO ﬁ;ﬂg@gﬁfh~?

+ _ '
CHEN OUHE * GaBsORHCACH

ik
c,Heon  [ooncen - OOHCHOR ~0C o Hg
* ! <« { P

CoHy0R OCHOCR UGHOHON “0C.He
ocHooR |

) - zu* -
COHCCR

This formulation is a simplified ome in two respects. Actually
the ionigations and resctions would take place fn steps, and
the last reaction shown would osour through formation end reare
rangewent of an latermediate enol,
In the first attempt to yrupnro1!.0!iateyanmaanainnlaihraﬁ
the procedurs for the preparstion of acetylsoetons desorived in
theges (2) was used as o gulde, One mole of sodium




ethorlide wags wmade ag desorlbed., o larse excess of ethyl
formete wae zdded to the ethoxide solution while the latter
was stlrred and cooled, Conslderable ethyl Formate was sweptl
rom the reactlon lesk snd out the reflux condenser by the
arbon monoxide formed, One half =ole of selid sucoinonitrile
was sdded lmmedietely with stirring. The mixture becsme Vvige
souy at firet, then more filuld asg siirrius was contlinued for
one hour., The resuliings suspension wag then left to stand
overnicht., 4 larce volume of ice and wster was next added
and the Tflaak was shaken o dissolive gll the material. The
resulting solutlon was extracted with other Lo renove unre-
ascted materlal, and the ajueocus leyer was neutrslized with
the caloulated gueniity of celd dilute sullfurle seld and
extracted wlih three one hundred ml. portions of siher.

The ether exiract was dried wiih godius sulfabte and the
gther repoved by distillation on o water bath at “0°%0, n
standing red«brown erystals preclpituted and were iltered
off and dried., The erude materiasl welshed only bwenty orasas
{twenty-olix per cent of ithe theoreliesl amountj.

sn atbtens,t was wede to distill the sother liguor, but no
diztillate wasz cobtalned anlihough the mixture was heested to
220%GC, op the oil bath and the pressure was reduced (o three
e ©f mercury. 4t thls high temperature the liguld deoome
pesed to 4 blagk carbonaceous nmEsSS.

The erude »Hroduct obtelned sbove wus puartislly purifled
by recrystsllization from toluene. Light yellow corystuls

thae obtained xelted wiith deconresition at 18C=186%0, 7The
%



sompound reacted with 2,4~4inltrophenylhydrasine, gave a posie
tive test with Tollena' reagent and evolved mmmonia when heated
with dilute aqueocus sodium hydroxide, It was inscluble in
¢cld water, but scluble ia oold diluse sodium hy&raxiﬁm_ualﬂw
tion, end gave a week pesitive test for an snol with ferrie
ohloride solution. These properties might have besn sxpested
for ayS -ketomitrile. The results of an slementary asaelysis
indleated that the sompound waa<1.ol;diﬁyaﬁmwﬂﬁmiuuié&kra;¢

On repeating the preparation of the substance using
three times the guantitles only twenty~seven per ocent of the
€h¢ara$£au§ azount of yﬁaupwaaant was obtalned. A seareh of
the Litoxmturn_way then made in an effort to find an explaw
nation faf'=&§ 9$@r results of the first experimenta, Geuther
{(120) had shown long ago that ethyl formate decomposed in the
presenge of a&&inw ethoxide to form ethanol and earbon mon-
oxlde. Adlickes and Sohfifer (1) hed studied the velooity of
the decomposition in ethanol sclution, and had found that the
rate of decomposition inereased with the temperature and with
the concentration of sodium ethoxide., &Stlhler (33) had
investigated the reverse reaction, and had aynthesized formats
esters from aloohols and carbom monoxide under pressure at

zoom temperature using sodius alkoxide eatalysts. Under the
conditions used by the above Snvestigators the reasctions had
been slow at room Semperature, The decomposition of ethyl
formato would be oven slower at szero degrees Centigreade, an
attenpt was made $0 carry out the condeasation at this temper~
ature to determine whether any improvement ia the yield of

Ol 4o ~d1oyanosuseinaldehyde eculd be noted.
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This preparation was ocarried cut as before, ixﬂep% that
the reaotion flask waes ilmmersed in a bath of loe and water
Tor two-thirds of its helght, and the ethyl formete was cooled
to 6°C. before 1t was added., By this method iittle gas was
svelved and ethyl formate was npot swept from the flask, After
two hours of stirring the reaction mixture, the temperature
of the bath was sllowed to rise slowly. It was left standing
overnicht, and the product was isclated later as in the previe
ous preperation., The orude material was reerystellized once
from alcohol, The dried produst amounted to thirtye-nine per
sent of the theoretical quantity, The mother liguor deposited
some additional orystalline material contaminated with terry
material on standing,

The mother liguor from the preparation of o,d :-d.my%
sucoinaldshyde waz a dark red-brown liguild, It always amcunted
to at least one-third of the total guantity of orude product.
donoformylouceinonitrile was provably present in this iiguid
and may have formed a large part of it. 4 corystalline product
was formed by eoolipg the ligulid in & bath of dry Lce and
alochol, but the mase melbed when filtered off on a Béshner
funnel., It was never isclated as a pure liguld or s0lld and
was not further investligated.

