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he intcreonmvorsisng betw-en heroserire, thrronine, and elpte=~
avinobulyrie roid heve been dononetratsds 7The zechanisrm involved in
the convrraion of horoscrine to threcnine hes not been ostedliohed
oxperireriollys ‘liowever, it has been jostuleted thet Lozoscrine undere
goes dotriretinn 1o elpha=ariro-date<bulencie seid {viu lplycine] end
boooces relyirated o rive rire to 4 . recnines 7Thue, screral etter:ts
tave Boen tause o cerry cut e ctexlcal synthe@ls of wirrlslrcine for
e turrces of teetirg L 1s enl other i orics,

Teny unoucceooful etton;te were sale L0 sreiare elphaeerinosheta,
garma=<ibrorobutyric ecid (I) ard slrha«aino=vinylecctonitrils (11)e
It wasz rreojored 42 oblein virylrlycine throush the debroninntion of (I)
or Oy e ryirclrelie of (1I)se Futher atteryts were reo’o ¢9 g nthenige
vinyiglycine throus) the ralonio eoter syntheeiss Thls livolved the
rrevaroticn of phtlelirile diet'viraloncte and reacting witlh: D=bdroro=le
ethercl, 1,2=¢!bronoettans, and acetallehyde usinge jyriline es a eatnlyst,
The detycraticon of e rrivery eleshel resulting fr-u ¢ ¢ ecnlencetion
folled ¢o rive phtiellilde vinplrelenie erters The lelidrchelopenstion
cf the reculting 08l, allesed shitalirtle(Beta=brovoett; 1ieitottyla
relonste, with cudeequent hydrelysie and decorboxyleticn, rrve @ oot
for on unlnovn o 4no ecid wlen eublect ¢ Lo prper crlrostorre;tye The
Cehylrstion cf the cunleneation product, ellered 14 cll: Lle(alrta=tyiroxy=
ottyl =Clet'  lrelorete, obtalned by rescting ecctclletrde ond phitalinide

diotrylralonate friled to pive a vinyl rroupe Unsucceczful results



vere eleo obinined wien tte ithalimile dileti;linlonate wes re laced
by forrylerino-cietiylralenete end sublected to tle orice tyze recctions
riven ehove. lotessiur philielicide diethylraloncte {ailed tn resct

vith el ha=ch:loro=vinylerceionitrile in t'e nor:al wey.
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of crerirtirye T7Thus, he entered ichi-an ftate tie srring querter of 1794,
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INTRCDUCTION

Suring the past decade soientific investigators have recorded many
new observations, learned new faots, and proposed new theories conoorning.
the pathways of biogenesis of the organie constituents of biological systems.
Of these various constituents, the important group of alpha-smino acids has
received considerable attention., Nevertheless, many uncerteinties remain
as to the precise nature of the reactions involved in the synthesis and
transformations of some of these compounds. Arocung these uncertainties
is the nature of the mechanisms which bring about the interconversions
poseible aroung threonine, homoserine and aminobutyrie ncid; One possibil-
ity here 1s that each of these compounds may be converted to a eommon
intermediste, slpha-amino~beta<butenoie acid (vinylglyeine), which then may
give rise to each of the other compounds by the addition of weter or hydrogen.
A direct test of this possibility has not yet been possible, for the
postulated intermediate, vinylglyecine, has never been prepared and its
properties are seccordingly unknown. 4n investigation of various methods

for the chemiocal synthesis of this eompound hes therefore been undertaken.
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RISTCRICAL
A Amino Acid letadolisms
Experimental results obtained by Horowitz, Tess, and Fling (1, 2),

using methionineless and threonineless mutents of Keurospora craesa, gave

specifio evidence for the following relationship between the biosynthesis

of threonine and rethionine.

L€ Homoserine -SEI--ib Threonine
4
weveeee=Pp Cysteine ...‘.i)...; Cystathionine ——e~eee-3p

Homosysteine =—====—a3w Methionine
Buss (3) has shown that there are at least three genetically different

zutants in the group blocked at Stage-d which grow when supplied with cysta-
thionine but not when supplied with cysteine. Fling and Horowits (4) used
these mutents to carry out éxperinentu to obtain a futher insight om the
conversion of cyeteins to cyatathi;nine. The results of s cross-feeding
experiment showed that the éxtraects of any of the three mutants suprorted
the growth of e threonineless mutent, No. 35423 (blocked at Stege B), and

of a homoserineless mutant, No. 51504 (blocked at Stege C). The active
fractions from extracts of methionineless mutant 9666 will support the growth
‘of homoserineless mutant 515C4 in the ebsence of threonine (only L-homoserine
will support normal growth of strain 515C4 in the absence of threonine).
Chromatographic and biological results provided strong evidence for the

presence of L-homoserine in extracts of nethionineless xutant 9666 and of a
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double mutant $666~35423, Since extracts of s methionineless rutant of

Reurospors coressa contained two substances, one active for threonineless

putant 35423 end one for homoserineless mutant 515C4, one may rerard this
as bdbelng very strong evidence to support the theory that rethionine ¢en
be converted to Lehomoserine and threonine under the experimental conditions

used with these specific streins of Neurospora crassa. Strain 515C4 was

employed by Horowits et al (2) in condueting the following study. Strain
51504 was orginally elassified as a threonineless mutent, since threonine
was the only arino seid tested upon which it showed any growth, Of twenty-
five amino acids tested in concentretions of one nge per 20 ce. of medium,
only DLethreonine supported growth. Futher study of the growth requirements
of strein 51%5CA4 showed some factor or factors present in casein hydrolysate
stimulated growth in the presence of srall amounts of threonine, although
no response vas obtained with éasein hydrolysate alone.

Nethionine was the only arino scid tested which stimulated growth in
the presence of threonine. Attempts to replace the threonine portion of
the requirement were carried out by supplying each of twenty-five amino
acids in the presence of methionine, none of which repleced threonine,
Futher tests were made to defermine whether known precursors of methionine
are able to fulfill the methionine requirements of the mutant, and the
results showed that cystathionine and homocysteine (as the thiolactone),
dut not oy.toiné. will support growth of strain 51504 when supplied togather
with threonine. Thus, the authors reasoned that the cleavage of cystathionine

to yield homocysteine and the methylation of horocysteine proceeds normally
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in the mutent, but that the synthesis of cystathionine from cyeteine is
blocked. This suggested thet cystathionine and threonine have a common
precursor wvhose qynthesiu is blocked in the mutant. To futher subatentiate
this theory the suthors searched for a substance which, when supplied to

the organism, would satisy both the methionine and threonine requirements.
DL~Homoserine was syntheesized and found to be active when tested on strain
51504, The activity of Di~homoserine for stmain 51504 is equal to or better
than that of a mixture of DL-threonine and DL-methionine, a fact which adds
weight to the idea that homoserine is a normal biologieal precursor of threo-
nine and methionine. Thus, it appears that homoserine acts as a precursor

for both methionine and threonine in Meurospora cressa. The authors suggested

that the conversion of horoserine to threonine mey involve the dehydrutionv
of homoserine to the beta-garma-unsaturated scino a¢id with subsequent re-
hydretion to threonine. It was also suggested that homoserine may act ss a
specifio axrino group, or even hydroxyl, donor to the irmediate precursor of
threonins.