Before the physleal propsrties of A, « zﬁieymawwm
aldehyds could be determined it was neceasary to purify the
substance furthsr. The orude materisl was reorystallizned
from various solvents repeatedly. The nost sultable solvents

found were toluene, shlorobenzene, water and sthanol. The
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sompound was only alightly soluble in the first three moa~
tioned. Norite best removed the solorsd impurities from the
hot solutioms, but from every solveat the product was obtalned
as yellow, iridescent neodls erystale. Howsver, the compound
vap obtained & ¢ white powder by sudbliming the yelliow mato~
rial at 100°C. at very low pressure. The white powder melted
at l84-185°C. The yellow product, after two recrystallizations
from water, followed by drying &t L00°C. for ome hour in an
Abderhaldsn plstol, melted at the same eg&%&n&a&&ta

ol s A éawgaaﬁeaggago was found to be mawﬁw; in
belling methanol and ethanol, and avwmwauw soluble in bolling
acotone, aoetie acid, water, ﬁawganb and nwwanawan&nue. It
iz insoluble in all of these solvants at zero degreecs ua@w»;
grede, and it is slso lnsoluble in bolling ether and benwene,

Some of the shemisal properties of &, _nﬂwnwﬁagaﬁb:
aldehyde huve already been mentioned, It readily 4lssolves
in ten per cent agusous sodium hydroxide, and it also dis~-
solves in werm sodium bloarbonate, with evelution of carben
dioxide., In alkaline solution the dompound ﬁ&#uwu with
benzoyl ehloride to form a dibensoate. This ester was ob-
tained as & white powder mslting over a losg range, 130-215%C.,
even after many reorystallizstions from toluene or ethyl asetate.
Frobably the product is a alxture of the three lsomers made

possible by the two carbon~carben double bondst
OgH 5 COLGH~C { OR )G {CB ) ~CHOOCCEHS

I1r an alkaline solution of X ,X vﬁewgomnaagagmu
ip acidified with oold &ilute nitric sold snd then treated



with a solution of silver nitrate, a white precipitate of
silver enclate forms. A mono-sodium enclate was obtalned
by treating an alkaline solution of & ,& ;ﬁieymawcm-u
aldehyde with one squivalent of cold hydrochbloris aoid: A
sopper derivative of the oompound was also propared.

Derivetives of the aldehyds group of A, =dicyanc-
succinaldehyde were alse obtalned. The monoxime wen pre~
psred from the dialdehyde, hydroxylamsonium chloride and
precipitated calelum carbonates in dloxan solution st 8(°C.
It 1s soluble in hot water, but deecomposes quite rapldly if
the solution is boliled., 4 dloxime was never chtalned

although the hydroxylemsonlium ohloride was added In lurge

excess when making the mono derivative. A mono=2,4=dinitro=
Vgﬁaﬁylhydraaana was prepared im bultanol, This product pree-
61§£®atud as a dark red-brown sioroorystalline material
which was extremely insoluble in sll the common organic
solvents.

Derivatives of A&, =dicysnoeucoinaldehyde and derive
~atives of its enol have been mentioned, The sempound ltself
has been isolated only as she aldebyde, ‘The asymaetriec
carbon atoms in the alﬁahyaa make possible the existenve of
isomers, but no attempt was made to resclve the material
into the ¢,l and meso forms, Several attempts were made t0
isolate the enol form of the oom
of the aldehyde the enol was first formed, but it changed
spontaseously %o the aldehyde during the isclation of the
compound. In an attempt to prepare the encl, the aldehyde

pound., In the preparetlion



$o
L

o ot e gy ] . P e R [ R o g or by e i
wiy disselived In sodlus hydroxide svlution 3 {El“i:.ailii;} Lhe sodiuan

thiz gelution Ly cold aeid

&
%,ﬂs
gi!;
L
E 3
&
St
£
[
;‘ -
o
€
g:e
g
[
{:S
P
¥oiy

sl agueous solution of enol. ftuempis L0 extraet the enol
with ether cuve the ualdshyde insieud, a6 Lhe enol teulomere
fzed durlng the process. Neverthelemg certsin propertles
of the enol sare appasrent ITor the pethod of
the gldehyde: the enel is seluble lo wolter and ether apnd
ehanser spobftansously to Lhe aldehyds ol room leuperalurc.
wislicenus snd coworkers (34,39) isolated both keto
and enol formg of ethoxslyleucclnonliirile and of
o(,G(i{ii&tf&.ﬁ){ml@*‘l:ﬁi}ﬁt@ii’lﬁﬁitl‘iiﬂ.. Theze compounds bghuved
vory much llke d,0(i&i@garzmsuwim&lﬂﬁ@*ﬁ&. it meens lilkely
that the enocl foro of thig latter coupound nloht be loow
luted st sufficlently low tesperaturez Ly o sladler mebthod,
seversl resctlons fovelving A ,A :ﬁia‘;saﬁmmwiz:alde-
wyde have aot been mentioned., Firsi, the coupound ylelded
a dianll when heated with aniline in bolling elhaacl. The
product preclipiteted se o plink anerihous weterial, rether
ingoluble in all the zolvents btested, 1t was resrysiallized
fros bubtyl scetele, bul auch of the material was lost in
Lhe process. The coumpound melted at <UJ«-IU5%0. aller one
recrystiallization, It was scwewhabt soluble 1o bolling
ehloreform, cellosolve and dioxan. If the belllng was
enly wonentery and the solutlion wuas lusedlately ocouoled, Lhe
dlanil preclpltated, but 1f Volllng wes prolongsd Lo pre-
clpitate forsmed on cooling. Hvidently a resetlion veocurred

durlpe the boiling,
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a similer method, A ,« ié&eymawacimlaanyda was conversed
to 3,4h-dicyanopyrrole. This compound was recrystaliiszed
resdily from water. after drying it melted at 231.5-232.5°C,
Various 3,4~substituted pyrrolee, whloh are 4irffieuls te
prepare by the usual pyrrole eynthesses, should be cspable of
preparation fros J,bk~dloyanopyrrole.