In similar experiments with twelve suino acid-requiring mutant strains
of Basillus subtilis Teas (%) found that seven required threonine, two re-
vquired threonine and methionine but could use homoserin§ instead, ana throee
required threonine and methionine but could meé grow on homoserine alone.

The indications are that in Bacillus subtilis, as in Neuroespora oraess,

homogerine is a precursor of both threonine and methionine. Cohen and
Hireoh (6) carried out the conversion of L-homoserine into L-threonine by

using a suspension of Escherichia coli and threonine synthase, Threonine
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was found to be destroyed by threonine deaminese at & rcte proportional to
the threonine concentration. Futher experiments were conducted by Hirsch and
Cohen (7) which gave evidence of L-homoserine as an intermediate in the trans-

formation of L-aspartic acid into L-threonine by E. coli. Escherichia eoll,

typ‘ }L eonverted L~horoserine to L-threonine, and also transform L-saspartie
acid to L-threonine. However, mutant ML 52 ean not synthesize L-threonine
from L-homoserine, but transforms L-espartic acid only to L-homoserine. In
the unmutated XL E. coli no L-homoserine 1s detectable since it is converted
very reapidly to L-threonine.

Umbarger (8) earried out quantitative growth experiments with threo-
nineless mutemts of E. coli. Strain RSS=€O grew raridly on L-threonine or
Dl~homoserine but grew slowly on D-threonine, slpha-ketobutyrate, alpha-
aninobutyrate, or L-~isoleucine. Delluva () grew E, coli in glucose-phos=

14

Phate-KH,Cl medium with either C" '~labeled oxalacetats, sspartate, or formate.

The distribution of 014 in the threonine and serine indicated that a four=-
earbon unit wes the source of threonine. Kalen and Ceithaml (10) carried
out experiments which involved the blosynthesis of rethionine im E, eoli.
Four groupe of methionine-requiring mutants of E. eoli, strain ¥, were
isolated by the penicillin method, one of which would grow on alpha=arino-
butyric acid, homoserine, alanine, valine, isoleucine, as well as methionine,
homocysteins, and cyatnthionino. The results odtained from these experi-
ments are consistent with the hypothesis that a four-earbon unit, emino

acid, 1s a precursor of methionine in E. coli., Cohen, Hirsch, ¥iesendanger,

and Niswan (11) found that extracts of E. coli converted L-aspartic acid to
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L-threonine, Extracts of Ee coli KL 52 possesses a glucose=6-phosphate
dehydrogenase which ean couple with the system reducing the aepartste to
hozoserine through trijhosphopyridine nucleotide (TiN)e Extracts of E.

coli B 134 can not reduce aspartyl phosphate to honoserine. Extracts of

e third mutent are able to couple dehydrogenation of glucose=6~phosphate
with reduction of aspartate, but homoserine is not formed, The sequence for
converting mepartate to homogerine ie postulateld to bes =—-=———3» bota~
sspartyl=phosphate ———————w X ------> L=horogerine. %ith homoserine
as substrate, extractu‘of E. coli B 134 form srall amounts of an alpha-keto
acid in eddition to threonine. Extracts of E¢ coll (12) were found to re-
duce aspertic acid to horoeeri:e in the presence of glutaric acid, tri-
phoephepyridine nucleotide, and edenceinetriphorphate (ATF). Homoserine

was transforred to threonine in the presence of ATF and pyridoxal phosphate.
Black and Wright (13) carried out an experiment which dezonetrated an enzy-
ratic reduction of beta-sspartyl phosphate to homoserine. Wctanabe, Konishi
and Shimura (14) demonstrat?d the biosynthesis of threonine from horoserine
in aqueocus extracts of acetone-dried baker's yeast.

Several experirents have dexonstrated the conversion of threonine to
aminobutyrie acide Culture filtrates of various bacteria grown in casein
hydrolyzate rmedium were examined by paper chromatography by ¥olwod and
Froom (15) for the appearance of new ninhydrin spots. It was found that

vashed suspensions of Staphylococous sureus cultures produced alpha-amine=

butyrie acid from threonine possibly by the removal of the hydroxyl groups

Lien and Greenberg (16) carried out both in vitro and in vivo experiments
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which demonstrated the interconv.rsion of threonine end erinobutyric acid.
In the in vitro experiments, racicactive threonine was incubated with e
suspension of cytoclasmic macro granules of rat liver in a synthetic redium,
In the in vivo experiments, each rat was injected intraperitoneelly with one
to 40 rg. of Clh-laboled threonine dissolved in 1 cc. of water. The results
from both in vitro and in vivo experiments geve evidence thet LL-threonine-
2-01~ was converted to slpha-axinobutyric scid.

The identificetion of alpha=-axincbutyriec acid formed during trreonine
incubation vas based on a positive reaction with ninhydrin, the coinocidence
of the ninhydrin spot of known alphe-aminobutyric acid with the radicsctive
raterid) fror the peaks as dedermined by racicautogrerhy after two-dimrensional
chromatogrerhy on paper, and the very clcsc ccincidence of the radioective
peak end tre ninhydrin peak when e portion of the =cterial vae rechromato-
graphed with 10 mge. of known alpha=smincbutyric acid cn e Ccwex colurmne
The tentative identificetion of the few nicrograze of alphe-azinobutyrie
a¢id, by Lien and Greenberg wes baced largely upon chromstographic evidence.
In order to verify the previous identificaticﬁ, a large scale enzymatie
preparation of alphe-azinobutyrie acid was performed by Lien and Greenberg
(17) using K15-labeled CL-threcnine. The yleld of alphe-scincbutyric adid
wes much higher when threonine was incubated with a rat liver homogenate
in KCI-KHCO, buffer then when the incubation was cerried out in the cyto-
plasmie macro granule system. The alpha=-anircbutyric scid was cheracteriged
by eonducting e ricro-Kjeldahl nitrogen determinstion, ;n infra-red spectrum,

and a cherical degredetion. The fact that the trensforzetion proceeds by
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the way of slpha-ketobutyric scid sugpeste a deamination step, with sub-

sequent transamination to form alpha-aminobutyric ecid as followes

VHQ «~ HCR NH') g
-ca-ca-coon m—mreeee3> CHy~CH=C~COOH —-—-—-}cnrcaz-gcoon

5
(Threonine)
08 ! (transamination) KH,
LEH 5 Ci25=CH,=C~CCOH > CHz~CH,~CH-GOOH
- KHx - (e ,)ha-tn.inobutyric)

acid
In & study of serine and threonine deaminese activities of wild type

Neurospors crasea, the formation of alpha-ketobutyric acid from threonine

has been demonstrated to teke place in cell-free extracts of N. crassa by
Reissigz (13)« Lenti and Grillo (19) found that in quiescent suspensions

of E. 6oll there is active deeminetion of DL-threcnine to alpha-ketobutyrie
aoid,

Heyns and Walter (20) demonstrated, by chemical zmeans, the formation
of alphe-eminobutyriec acid frem threonines Threonine hydrochloride heated
a few degrees sbove the m.p. (140-2) decomposed with gas evolution and
darkening, and after a few minutes alpha-arminobutyric acid was formed.