Alkeline hydrolyale of the above compound liberated
smsonie, and on acldirying the solution & white, mircoorys~
talline precipitate of J,i~pyrroledlcearboxylic acid was
obtained, This iz the caly pyrroledicardoxylic acid which
has not been desoribed previocusly. It is less soluble in
water than the parent compound, bdut 1t may be reorystallized
from water oontaining some <ioxan. The purirfied produst
‘melts at 256-258° with decomposition.

It was hoped that hydrolysis of A & '-é.iwmamam-ﬂ
aldehyde would yleld & ,0f-diformylsuccinic acid, but this
sonpound wae never iaclated., Hydrolysis by aguecus sodlium
hydroxide gave sodium sucoinate and, presumably, sodium
tormate, & & imwaaa:ﬁ.ﬂawammwua by a slmller
reaction gives sodium succinate and sodium oxalate (36).

Aeld hydrolysis of A, '-Mwmmwma}.aaayﬁ@ Save
carbon dicxlde in poor yleld, but no other products were
isolated. By a similar resstion Q, & ~dlethoxalylsuooinoe
nitrile gilves suceinile ascld end oxells acld {36), This
Taot suggests that sucoeinic acid and formlc soid may be the
prineiple producstis of the acld hydrolysizs of disyanosucoline
aldehyde, Harries {&) found that suocinaldehyde wes very
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TP ERIMERNTAL

PREPARATION OF O, & =DIGYAHOSUCCINALDEHYDE

 Sixty-nine grams of freshly out sodium was weighed into
a dry thres liter three-nscked flask oontalning 500 ml. of
4ry xzylene, The flsak was heated on & send bath until the
sodiuvm was melted. The mlxture was shaken gently to renove
the exoess alr in the flssk, then olean, dry rubber stoppers
were tightly inserted. The hot flask was wrepped ia two
thioknesses of eloth and vigorously shaken for about rive
sevonds, thea aset eside to cool.* The xylene was decanted,
the sodium powder wus washed with two one hundred mi,
porticns of adsclute ether and nine hundred ml, of absolute
ether was added,

The flask was supported on an unhsested stean cone. 4
Hershberg stirrer, reflux condenser and a 500 ml, separatory
aﬁﬁ&ﬁy were attached. 7The stirrer was sesled by a pleve of
rubbar tubing molstensd with glyocerin, and the openings in
the tops of the funnel and the oondenser were fitted with
salofum ohloride tubes loosely rilled with dry cotton. One
hundred and seventyefour ml. of abdsolute ethancl was poured
into the separatory funnel.

*ohe godlium thus treated waz somotimes quite finely
a»iwammm cther times 1t was more voarse and had to bhe
rewor . i



18

The stirrer was started, and the alochol was run iato
the mixture slowly so that the ether was not lost through
the condenser, The complete sddlition required two 4o three
hours, The mirture wae stirred and kept at the bdbelling
peint for six more hours untll ealmost all of the sodium had
reacted,

The condenser was changed to sllow distillation, and
the ether was distilled off completely on the steam bath.
The product was aivayw tinged with yellow, although 1%
should be white, The flask containing the sodium ethoxide
was then supported in a large bath. The reflux condenser
uma.regla#g& making the apparstus the same as for the prep-
aration of the ethoxlde., The bath was filled with orushed
ice and water to twan%airﬁa the height of the flaak, Kine
hundred ml, of ethyl formete, dried over potassium carbhon-
a%e and distilled from exvess phosphorus pentoxide, had
besn 0ooled to 6°C. in the refrigerator, The formate was
sdded to the flask very repldly with mechanical stirring.
During the addition the mixture became 20 viseous thet
etirring had to be stopped temporarily. 4 little ethyl
formete was swept out by the carbon monoxide evolved at
this time. After all the ethyl formate had been added the
stirrer was reatarted., A mixture of 120 g. of redlstilied
auaainsnitrilw* and fifty ml. of dry etayl formate was

®ohe snaaingnzkrila was prepared by the method desoribed
Organi rn bl g** for the preparation of trimethylens
nya:YT 'axaag*f‘%w% two LOO ml, portions of ethyl acostate were
used to extract the produst, The ocompound distilled at lile
145° at 13 sm. of meroury pressure and welghed 162 g, (seventy
per cent of the theoretical mmount).

*farvel and Mololm, Org.Syntheses,0oll,Vol.},536 {1941).
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added through the seperateory funsel during five mianuvtes,
The mixture was siirred for four hours &8s the bath temperaw
ture rose to room tempéerature, then the stirrer was stopped
shd the nixture was left to stand overnlght,

About 1600 wml. of lce and water waz added to dlssolve
the oreanmy precipitate. The orsnge solored solution
obtalined was extracted with two ome huadred nl., portions of
ether in a three liter separatory funnel. The ether
extracts were dlsoarded. To the aguecus laysr, a solution
of elghty-six ml, of concentrated sulfurie seid poured over
00 g+ of ice was slowly added. Two layers formed., The
vo0p layer was separated, and the %attma.laywr.uua saturated
with sodlum chloride. 4again two layers were formed, and
the top layer was agein separated. The aqgueous solution
remeining was sxirected by fouwr 250 ml. portions of ether.
The wuater inscoluble layers and the ether extraots were
sombined, mmounting to aboud Ywo liters of light orange
sclution. The ether layer was dried over 200 g. of sodlum
sulfate at 10°C, for twelve hours,