Only threonine gave this resction; under similar conditions serine gave
alanine., Wieland and wirth (21) have conducted similar experiuents.
Arzstrong and Binkley (22) reasoned that alpha=-amincbutyric acid zay serve
as & lubntitﬁte for methionine and threonine, involving a nechaniswu as
simple as alpha-beta~dehydrogenation followed by readdition of water to the

unsaturated amino acid formed.

NHs - 2H NH» HOH
. x5
Hy~Clip=CH-COCH =mmmm—3» GHi5-CH C-GOCH ---.-) Cliz~CR-CHZCOOR
OH
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Diets lacking in nethionine and in threcnine, but sdequate in all other
respects, were aluinisterad to young white rats, and the ability of alpha-
szincbutyric acid to substitute for each of these was tested. The results
showed that alpha=-sirrinobutyric scid can neither substitute fcr threonine
ror provide the }our-carbon chain for the synthesis of metihionine under
the conditions of the experinent. Armstrong and Binkley (23) conducted
experimrents to deterrine whether young white rats vere able to cerry cut
the synthesis of =ethionine from ho;oserine. cnoline, and cyetine. 48 a
results of tle crowth experiments it wes concluded tiat Jl-homoserine in
the presence of cystine and choline will not substiiute for vethionine
under the conditions sprecified. Fronageot and Clauser (24) deronstrated
the non-reversibility of the converaion of nethionine and threonine to elpha=-
arinobutyric acid in thre rat.

Experiments conducted by Fairley (25) demonetrated thet either sc.ino-
butyrie ecid, horoserine and threcnine could support the growth of ecertain
pyriridineless straina of N.craesa. Amincbutyric acid end horcserine vere
about equal in ability to prowote growth, while threonine wes ccnsiderably
poorer in this raspect. These results indicste that, elthough the eompounds
are Interconvertible or convertible to a conron interrediete, honcoserine is
nct converted to arinobutyric acid throygh threonine, and strengthens tie
possibility thet vinylglycine mey be the centrel conpound in ihe irter-

conversion reactione.



B¢ Chemicals
Ceverel thesretlcel retivays for the chemicel eyntheeis ¢f alpha=ac:inoe

beta=butensic sctd (vinrlglyeina) =ay be nrenomed, hut, s eerrch for the
proper eonditiors to transfors traee trecreticcl pethunve 4nto rreeticed
epplications vry rrove to be lers frultful. 2s Lins been inilcstcd, e search
of the litersture rcveulc& tket vinylrlycine Yes not been re-orted in eny
resvects 1lus, in etteuvts to syntheslze tris ocupound the nrecaration and
cheuicel dbehnvior of ccrpouncs possecssed of moleculer structuree clos-ly re=
lated to that cf vinrylprlycine should be of rreat sirnificences
Before cne attesrts to cerry ~ut any type of gvnthesis, wirlch «icht
lead to the for-otion T & ooupaund such ss vinylrlycine, nany sirnificant
factors ere ccrielirredy For instances the stedility of Lie corizund, is
14 most stinble am 8.ch, #3 & nalt, cr sors other derivative; wisct are tte
siprii'icent properiles of each intervedlates for o specific s nilralsy viet
concitione are neceseery tu cctivate tre last reselicn in the formation of
the final ;rocuct, end will there condidiions be sutficisntly crestic to
provete ceconteeitiscn or etructural ehanzes In tin ~ulecule 2 14 18 for e}
and ot ¥ elly, 13 tre corpound etadle unier noroul cunuiticng, lete rocek
terserature, if nct, to what cocnditions ~ust eald ¢unpruni be sudbjlected to
ffect sliblilizetion, and what apppusch ehaould be mo~laoved Lo Unnesk thase
ideal cor.itinnms without effecting the compound in Lhe process of Culng ocoe
An aheolute suswer for these and ot'er questicns sbcout a conpuun’ which hes
nGt been £rnl' ceized can nut bo obtsined, but ane cun rabe use of & theoreti-
cal eprroech and whetevsr correletions osn be derlved by o nloving the bee
hevicr of closely related e bstences,
Linotesd, 'ohble, and Jner-an (2€) rote a etudy of .et!ois fur the

preraration of Zf-oloflnlc scids with unhranched ctalins, snd rrensured thnt Lle
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resulte are asrlicable to acids svbetituted by elkyl grours at the delta-
carbon or beyond, lg-n’Sutenoic scid, prepared by the triethenclsrine
base-eatelyzed method, was obteined in an optirur yleld from ralonic acid
and an excess of acetalderyces, The method of louben (27) cave vinylecetic
acid from allyl broxzice, and carbon dioxide by the grignaerd reactions This
compound yielded a dibroride correepondiry to thst prepared by Fichter and
Sonneborn (28). Using esesentially the method of Bruylant (29), Linstead,
Noble, and Boormen obtained the best ylelde of vinylecetic acid, by starting
with allyl cyenide. It was found thet vinylacetlic ecid, although essily
isomeriged, ir not an exceptionelly uretable substence when kept at rcom
terperature in the pure state. Vinylacetic ecid gives she reection of a
carboxyl corpound and of an olefin practiecally independently of each other
because there is no conju;ation of tie unseturstion in the two groupse Cn
boiling with dilute acids or slkialies, vinylecetic acid chanzee to erotoniec
acid, Omeecus H3r causes this change even at gero desrees. Concentrated
alkalies produces two molecules of acetnie by shifting the dcuble bond and
splitting the alpha=beta unseturated coﬁpound e it is forred. The chenge
from beta-gerra to alpha=-beta urisaturation in e streciplht chein acid As easy
because of the greeter lsbility of tle alpha hydrogen as compared with the
garxa hydrogen. In one resction, vinylecetic scid shows a corplicetion
between its two reactive grou;se It reedlly chenges to butyrolactone
because, the carboxyl and ethylene linkages cen epproach éuch cther closely
in space (37). This is a very gencral property of beta-ganma unsaturated

acids, end particularly the four-carbon acids.



\i<)

Raxband (31) made a study of intramolecular trenspositions and influences
of acids, esters, and nitrile groups on intramolecular transpositions of the
allyl type. Double decomposition reactions with alpha=substituted unsaturated
sompounds of the forrula RCH=CH-CH-R' gave "normal procducts® of the type
ROF=CH-CH=-R' and “abnormal produﬁta' RCH-CE=—CH~R' by intramolecular trans-
ponitioz of the allyl type. Rarband m:de & study of the influence that the
nature of the radicals R and R! has on the orentiation of the reactions
giving rise to two classes of products and in particuler the effeot of CN,
COOH, COCR! on reactions in which an allyl tranesposition is poesible. The
isomerization is proposed to teke place in the sense RCH=CH=CH-R! ewceac=d)
RCH-CH=CH-R' by the migration of a negative group (anionotrogy) or by the
c:.ift of e hydrogen atom, RCH=CH—§H—R' e RCHz-Cwa-R' (prototrophy).
4 series of reactions were oarried out on CH, CH-CH-R'! where R' is as followss
R! equal CN (I), R' equal CO6OH (I1I), R' equel coogf (II1), R' equal CCOEt (IV),
R' equal COOPr (V), leaving R' intact but substituting the alcoholiec “OH®
group by another nerative group (Cl, Br, AcO and K-Etz)o The direct acetyl-
ation of I, II, III, and IV with AcCNa went norrmally end gave satisfactory
yields of sl ha-acetins which were extremely resistent to isomerization.

The acetyletinon of trans-ganma~hydroxyckotonic ecid, HO=-CHo~CR=CH-COCH,

gave the expected garma-acetin, AcO—CI{2-08=CH-CCOH. The action of AeONa

on garma~brorinated esters, Br-CHz-CH:CH-COOR. gave garra~-acetins by a totally
norzel reaction. The alpha-acetine were saponified norrally to the acid by

the action of dilute alkalies. The nmore stable garra=-acetins geve, after

heating with KCH for severel days, a hydroxy acid with all the clieracteriséics
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of gamma-hydroxyorotonic acid. Saponifiication of the garms-broroesters with
cold AgCH gave germa-hydroxy esters. In a chilled solution of KOH and Ba(CH),
the saponificetion of the gamma-bromo esters geave garma-bromocrotonio aeid.
Cn boiling, the hydrolysis becare complete, the reaction remained normel

and gave gamma-hydroxycrotonic acids The ga-ma-bromo compounds gave garma=
auinee on treatment with enhydrous diméthyl amine, (CHB):?’QK. in dry ether.

Chloronation of CH,y=CH~CH~CN, CHy=CH-CH=-COCKe, CH;~Cl-CH-COOEt, and
i CH OH CH
CHZ'-'-CH-gg-CCO}r, with 80012 in the presence of ppridime gave excellent
yields of the expected alpha=chlore=derivatives. @orma-fydroxycrotonic scid

was chloronated norwally to the known gamma=chlorocrotonic acide The abnormal

reactions by suionotropy according to the schese LY £ CH,=CH-CH-R —
X

CHZ—CH:CI{-R were studied by the bromonation of the alpha=-alcohols, the trans~

Y

forration of the elpha=bromo=derivatives into mcetine and alcohols, and the

action of Ca!ir2 end HCl on the alpha=chloro compoundss The prototropic

abnormal reactions following the echeme CI;—Cli=CH-R e——————3p CHx=~CH=C-R
' X X

vere investigated by the action of NeCH on the alpha-chloro coupounds, the
sction of NH§. Et?rili, and AcONa on the elpha-chloro esters, the .nction of
strong ecids on the alpha-chloro esters and nitriles, the aétion of bases
on alpha=-hydroxy scids and esters, the action of acids on the alpha=hydroxy

couzpounce, and the action of PBr, on the alpha-hydroxy nitriles. The resulte

3
have been compared with thosze ebtained in analogous etudies where the CN,
CCOH, and CCOR functi~ns were replaced by e hydrocarbon residue or by a

hydrogen atcme From a cormparison of the tabulated results it is evident

that the presence of a groupy COOH, COOR, or CN, in the alpha-position to
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a negutive proup susceptible to migration, acts as a stabilizer end hinders
the slpha,gzanma-nigration by allyl trensposition to a certain extents It
favors tle rigration of tlie Lydrogen atom attached to the sace carbon atom.
The gamma-substituted acids, nitriles, snd esters do not seem to give any
abnorrcal reactions either by anionstrony or by prototropy.

Rambead (32) coniucted futher investizations on the ;reparation and
behavior of alpha-hydroxyvinylacetic acid and gome of its derivatives. Large
quanitites of pure vinylglycolie nitrile, CHé:CH-gz-CN and Prom it the corre~
sponding acid and ester have been prepared. Thcee.compounds react with 30012
and Ac,0 in the norual wey without auy isomerizetion or trunsposition of
any kind, T%he gaura-bromo-croiorates yiclde auines, and acetins by norzal
reactionee. [ peecing cry ECl in ccld solutions of vinylglycolio nitrile,
CHéZCH-gg-CX, in ¥Ke-CH, Lt-CH, and pr-CkL, boiling the snturated solutions

under reflux, po:ring the reacticn cixture into a lerge volure of cold water
{

and extracting vith L1,0, gave the esters Cli=CH-Cli-CCCie, CHé:CH-CH-CCCEt,
- !

OH OR
OHé:CH-CH-COOLr. The hydrolyeis of vinylglycolie nitrile by dlfuto EC1 at
" CH
zero degrees gave a yellow sirup which is laborious to extract with EtZO

end difficult to purify either by distillution or by iscletion of the gine-
ealt. Irectrent of alpha~hydroxypentenonitrile with Ac20 and AcClia gave

alpha-hydroxyvinylacetic acid, CH,=Cl=CH=COCH, which ebsorbs bromine. %The
CH

dropwise eddition of 8CC1l, to cold nixtures of the estere of vinylglyeolie

2
acid with pyridine pave the alpha-chloro-derivatives. ga-ma~lydroxycrotonie
acid reected violehtly snd gave garma=-chlorccrotonic aecid, ClCHa-CB=CH-COOH.

The saponificstion of the methyl ester of alphe=-chlorovinylacetic acid by
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heating with dilute ICl for thiree hours geve the acid, Cil, CH-CH-CCCH,
which ebscrbs brorines @

Thie docw ent is pricerily concerned with the investipation of synthellc
rethods appiceble to the synthesie of viuylglycine. Thus, wiih esn inticate
evaluation of properties, rethods of prepargtion, sa:id specific reactions of
closely related substances, a number cf pathweys have been proposed and
investigated with respect to the above synthesise.