The dry materisl waz desonted from the sodium sulfate,
filtered and the solution wes diastilied on a water bath
until the bath temperature reached &0°C.. The residue,
about one liter, was dietilled on the water bath st reduced
pressure and at a bath temperature of 60%U.., .About 250 =i,
of distillate colleoted while yellow orxystals formed slowly
ia the residuw. The contents of the distilling flask was
oocled to about 10°G.. The erystals were filtered off on &
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Blishner funnel and washed on the funnel with two one hun=
dred ml, portions of cther, on comeentrating the dark mothey
liquor ?ﬁﬂ#kruun eryetals separated, This material was
xe@ryﬁtaliizad frau 400 mi, of water contsining five grams of
Norite, The yellow crystalline materisl cbtained wWas SOl
bined witn the first isolated product, and the m&ﬁtnrt was
dried at 120°C,, BRighty grams (thirty-nine per cent of the
theoretical quantity) of rather pure product was thus cbtained.
By reerystallization frog one iitar of boliling ethanol conw
teining ten grsms of Korite the yleld wus deorsased to only
sixty grﬁms witha&t materially inoreusing the purity. The
gompound was purified far analysis by reorystallizing it twiloe
from water cecontalning Norite. The light yellow crystals were
dried at 100°C, in an aibderhelden plstol for one hour. The
material darkens i a ¢aplllary tube at 179° und melts from
184-185%C, w&th aeaampoaxtian.

m:agss.a,. Galoulated for OgH,OzHz: O, 53.03 H, 2.96;
N, 20,6, Found: C, !ﬁa.a; H, 3.11; N, 21.0.

ﬁE?ﬁﬂﬁIﬁﬁTIﬁﬂ QF THE Eﬁ&%ﬂﬁhﬂﬁ WEIGHT QFGYgO(~Bx$Yﬁ£&”ﬁwﬁIﬁ~
aLﬁEEYﬁS
The bolling point of one hundred grams of glaclal aoetie
acid was éat&fmiaoé in & Davis MNoleoular wWeight apperatus pro-
tested from moisbure by a calecium chloride tube, The bolling
point, messured by a Deckmann thermometer, dropped slowly as

shownt®*

*rhe decrease in bolling point of the scetis scid is
diffioult to explain, It mey be that scme water was crigle
nally present on the walls of the apparatus. IR any ouse
the decreasse varied dlrectly with time,



Time (minutes)  © 2 & 6 11
Tetpgrature . 1.930  1.930 1,925 1.918  1.90%
1,00 grans of compound was added at the end of eleven nin-
utes of boiling. After six minutes more of boiling the
solution had become dark red and boiled at 2.100°%, The
boiling point of the acetic seld was graphicslly extra~
polated along a stralght line to the value 1.887* after
seventeen mimutes., The boiling point elevation was theree
fare .213°C. The ¢onstant for acetic acid is 29.9°C. per
mole per one hundred grama of solvent. The aetual molece
whar welight 48 136 and that found experimsntally wes 140,

REPAKATION GF THE DIBEHICATE OF THI ENCL PUBM O
@, & “DICY ANOSUGCIHA
In a 125 ml, Erlesmeyer {lask three grams of the
aldehyde was dissoclved in fifty ml. of five per cent aguscus
sodium hydroxide, 5ix ml. of benzoyl chloride was added,
and the flask was stoppered. ‘The mixture was vigorously
shaken for about ten minutes while cooled in ru
A gray precipitate formed and was filtered on & small
Dlohner funnel end weshed in succession on the funnel with
firty'ml, portions of five per cent sodium hydroxide solu-
tion, water and ether. The product was 4dried at 60°C. in a

vacuum oven for two hours. It was recrystallized ﬁhraa
tizes from sighty ml. portions of toluens sontaining two
grumavaf Horite., The white material was washed three times
with rifty ml. portions of ether and after drying for two
hours at 100°C. in an &ﬁﬂerhaldan pistol welghed only 2,55
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grass {(thirtye-four per sent of the theoretiscal amount), The
- paterial nelted from 18%°C, to over 205°C. with some decompo-
sition. It was sublimed at very low pressure at l130«150°%C,.;
the sublimate melted at 180-185°C, and the residue melted
At 185«193%C, with decomposition., Analyses were made on the
unsublinsd product.

Anslysis. Caloulated for Cugh,,0,H i €, 6%.8; H, 3.48.
Found: C, 69.8; H, 3.53.

PREPARATION OF THE HONGSOUIUM INCLATE OF O, ~DICYAHO-
SUCCIRALDENYDE

In a £ifty ml, Erlenmsyer flesk, two grams of
a, x f-@awymwmmmﬁwm was dissolved in & mlxture of
twenty ml, of water and eleven nl, of ten per cent sudlum
hydroxide solution. Ten grams of sodlws chloride wes addoed
3o the solution, and the mixture was filtered into another
flask, This solutlon was oocoled and one nl. of oold con~
centrated hydrechlorie acid was added producing & dense
precipitate irzediately. The product was filtered on a
emall Buchner fumnel. The flask was rinsed with two five
wl, portions of cold water, and the washings were added to
the funnel. The pale yellow product was dried &t 1C0%(.
for two hours in an abderhalden pistol. The yleld was 2.2
grams (ninety~four per cent of the theoretiosl smount}. In
a8 capillary tube the compound discolorsd and gradually
decomposed above 210°C, Combustion analyses were run withe
out modilying the ususl method, so one~hall atom of carbon
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was left combined ds sodlium earbonate.