Should acrolein lend itself to the genersl r;actions of eldehydes, with
rinimun condensation and polyrerization, it would serve as an excellent
starting roterisl for this synthesis. Both the clefinic and aldehyde groups
are sensitive to oxidation, kild oxication (takes place even in sir) zive;
glyceric acid, CH2 [i=CHCH=-CCCH, and rore vigzcrous oxidetion breaks the chain.
The unsaturated nature of acrolein is shown by its yreat instability and i
tendency to poiymerize. However, sccording to koureu, acrolein can be i
preserved for much longer periods by the addition of exall quantities of
other substances, themselves easily oxidizable (phenols, hydquuinono; eto. ).
The olefinic group can be protected by brominnttoh while the aldehyde group
is entered into reaction. Thus, it appears that, efter tie protection of the
ethylenic group by bromination, the Strecker synthesis might be applicable
to the forxstion of alpha=-amino-bete,gemma~dibromocyanchydrin (II), with
subsequent debromonation of the amino nitrile (II) to give the unsaturated
compound (V), which could readily be hydrolyzed to alpha=-amino-beta-butencie

aeid (IV), or the debromonation of the cdibromo amino acid (III) would also

give (IV), However, the debromination of (III) would probably prove to be
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less practical, since the produet (IV) Les a very goold clisnce cf foruing
ths corresvondin; lactone under the conditicns which would be in effecet
during the debrorinstion. The above course of reactions ere illustroted by

the follewing equationss

CHFCH-CHO £ Br, =m—ee—ee——pn BrCH,~Cil3r-CEO

(1)
K,
BrCH,~CHBF-CHC # NH;Cl £ NaCN —————===3» BrCH,~CIBr-CH~CK
(11)
TH, il
BrCH,,~CH3r-CH=CK —>» BrCH,~CH3r-GH-CoCH
2 2
(111)
- Br, = Br,
X1, NE
CH,~CH~CH~CE > CH,=CH-CHECCOH
(v (1v)

Atterpts were nacde to prepare (V) directly by a rodifiention of the
original Strecker synthesis erpioyed by Barker and Skinner (33), Zelinsky
and Stendnikoff (34, 35). kild hydrolysis of (V) would give (IV). The

.‘recctionl are as follovss

Ty
CH;CH-CIO # KOl / Nalli ———p= cnz:nn~czxgcn
(V)
KH FH
CHZOH-CE0N S G =CH-CHECCOH
2
(1v)

Rarband (31, 32) end Glettefeld (3€) prepared vinylglycolic acid (VI)

from aerolein. Remband converted the alecohol group of (VI) to the chloro~
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derivative (VII) by reacting it with 86012 end ryridire., kary unsuccegsful
ettexpts were maeds {o replace the cliloro=group elso with other groupse. Cne
such etterpt involved reacting (VII) with NH§ which would normelly give tre
oorresponding elpha-erino derivative, but an ebnorral resctiocn resulted.
However, no atterpte were mede to remct (VII) with potassium phihalinide.

The high terperature necessery for this reaction ic gc at a recscnable rate
rakes it queetiocnable, ac to whether (VII) will uncergo pclyrerization rather
than react in ti:e norcel ways. Should this recction proceed in the nornmsl way,
1t would zive rise 40 an intermediate (VIII) which could readily be hyirolyzed

to give (1IV).

Cii
CE,CH=CY0 # NaCN f AcCH e=—====3» CH,ZCH~CE~CK
(v1)
oH c1
CHz:CH-CH-CN P gecl, # pyridine ---3 CE=CH-CE~-CN
(viI)
cl
CH,=CH-CL~CN £ K- (Hy cnez.-cn—cg-n<c :>5H4
CN ¢
(viI1)

A BH,

CE=CH~CH-} \co> g > Gl =CH~-CE=COOH
cN

(1v)

dttempis were rade by Voorhees (37) to introduce the vinyl croup

directly into mslonic ester through the resction of vinyl browide with the.
sodium derivative of phenylnalonic ester. All atterpts in this direction
were unsuccessful. Voorhees eand Skinner (33) medlo ettempte to prepare
vinyl enalogs of barbital (veronal) end phenobarbital (luminal) by the

introduction of the halogen ethyl group into the mono-alkyleted ralonie ester,
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with subsequent eliuvinstion of helogen acild direcily or inlirectly, and
condencativn of the resulting compound with ureae They atte:rpted to prepare
direthyl phenyl-vinylralonate through the following ketene bul th:e relduction

did not proceed in tre desired nanner,

03{3-CDC0CCH5 (reductlon)} cn;ca><fccc!z3
Cet ~CCH ) Cered NCooCHx

b
P 3

(Direthyl phenyl-scetylmalonete) (Direthyl phem-l=vinylzalonate)

- LA

Dietlyl beta-chloroethyl-ethylrelonale wee obteined ia =07 yield fron
the condencation of ethylene chlorc=icdide with ethyl nelonic ester. The
conversion of direthyl etlhylchlercethylralonate to direthyl etnyl=vinylmelo-
nate was ettempted by refluxing with freshly ;owered colciur oxide in xylene
end with ecdiun etlylute in ether reeulted in the fecovery of the unchanged
ester. lHeatling in scsled tudbes in ether sclutioa vith scliur etliylate re-
sulted in the breeizdown to lower boiling esters. ‘hen the diethyl ethyl-
chloroetlylmalcnate ves hested with direthyl amine in ebsolute ether in a
sealed tube diet'yl beta~direthylarine-ethylmalonete was obteined. All of
the adove wethods feiled to b aprlicable for tie intrcduction of a vinyl
group in subetituted nalonic esters.

Cope and icZlvein (35) proposed two seemincly poseible rsothede of
synthesis of vinylethylralconie esters The first of there invilvel ths
preparation of thc quaternery salt {II) sal tl.e dsccuposition of the corre=-
eponding base by dietillotion into the winylethylioelonic cetcrs The pre:a=

retion cf s2lt (II) was stterpted oy reecting trinethlovine with ethyl-
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(beta-brosoetlyl)-ralonic ecter (Ijes 1Ihis reaction, when carried cut under
conditicne viilch geve & satisfactor’y rrte of reaction, geve tetratetlyl-
ezwonium bromide rather tian selt (II)e Tlhe rislonic esier wue isolaied as

the hydrochlorice of etlyl(beta-direthyl-asincethyl)-malonic ester (I1II).
(caj)}m P arcrz?-cn)_-f:(ccom)z ——— (cH;)}::-c:ze-cng-Z:(coozt)2
&~

(1) (11)

GHigBr ] (cx:§);_;:-czaz-c;{z-g;(coom)a(c;<5)5x s Chig3r —— (0:15)431-
(111)

It wes found thet $C)0 of (II) precipiiated wlen the reectants were allowed
to etand in etrer solution for several weeks. 3ut, due to the joor yleld
and the tire required, tlie euthors abancone¢ thie method as being irpractical.
The second and successful metnod of eyntheeis of vinylethrlmclenic ester in—~
volved the reaction of l,2-dibrocoethene with sodio-ethylualonic ester, fol=-
lowed by the reduction of thre ethyl(beta=bromovinyl)=zalonic ezter (IV) with

gine dust a:d eicohol at 17C degrees to virnylethylrelonic ester (V).

BrCR=CIBr £ o4 “c-(Et)(ccent), —————m BrCH=CH~C-(5t}(COCEL ),
(1v)
~meeeeweP® G =Cl-C-(BL)(CCCEL),
(v)
The ebove reactions ere somevhat rielee:'ing in their sir:licity for the
preperation of et 'yl(beta-bromovinyl)=ralonie ester (IV). The vost favor-
able conditions of reaction produced elong with (IV) an approxinzately equel

quantity of a high-bolling, dromine-~free tricarboxylic ester. This eompound
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wes shown to be 3,6, (ytricarbetioxyccetine=% (VIII), which vee forred from

ethyl(beta-brorcvinyl )=meiocnic ecter by the following reections.