Analysis, Oaloulated for OgHyOaNgMar C, 45.6; H, 1.90.
Pound: {ineluding carbon combined with scdium as sodium
carbonate) O, 46,43 H, 1.86,

PREPARATION OF O, ~DICYANOSUCCINALDEHYDE MONOXIKE

A mixture of one grem of the sldehyds, two grams of
hydroxylasmonium shloride, two grams of precipitated caloium
carbonate and forty nl, ar'diuxan in a 125 ml. Zrlenmeyexr
flask was wermed to 80°C. on a steam bath. The flask was
sheken frequently and more caloium carbonate was added from
time to time durlng thirty minutes heating. The mixture
wae filtered yielding a red brown solution. The solvent was
evaporated in a stream of airﬁ. The oxime was reorystallized
three times from sixty ml. portions of toluene sontaining
two grams of Norite. The light brown orystals were dried
for an hour st 100°C. in an sbderhalden ylatai and then
mﬁitaﬁknt-i£§n§~1$0.s‘a; wita'dsanwyaaiﬁiaa. The oxlime was
further purified by sublination at 1G0°C, and very low
pressure. This product melted at 150-150.5°C. with decom=
position,

analysis. Caloulated for CgHsOaNgs ©, 47,73 H, 3.30.
Found: ©C, 48.2; H, 3,40,

PREPARATION OF O,Q “DICYANOSUGCINALDEHYDH MORO~Z,4=DI1=
NITROPHENYLUYDRAZONE
A mixture of two grsus of aldehyde, five grems of
3;hméznxtraykaaylhwﬁraalaa,‘tno.ul. of gleclial acetlc aeid



and 200 ml, of l-butanol was heated in a 500 ml. flask
fitted with & reflux condenser, The mixture smust be bolled
for a long time to complete the reastion; twelve hours is
sufficlent, The dark red-brown product was filtered from
the hot mixture, suspended in LO0O ml, of bolling ethancl
and agalin ziltarpa from the liguid. 1t was &ried for one
bour at 10C*C. in en Abderhalden plstol, snd then melted at
262=264°C, with decomposition, The yield was 4.12 grawcse
{ninety per cent of the theoretical amount).

Analysis. Caloulated for OppHgUslg: O, 45.61 H, 2.53.
Found: O, 45.3; H, 2.54.

ATTEMFTED FPREFARATION OF THE ENGL FORM OF O,O( ~DICYANO-
m:fcamax.ﬁm?w

Two grams of aldehyde was dissolved in ten ml, of water
end ten ml, of ten per cent agqueous sodium hydreoxide. The
orange-yellow solution was exaotly neutralized by thirty-
one ml, of approximatsly normal hydroehloric soid. This
sclution was econtinuously extrasted by 200 nl, of warm
ether for two days. Orange oryatals eand a water layer gol~
leoted in the ether bolling flask, The ether was distilled
off and the residus riltered. The orystals were recrystale
iixnd fyrom eighty nl, of water contalning two grams of
Norite. The product wes dried in an Abderhalden plstol and
melted at 182-185*0C, with decomposition. The orystals had
the seme appearance, the ssame melting point and the same
golublility {n water as the eoriginal asterial. The product
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elso gave a test with ferrie ohloride solution Just like
that given by the starting material.

PREPARATION OF O¢,0( SDICYANOSUSCINALDERYDE ANIL

Five grams of sldehyde was dissolved in Tifty ml. of
boiling ethancl sontained in a 125 ml. Erlenmeyer flassk on
a steam bath, Ten ml. of anlline was added. The mixture
was boiled for ten minutes before any previpitate formed,
but thereafter precipitation was rapid. After thirty aminutes
of boiling the mixture was allowe
with & solution of thirsy ml. of concentrsted hydrochleric
acid in 120 =ml, of water with stirring. The pink precipi-
tate was filtered on a small Bfichner funnel and washed on
the funnel with one hundred ml, of water in several portions.

g to covl. It was treated

The dried masaiiii welghed 7.6 grams (seventy-two per sent
o the theoretical amount). PFive grams of the orude produst
was reorystallized from 250 ml., of bolling butyl acetate
containing five grams of Horite. The yleld of light vellow
orystals was only about two grams. After drying for thirty
minutes et 100°C, in an Abderhalden dryimg pistol the prod~
uct melted at 204-206°C. It was sufficiently pure for
analysis.

inalysis. Gsaloulated for CigHy Nyt C, 75.4; H, 4.89.
Foundi ©Cy 73.5; B, 5.0b.

IS0OLATION OF l-FHERYL=3 ,A«-DICYARCFYRROLE
Five hundred ml., of butyl acetnte used ip recrystale
lizatione of the ani) was coneentrated by dlstillation until
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the residus amounted to only 150 ml, The latter was cooled
in e refrigerator whereupon needle orystals formed. These
were filtered off and twice reorystallized from mixtures of
twenty ml. of dicoxan, tes ml. of water and ome gram of
Horite. The asbestos-like orystale obtained were dried for
one hour st 100°C. in en sbderhelden pistol., They melted
at 257,5~-258*C.

analysls. OCaloulated for OyjHyH3t ©, 74.53 H, 3.63.
Yound: C, 74.2; K, 3.66. |

REACTION OF THE ARIL #ITH AlLCCGHOLIC POTASGIVM BYDROXKIDE
SQLUTION

Three grams of potassiuaz hydroxide was dissolved in
Tifty ml, of ninety-five per cent ethanol in a one hundred
ml. flask. Two grams of anil was added to the solution, a
reflux condenser was attached and the mixture was heated at
the boiling point for about twenty minutea., About twenty
ml. of water was added, and the mixture was agaln heated to
bolling. 4 small quantity of insoluble materia) was £il-
tered from the hot solution, whioh wus then cooled slowly.
A iiaht yellow eryetalline yra&uaﬁ formed. The campound
was filtered off a#d.nir dried for four hours., It welghed
sbout 1.5 grams {(seventy-rive per cent of the theoretiocal
apount, assuming the reaction was only a resrrangement).
One ¢grem of the substance was dlasoclved in forty ml, of
hot ethanol in a 125 ml. Erlenmeyer flask. Water was added
in small portions to inciplent precipltation at the bvelling
point, ?hia'nat solution was filtered and cooled. The
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aryastels formed were flltered off and after drying for one
hour &t 100°C. in an sbderhalden plstol the substance melted
at 134~135.5°C. It was evideantly not very pure, but analyses
were made nevertheless,

snalysis. Celoulated for CygH; JNi,t C, 75.4; H, 4.89.
Found: €, Th.5; H, 5.00.

PREPARATION OF 3,4=DICYANGPYRROLE

Five grems of & ,X ~disysnosuccinsldehyde, fifteen
grams ©f emmonium acetate and rifty ml, of oconcentrated
ammoniux hydroxide were mixed In a two hundred nl. evapo~
rating dish., The mixture was heated nearly to dryness in a
hood while stirring with a thermometer. The highest temperw
ature recorded was 180°C,, but because of the small guantity
of material left when this temperature was attained the ther-
momster must have regiatered far too low. The black mate-
rial thus formed wae seraped and washed into a beaker. It
wag extracted with four one aundr&dvml. portions of boiling
water to dissclve the pyrrole. The hot extracts were indi-
vidually filtered and cooled to C°C, The first two gave
light brown precipltates which were filtered off together.
This material was reorystallized Ifrom one hundred ml. of
water containing two grams of Norits. The white crystalline
grﬁéﬁhﬁ was recrystalliged txaa firty nml. of water. 7This
product was dried as before. The yleld was small,. The
sompound melted at 231,.5-232.5°C. forming a red llquid.

Analysis. Caloulated GgHqlizr OC, 61.6; 1, 2.5%6,.
Founds C, 62.1; H, 2.50.
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HYDRGLYSIS OF 3,4=DICYANOFYRROLE (3 ,4~PYRROLXDICARBUXYLIC

oacm) V.

ﬂbﬁﬂﬁ’ﬁha gﬁﬁm é£ §ruﬁ& Jsh~diloyanopyrrole was heated
ﬁi&h'tw@a%yuixﬁg wle ©F ten per cent aqueous sodium hydrox-
ide under a'r#rlni sondenser for one hour. Ammonia was
evolved. The resulting solution was acildified with twenty
ml. of copncentrated hydrochloric acid, stirred and c¢ocled.
A light yellowe-brown uierocerystalline precijltate was file
tered off on s emall Blishner fumnel, The Product was heated
with one hundred ml. of ﬁmtsr. and just enough dioxan was
added to 4dlssolve it at the bolling point of the mixture.
two grams of NHorite was added t0 the solution, which was
then boiled for five minutes and flltersd. The filtrate
was @ooled to 0°0, and allowed to stand for several hours.
The white precipitate formed was filtered off on a small
BUehner fuanel, vashed once with rifty ml. of water, then
dried for an hour at 1l0C°C, in an Abderhalden pistol. The
produst melted at 256-258°C. with descmposition.

Anulysis. Calculated for GgHgO.H: ©, 46.5; H, 3.23.
Found: €, 46.2; H, 3.31.

HYDROLYSIS OF &, =DICYANOSUCCINALDZHYDE BY AQUEGUS
SOUIUR KYDROXIDE
One half gram of Ol:dieyamauwma}.dawae was

dissolved in ten ml. of ten per cent agueous sodium hydrox-
ide solution in a fifty ml. Erienmeyer flask. The sclutioan
was heated on the steam bath for two hours, A small smount
of xnaaluhiirwatarial was Tiltered off, and the filtrate
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‘was acldified with concentrated hydroehloric acid., This
solution was ccoled in a mixture of lce and hydrochlorie
acld, Light gray orystals separuted and were filtered off
immedlately, The yleld was only four teaths of a gram
{forty-six peiv&%at of the theoretisal amount). The material
was recrystallized frem six nl. of water countelnlng a little
ﬁmr&té. ‘?hé gu#iriqa product melted at LBL«-6%CG. 4 mixture
of this substance with en egual guentity of suceinic aecid
melited at 185-7%C. Both the unknown material and suceinioc
acid form white insoluble silver salts when their agueous

polutions are treated with silver nitrate solution.

HYDROLYSIS 0F (¥ ,0 “DICTANOSUCCINALDLEYDE BY DILUTE
HYDROCHLOBEIC ACID

To u one liter Tlask supported on a steam cone was added
fifteen grams of A, 1¢1ieymuauwimaahyﬁe, five hundred
ml, of distilled water and forty ml. of concentrated hydro=-
chlorie acid. i reflux condenser was attached to the flask,
and a tube was fitted to the top of the eondenser to conduct
any gee svolved through a bubble counter. The flask was
heated by steam for three hours, At first the evolution of
gas was rapld, but arfter an hour 1t had slowed very much
énﬁ at the end of three hours 1t was negligible. liecanwhile
the color of the solution had ohanged through yellow, orange
and red to red-black, The ecld sclutlon wes extraoted com-
tinuously for sixteen hours with two hundred ml. of ether.
During the extraction a water layer collescted in the flask,
The uthé& layer was distilled off leaving about forty mi. of
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an agueous selution.