(a) Breiaru-C-(tt)(0CCEt), £ Et-0H ccmeeeee3m  BrCH=CH~(H-COCEL
t 0:0-(0£t)2
(vi)

(b) BreU=CH~CH-COCIt — BrCHE-CR:‘Z OCTt
s t

(vi1)
, - A - . . ﬂ -SSGEt »p—gicst
(¢) srcx{z-cr,:g-cwu £ Xa C-(Rt)(ucCit), > Et é_—pg;c.. Et
‘t coct

(VIII)
The orgin of the alcohol neceesary for reaction (a) was unex>laineble et
first since the reection between 1l,2-dibromoethene and sodio=ethylralonie
ester had been carried out in absolute ethers But, a further insight into
the reaction involved in the formetion of the sodio-ethylmaloniec ester showed
thet only 7775 of the theoreticel quartity of hydrcgen was evolved, thus 23%
of the socium used Lad reduced trne malonic ester inrtead of forring the
sodium derivetive. vhich provided sufficient elcokol for the reection to
take place ir tlte forration of corpound (VIII).

Sorensen end Andereen (4C) reacted two moles of sodio-phthalimidmalonie
ester with one role of 1,2-dibromoethane and obtained ethylene-3is(phthalimid-
malonie ester). 3y using an excess of 1,2-dibromoethene (41) and carrying
the reaction e eten further, they obtzined the lectone of beta—oxyethyle
phthalimidrelonic ester. The lrctone wae believed to have been forzed from
phthaliride(beta=brornethyl )-melonic ester by the lose of etkyl bromide. No

atterpts were ra’e to isolate and cheracterize the allesed intermediate in

this experiment. @arma-Bromopropylphthelimidmalonic ester has been preoared
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by this rethed, FEeuser (42) et als carried ocut reaxctlons involviag the de=-
hylrohelogenation of 2-phenyl=-l=broroprognne ard 2-phenyl-l-brorobutene with
poetassium aiice in liquid ar~unie to forx largely unrearranged olefinse The
rescticn or 2-phenyl-l-brorobutsne in the presence of lsess tran an equivalent
of potassiunm a-ide gave 2-rlienylbuterne-l, vitile the reaction cf this bromide

with an exeess cf potessiur amlide ylelded Z-phenylbutere-2 es shorvn delows

(excese bromide)

= Cli,~CH .
3 z-g:x: 2
Br/ (H"

(2-prenylbutene-1)

CH,~CH ~CH-CH,
7 T CLE (excess ¥=NH.)
€4 2 > c

+wCHC~CH
7 &y’
(2-prenylbutene-2)

The forration of 2-phenylbutene~2 is explained on the basiﬁ of the prototropie
change of 2-phenylbutene~l, which was presurably first forred, the change to
2-phenylbutene-2 being brought about by thke base.

8tould a brcmide be prenared which could be dehydrohelogenated to give
the correependin: olefin and possersed of a estructure xhich would not permit
prototropic isorerization, one ecould introduce a vinyl group inte the proper
structure which would give rise to alpha-arino-beta-butencic acid. Thus, 4t
was concluded that phtheliride(beta-bromcethyl)=diethylralonate (XVIII) would
be a suit=ble corzound to test this theory. The synthesis of (XVIII) meay
be eccerrplished by starting with dlethylmalonste end preraring monobromo-
diethylmalonste (XV), which gives phthalimide diethyl-alonate (XVII) when

condensed withk votessiur phthalimide (XVI). By properly deesirnins and

carrying out the reaction it should be possidble to condense 1,2-dibromo-
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ethane with the sodio-derivative of (XVII) to give rise to (XVIII). However,
the stability of (XVIII) may prove to be a major factor. The dehydrohalo-
genation of (XVIII) with potassium aride in liquid ammonia would give rise
to (XIX), which would form (XII1), (XIV), and (IV) upon hydrolysis, acidifi-
ecation, and decarboxylation respectively. 1t would be necessary to use an
excess of potassium amide in the dehydrohalogenation of (XVIII), since the
1iquid amronia would react with the ester to liberate ethanol which would
subsequently react with the potassium amide forming amronia and potessium
ethylate, leaving no potassium amide to dekydrohelogenate the bromide. The
yield of (XIX) 1s also questionable, since the dehydrohalogenation reaction
will bde competing with the forration of the correspondins a-ino compound,

The reactions involved are as followss

OCEt COEt
B=G~H # br, =» H-¢-Br
OOEt COET
o, (xv)
H<cof6ﬂ" £ KCH = x~<:>6ak
(xv1)
00Et COEt
gar  f “<:>e“4 —> "‘{"<>6*’4
COEt OOEt

(xvII)



COEt
L
COEL

OOEt

orH,
CH=CH -4<::> &
ONH,
00K
CH=CH-G-NH,

COCK

OCH

CH_~CH

F-CH¢-KH,

OOH

It wae of intereet to further the basie idea involved in the preparation

(23)

OOEY
4 K OBt > W “<::>6ﬂa
00Bt

f BrCHsCHBr =———cd»

( - HBr)

(11q. NH5)

PR G

Y} G-

(=co,) >’

005t
0
BrCHsCH, -|<o>o N
005t

(XVIII)

o,
> cHzCH a<:> &
ONE,

(x1x)

00K

OH ~CH~¢-FH,
K

(X111)

OOH

CH=CH~¢~NH,
R

(X1v)

caz:cn-gg"’-ooon
(1v)

of (XI) and (XV), primary and secondary alechol functions respectively, by



(24)

replacing the formylemino group with a phthalimide group, employing essentially
the same experimental eonditions. The resctions involved in the preperation

of the primary elcohol function sre es followss

0OEt Et
- -<z>c (s # Br-CH,=CH,~OH ==-——3» HO-CH,~CH, "<::>6“4
00Et OEt
(xx)
0OEt OOEt
o ( - HOH ) >
HO~CH,~CE, 4<0>6m CH,~CH -x<:>634
OOEt 00EL
(xx1)
Bt X
CH ;=CR o:> &, # YoH > cxzzcaj;inz
0O0Bt X
(X111)
00K H
cnzzca ~NH, ¢ HCL > CHyCH-Q-NH,,
00K H
(x1v)
OOH
- (0,) NH,
CB_~CH~q-NH, > CH=CH-GH~COOH

O0H (1v)
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The reastions involved in the preparation of tre secondary alcohol

funetion are as followas

OOEt iocm
ca,
H -|<:>634 # CH=CHO f Fyridine —_— Cry~CH _'<Eo>‘H“
0CBt 00Et
(xx11)
00Et | GOCER
( - BOH ) c
CHB-gH -x<::>6na > CHCH &
COOEt OOEt
(xx1)
0Bt 00K
°“z=°3‘i‘“<::>6“4 # KOH ——————eeme CHy=CH-G-NE,
COOEt 00K
(x111)
00K CoR
CH=CB-4~NH, ¢ HC1 ) caz—.in ~NH,
00K COOH
(x1v)
0CH
(- 002 ) NHp
CH;—CH-G-KE, } CH F=CH=CH-COOH
OCH (1v)

Several xethods have been employed for the introduction end proteetion
of an amino group on malonie ester in the synthesis of alpha-srino acids.