Eight ml. of ths solution was added to one hundred ml.
of ethanol and three grams of 2,4~dinltrophenylhydrazine in
& twa.huaﬁr@ﬂ ml. Tlagk, The mixture was heated to bolling
and two ml. of concentrated hydrochloric acld was added,
The solution was bolled for fifteen minutes, then allowed
to cool. Large yellow aryat@la separated, They were fil-
tered off and recrystallized from one hundred ml, of
ethanol containing two grams of Norite, The product was
filtered off, washed with thirty ml. of ethanol and dried
at 78°C., for one hour 1n an Aﬁ&axnﬁlﬁeﬁ plestaols The
material softened at 93°C, and melted from 102°C. %o about
125°C. Reerystallizations from ethamol snd butenol failed
to purify the material at ull. The solubllivy is too hlgh
and the melting range is too low for the 2,4~dinitrophenyle
hydresone of suceinaldehyde.

In an attempt to prepaure an oxime, ten #1, of the
aqueous solution extructed from the hy&rﬁlysia mizture,
five grams of hydroxylemmonium ohloride, three grams of
sedium hydroxide and twenty ml. of water were hested in a
125 ml. Erlenmeyer flask for ten minutes, The solution was
then cooled in & mixture of ice and water., The side of the
flask was sorateched, but ne precipitate formed.

The ramniniag.uqnaoup solution was sheken ﬁi%h precip-
itated caleium carbonate amd filtered. The riltrate was
soncentrated to about four mls in = twunﬁrniivﬁ a&. &isw
tilling flask with a ten 1nch.visrcum eal&mn. Tha sonocen-
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trate was distilled in & tes =, distiliing flask. The .
distillste gave a negative teat with ﬁahzrt*a resgent, but
the residue of less than one half al. gﬁtt.g_eﬁxang positive
test. The rosidue formed no 2,&a&&ﬁlﬁ&wp&§n&$&3ﬁwgﬁﬁan,
however, | | . |

In a geparate experiment 7.5 graas or:él,C!éﬁlayano~
sucoinaldehyde was #y&rﬁiyanﬁ by one Hundred ml, of 2.
hydroshloris ecid in e side~arm flask equipped with & reflux
sondenser. Hitrogsn was passed in through the side amm, ;aa
sweps the evolved gases ﬁﬁ% the aanﬁuaslw through a dry loe
trap and inte a U tube tillnﬁ with aaaayiﬁt. After three
hours o: bolling the rsua%ian was aa&plntu; but only 1.3
grams of carbon dioxide had been adsorbed, Thin 15 u yleld
of enxy @ngntyunavou per ocent of the theorestical amount.
The bhydrelyels m&xt&rﬁ was 3aﬁuwaeaé,wmth sodium bisullite,
uan no presipitate farwma on.: nﬁe&aa thirty ml, of étanaai'
a 9?!&191&&%& formed which was very soluble in water. 'wnaa
uattﬁiai.eﬁa#rsé a11ght1§ in s flame, 5&& ssensd Lo consist
saw&n&iax&y of uaﬁiﬁm.h&aalrztﬁﬁ |
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SUMKARY

i1. Kethods Tor preparing succinaldehyde have been

reviewed. The literature has been covered through the index

hemleal Abstraets Tor 1942.

2., X ,{%aicysnosuceinsldehyde has been prepared, and
ite physieal and aha&iaal properties have been partially
studled,

3. Three derivatives of the sldehyde form of a, d-fmu
cyanosuccineldehyde hsve bdeen prepared: the anil, the
monoxime and the mono-2,4-dinitrophenylhydrazone.

he Although the encl form ef (¥ .(Xiaicymasﬁwtxmmaw
hyde was not lsolated, & mopo sodium enclate and a
dibenzoate of the enal form were obtalned. |

5, With smmonium sceteate, the aldehyde was sonverted
to 3,4h~dlcyancpyrrole, and this unn@aund was hydrolyzed to
the corresponding aeld.

6. The anil gave l-~phenyle-3,4f=dloyanopyrrole in
boiling butyi acetate, and aleohelic potasslum hydroxide
converted the anil to & nsutral compound ef unknown
structure which had the same eumpirical formula as the
anil and which melted at 135°C,

7. Bydrolysis of C!,¢liéiﬁyancaaaeinaidahyao with
acid gave no sucocinaldehyde. Hydrolysis with alkell,
followed by acidification, gave succlinic acid.



l.

2e

Je

o

Se

6.

7.

8.

2

1C,
11.

iz.
13.
b

i3,
16,

17.

g,

33

© BIBLIOCHAPHY

Adlokes, F. and G, mmcb‘ Einesios end staties of the

decompoaltion of ethyl formate by scdium ethoxide, (VIY.
ﬁg%ﬁm of alkall alkoxides to esters)., Ber. £3B, 9505
& 33

mmt He and Jo L. Rainey, ascetylacetone. (B) (Sodium
ethoxide method) Org. Syntheses 20, 7«10 (1940).

apderlini, ¥, and E, Borisi, Copdensstion of sthyl forme
sﬁg@ gx;d ethyl suecinate. G&=z, ohim, 1tal. 23IX, LLO
p £ 1e

Carriere, E. .i¢jdloe aldehydes; zucolinie semlaldehyde,
Ann. Chim. (9) 17, 43 (19232)

Clemicion, O. L. and M. Dennstedt. Acticn of hydroxyle

amine on pyrrole. Ber. 17, 533-4 (1884).

. and G, U, Zunetti. The comversiom of pyre
70le Lo tebtrumethylene-dlamine., Ber. 22, 1968«75 (1889).

Claisen, L. and L. Fischey. 3Henzoylsldshyde, Ber :
2151-3 11887) | ¢ 40

_ _ » and O, Hahasse, Hitrosoesmphor und canphore
quinone. BDer. 22, 530-3 (1889).

Flelschheuer, K. Condensation of pityriles with osters bg

means of sodlum ethoxide. J, Prekt. Cham, (2) 47, 375~
(1893).

Geuther, L. Chem, 13@ » 635,

Hurries, §, Clesvage of methyl fursne to the aldehyde of
levulinie aeld, pentenonal, Constitution of beech tar. I.
Bar, &c ¥ ﬁlégﬁ)u

« ducoeipsldehyie., Ber. Jh, 1488 (1l%01).

¢ Sueolineldehyde. IX. Ber, 33, 1183 (1902)

_+ The constitutiom of the eyolooetadiene from
iletierine. Ber. 41, 674 (1908).

«» 4rtificlal rubbers. Il. .anmn. 365, 260 (1933)

e« Artificial caoutoebouo from the scientifie
stanipointe A. angew, Chem. 25, 1459 (1912).

" + and P, Hohspemseyr. Monmmoleoular suocinalde«
M& ‘&Q 255: footnote L (19%}1

ij.@; Be 25&;




19,
20,

2;¢
22,
23,
24,
25,
26,

27,

28,
29.

30,
31,

32,

33.

34

Harries, O, and H, Krfitzfeld. Iransformation products
of succinaldehyde, Ber. 33, 3671 (1906).

« and 0, Tark
' Anne 343, 361 (1906),

Hauser, C, B, and 3. i, Hudson, Jr. The acetgascetic
sster condensation and certain reslated ra&utiana, Urge.
Reactions 1, 267-70 {1942}

Jﬁhﬁﬁ‘c’ﬁ’ Tqﬁng de Ha «a&biﬁr and B. T. k‘&@k-ﬁ?#‘i&m&nﬁ@.
LI. Synthesis of cytosine ~5-acetis acid., . m, Chem. J.
33, 761 (1902),

Johnson, 1. B. snd C. ¥, Spek. Pyrimidines., 15VII Syne
gggﬁiiggg’thym&ﬁuwﬁ’-ﬁarbaxrlic eold, am. Chem. J. 38,
L4

KG&M%’%# 3, und K, Yokota. Oucoocindialdehyde, J. FPharm,
S00 ., @am. Eo. éﬁ; 284=90 (192? ) -

Mannioh, C. and H. Budde, OCondensation of suceinie aldee
hyde, methylamine and w&l@nﬂﬁ scid. arch. i'barm., 270,
283«90 (1932) ' ‘

liohael, A« Am. Chem. J. 30, 159-60 (1899).

FPiutti, A. Synthesis of the eshyl aat@r of trimesic acig.
Ber, 30. 537 (1887}, ’

ﬁrivaﬁe oocmpunication.

Heppe, W., He. Kr8per and #. Sechmldt. Diol transformation
gruduet&.'(fo I. G, Farbenindusirie :kt,~0es,) Ger,
’99 945 Bov. lb4, 1940,

Robinson, R, 4 synthesis of tropinone, J. Chem. U00. IIX
762 (1917). ' '

Rothenburg, R. Bthyl formylsucoinate J. prakt, Chem. {(2)
51, 144 (1895),

Sohtpf, ¢, and G. Lehmsnn. Jyntheses und transrormations
of naturel products under payslologleal comditions {model
experiments on the guestion of the bilogenesls of natural
products) IV OSynthesis of tropinone, pseudopelletierine,
lobelanine and related aslkealoids under phyeiclogical cone
ditions. Ann. 2181 1-37 (1935).

St8hler, i, Reactions under high pressure, Ii. The oaddle
tion of esnrbonmonoxide to aleohols. Ber. 47, 580~389 (1914).



4.

35.

36.

37
38,

3%.

b3,

bdeo

35

Cugssawa, 8, uynthesis of sucoinic dlaldehyde. J. Fherm,

oG Japan Ko. mt 551=7 (1327)4*

Willst#itter, R. snd W, Hoeubner. 4 Dew solanucea base,
Ber. 4G, 3871 (1907},

Wiblioenus, W. Ueversl aldehyde acld esters, Ber. 20,

« Formylsucoinic ester Her. 27, 3186 (1894).

and P, Berg. Desmotropy and flucrescense of
ethylese cyanide~oxelis esters, Ber. 41, 3767 (1908).

, _ and A. BOeckler, Kthyl azwtﬁuxniylsan@iaw
ate, ann, 485, 17 and 20 (1895),

, E. BBklen and P, Meuthe., Ethyl formyle
au@e!ﬁﬁﬁa and its relationship with aconic acid, .annm,
263, 347 end 365 (1909). |

, __, G, Butterfass und G, Koken, Condensatlion
1o the aryl eeetonitrile series, I. Formyl (nephthylel}-
sgetonitrile, ethyl formyl (naphthylel)}-ascetate and ethyl
ethoxslyl (naphthylel)e-scetuce, .ann, £36, 69-82 (1924).

| and H., Blvert, Ethylene oyunide mono-and
xf«aﬁiﬁrg I ﬁﬁsﬁrﬂt Ber, . M; 339 ‘191@}!

. and B, Riethmuller, Oopndensutiocns in the
aryiacetonitrile series., IX. Formy)l (naphthylez)e
acetonitrile and ethyl formyl {maphthyi-2)}-acetate, Ann,
436, 82-8 (1924).,

. and W, 3ilberstein, Ester eondensations:
oxallc ester and proplomitrile. DBer. 43, 1825«36 (1910),