Rederann and Dunn (43) carried out a nitrosation reaction using butyl nitrite
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and maloniec ester, with subsequent preparation of the acetylsminonalonie

ester (44). The acetylation of the amino group gives a relatively poor yiekd
by this method. Galat (45) used sodium nitrite and acetic acid in preparing
aitrosoralonic ester, B8ubsequent reduction of this compound, by the procedure
of Conrad end Schulze (4€), will give formylaminomalonic ester which may be
employed as an intermediate in the preparation of alpha=amino acids, Galat
(45) has erployed formylaminormaloniec ester as an interrediate in the synthesis
of smino acids. By using this intermediate one can enjoy several advantagesj
higher yields, reduction of nitroscmalonic ecter (IX) to forrylaminomelonie
ester (X) without having to prepare the Nederivetive in a eseparate step. Thus,
it was felt that this interrediate (X) may be ueeful in the preparetion of
forrylamino(beta~hydroxyethyl )=diethylmalonate (XI). Subsequent dehydration
of (XI) would give rise to formylarino-vinyl-diethylralonate (XII), providing
no structural resrrangements occured. Hydrolysis of (XII), base catalyzed,
would give the galt of arino-vinylmalornic ecid (XIII). By liberating the
free acid (XIV), decarboxylation could be accomplished vithout too many dif-

ficulties forning (IV) es followss

0Bt Et
HY-H  # FaOl0 £ &8OH o—e——emepp H-G-K:0
0OEt CO0Bt
(1x)
COER OBt
a—T-n:o # Zn-cust # HOCH ememempe H-G-NH~CCH
COOEt OOEt

(1)
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OOEt OOEt
£ o= i -
H-Q-H-COH £ Na OEt =———————=== Na  (-NH~COH
COE OOEt
cont 00Kt
M 7 ¢-NH-COR £ Br-CH,~Cdl,~OH —————=3» HO-CH,~CH,~¢-NE-COH
005t Bt
(x1)
COOBt 00Bt
(- mg) '/‘
W9-CR,~CR ,~¢-FH~00R > GH=CH-(-NH~COH
COEt OBt
(X11)
0OEt 00K
CH50B~4-NE-COR £ XOH > OH;—CH~¢-NH,
OOEt 00K
(X111)
COK 00H
CH CH--H, 4 mol —w CHFC H,
00K CooH
(x1v)
H
CH =CE~0-NE, >- CH>=CH~CH=COOR

OOR (1v)
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The meajor problem which will be confronted in this synthesis involves the

dehydration of the prirery alcohol function without eifecting the remeinder

of the molecule.

Further attempts were made to prepare a siciler compound

which would undergo dehydration with greatcr ease. Thus, the cehydration

of for.ylanino-elpha=kydroxyethyl-diethylmalonate (XV), contsining a secondary

alochol function adjacent to a tertiary carbon atom, would give rise to the

vinyl compound (XII), providing no zoleculer rearranguent occured.

Subse~

quent hydrolysis, acidification, and decarboxyletion of (XII) would give

rise to (IV) going through (XIII) and (XIV).

followss

The Peactions involved are as

COEt OOEY
B-C~NH=-COH A cn;cm £ Pyridine —-—} cn;cn ~NH=-COH
CH
COOEt OOEt
(x) (xv)
OOEt OOEt
( - HOR )
Olty~CH~G~NH-COH P CH;=CH-C_NH~COH
OH
COOEt OOB%
(x11)
OOEt 00X
CH-CH-¢-FH-COH  / KOH }- CHCH 3
CCOEt OOK
(X111)
X OOH
CH;=CR-{-XH, / HOl }- CH5C
COOK OOH

(X1v)
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COH
(- coa ) NH,
CH,=CH-C-RA, CHCH-CH=COCH
COR (1v)

The limiting factors in the sbove eynthesis mey involve the extent and
rate which the aldol condensation between acetaldehyde and (X) will go in
the formation of (XV). Malonic scid readily condensees with eldehydes in
the presence of organic bases, but the methyl, ethyl, end pronyl esters
would be expected to effect the condensetion to different degrees, as well

as the substituted group.
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EXPERIMENTAL

ACROLEIN SYNTHESISS

Experixent~l-as

A 2 1. two-nacked round-bottom flask wes equipped with a stirrer and
a dropping funnel eo erraenged thet the stem alrost touched the stirring rod.
Into the flask was placed 150 cec. of carbon tetrachloride, €6.6 cc. ( 1 mole)
of freshly distilled acrolein stabilized with hydroquinone. The flask was
placed in sn ice-water bath, the stirrer started and 53 cc. (1.03 moles)
of bromine was added to the dropping funnel. A szall stream of bronine was
allowed to flow until the addition was corplete. The ice-water bath was
replaced by a water-beth and the dropping funnel replaced by a condenser.
The mixture was refluxed for one hour, leaving a pale yellow solution. The
egprbon tetrachloride was removed by distillation under $educed pressure.

The product, 1,2-dibromoprepionaldehyde, was distilled over at Béo/lamm.
giving a pale yellow furing liquid,

Armonium chloride(55.0 g.) was dissolved in 185 cc. of water, eooled
to dp, end corbined with the 1,2-dibromopropionaldehyde obtained above
(0.79 mole)s The flask was provided with a mechanical stirrer and placed
in an {ce-water beth., The stirrer was started and a solution containihg
49,0 go of KaCii dissolved in 140 cc. of water, previously ccoled to 16’,
weas added a few rilliliters at a time 80 that the temperature did not exceed
éﬁrat any tire. The rixture was stirred one hour after the addition of the
NaCN solution hed been eompleted, then the ice-water bath was reroved and

the atirr{dg continued two hours st room temperature. A reddish sirup head
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began to settle out at this point. The flask was stoppered and allowed to
sit at room terperature twelve hourss The reaction rixture was strongly
scidified vith hydrochlorie¢ acid and evaporated under reduced pressure to
sbout 350 cc., then an equal volume cf concentreted hydrochloric acid wes
added to the eoncentrate and refluxed for one houry The nixture was then
evaporatrd elroet to dryness in s round-botiom flusk with constent mechanical
stirring, et ebout llé: then heated to lzé’for a period of thirty minutes,
leaving a dark viscous mess. This mass was extracted with s mixture of methe-
nol=ethyl ether (10s1) using 200 ee. portions, leaving a large aromnt of
salts, The extroacts were combined, filtered, and evaporeted to dryness,
giving a brown, gucry, seri-crystalline residue. The residue was extracted
with several 25 cc. portions of hot water, leaving a black resinous mess.

The hot water estrast was heated to lcd’and treated with powdered basic
lead ecarbonzte, in srall portions, until ﬁfferveaence ceaseds The mixture
was eooled to about §,cnd filtereds The red filtrate was treeated with H,S
to remove the lead. The lead sulfide was filtered off under a elight vasuum,
then filtered uncer the influence of gravity. The red filtrate was evaporated
on the steam-bath until erystals began to form, then transferred to a beaker
end allowed to cools The crude orystals were filtered off and the filtrate
was again evaporated on the steam~bath as before, cooled, filtered, and the
erude erystales corbineds The residue wae washed three times with abdsolute
aloohol and the crystals collected by centrifugation. The filtrate was
evaporated acrein giving more oryestals, which were washed with ebsolute alecohol

and corbined with the above, The orystals were dissolved in the minirun



(32)

voluze of weter, treated with Norite, heated to boiling, allowed to stand
for tema minutes, and filtereds The filtrate was evaporated on the steam=-
bath until erystals begsn to form, cooled throughly and filterede The erys-
tals were washed with absolute alcohol three times using 10 cc. protions.
The filtrate wse evapcrated to about two=thirds of its volure, allowed to cool
and more crystals formed, The white erystalline compound vas very soluble in
water, very elightly soluble in absolute aleohol, and insoluble in acetone
and ether, The coxpound possessed both nitrogen and bromine,

Anel. founds K, 15.3% (macro=Kjeldahl)

caled, for CAH702NBr23 Ny 5.36%

The crystale were dissolved in dilute hydrochlorke scid and evaporated
to alrost dryness. The residue wae extracted with ten 25 co. portions of
methanol=ethyl ether (10s1) solution. The residue obtained upon evaporation
of the extract was dissolved in 300 cc. of water, heated to 106: and treated
with basic lead carbonate as before, cooled throughly and treated with HZS
snd filtered. The filtrate was evaporated on the steam~beth until erystals
began to form, cooled, and the erystals filtered off, The nitrogen content

of the purified crystals wae 14.1%, less than the original by 1.2 %

Experiment~-l-bs

4 2 l. two-necked round-bottomx flask wae provided with an efficient
mechanical stirrer, and a long stem dropping funnel with the stem about
three or four centirceters from the bottom of the flaske The equipped flask
was pleced in an ice~dry ice-bath. Into the flask was placed 250 ce. of

OOIA end 2%0 c¢c. (3.45 moles) of scrolein stabilized with hydroguinone
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(freshly distilled)s 170 cc. (3.58 moies) of bromine wes placed in the dropp-
ing funnel, The etirrer was started and a small stream of bromine was sllowed
to flow into the mixture until the addition was complete, The e¢old-bath was
rexoved and the mixture refluxed for tem minutes. The reaction mixture was
then ooncentrated under reduced pressure until free of carbon tetrachloride.
The product, 1,2-dibromoprorinnaldehyde, was distilled over at ae?/xamm.
giving a rale yeldow liquide 3%78.0 ge (1475 moles) of dibromoacrolein were
added to a flask equirped with an efficient mechanieal stirrer amd pleaced
in em ice~dry ice-bath. The stirrer wes started end the dibromoacrolein
gsooled to -5: then e solution containing 187.25 g. (3.5 moles) of KH,C1
dissolved in 550 cc. of water, cooled to O, was added. The mixture was
stirred vigoroyely for 15 minutes and a solution, previously cocoled to <15,
containing 171.4 g. (3.5 roles) of NeCN dissolved in 450 ¢c. of water was
added at a rete so that the temperature rarained below 25’(:bout two hours).
The stirring ves continued for three hours at room terperature, then the
flask was tightly stoppered snd allowed to stand for 14 houre. The resction
mixture was strongly scidified with HCl and eveporated to about 85C eec. an
equal volure of concentrated HCl was added and the mixture refluxed for three
hours, allowed to stand 12 hours and evanrorated almoet to crynecs. The residue
was extracted with 3.5 l. of ethyl ether-methanol (1s4) in 200 cc. portions
to remove the hydrochloride of the dibromo-amino acid,

The extract was evacorsted to epproximetely one-~half its volume and a
volume of watet equal to the volume of solvent removed wae addeds This process

was ocontinued until most of the organic solvent had been removed. The water
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golution of the meterial was trecated with Korite, brought to the boiling
point, sllowed to stand for 1% minutes, and filtered. The filtrate was
Leated to lcé,and trcated with basic lead carhonate until effervescence
oeased, 7ha mixture was tiroughly cooled and filtered: The filirete vas
treatod with st and filtereds The filirate was evaporaied on a steam-bath
to about 450 co., end four volumes of abmolute methanol was slowly added to
the hot filtrate, giving rise to a gelatinous precipitcte u.on cooling,
The mixture was filtered and the filtrate evaporated o, the steam=-bath until
oerystals bezan to form, cooled, and the 1liquid decanted. The precipitate
wae washed with cold absolute alcohol until most of the red color had been
renoved, The evaporation of the filtrate with subsequent cooling was con=
tinued as long ecs crystals could be obtained which could be washed free of
the reddish~brown caterial with nethenol. Care was taken after the second
evaporetion of the filtrate to prevent a very irpure product from precipi-
tating. The preciritstes were dissolved in the minimur volure of hot water
and filtered into five $oluxes of absolute alcoholes Crystallization of a
white substance occured upon cooling. The material was recrystallized
three tizes and subjected to a wacro~Kjeldehl nitrogen determination.

Anel, founds K, 12,347%

caleds for O,H.0.NBrys K, 5.36%

Experirent-l-cs

A 2 1, two-necked round-bottomed flask wes equipped with an efficient
rechanical stirrer end a long etex Crop:ing furnel so arranged thaet the

stem was exterded well below the surface of the liquid. Into the flask
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were placed 4CC cc. of CC1l, and 112,12 g. (2 moles) of acrolein stabilized

4
with hydroquinone (the acrolein used in this experiment was not distilled,

since former experiments gave evidence of considerable polymerization even

vhen specifie peecautions were taken to prevent exoésl heating during the
distillation)s 106 co. (2.C€ moles) of bromine were placed in the dropping
funnel., The stirrer was started and a small strear of broxine wgs allowed

to flow until the eddition was conplete. The reaction rmixture vas concentrat-
ed under reduced pressure, using a water-bath at hg. until the 0014 was rermoved.
The broduct, 1,2-dibromoscrolein, was distilled over at 850/18mm.

118 go (2 mcles) of ¥H,Cl and 98 g. (2 woles) of KaCN were dissolved in
the smallest vclune of water and eooled to -16: then placed 4in a flask provided
with an efficient mechanical stirrer. The stirrer was stafted and 216 g.

(1 mole) of dibroucacrolein and sufficient methanol to get it into solution
were added., The te:perature recained below Cffor a few minutes, then it rose
sharply to a very high terperature whth subsequent forraticn of e turbid
syster, folloved within a few minutes with the forrmation of a dark heavy
sirup which setiled out on standing. The reaction mixture was allowed to
stand at rcon terperature for mne hour before the product was extracted with
ethyl ether, The ether extract was dried over anhydrous magnesium sulfate
and filtereds The filtrate w;s concentrated under reduced pressure at room
terperature to rcuove the ether, leaving a dark heavy sirupp

The girup was divided into two equsl parts and subjected to both acid
and hase hydrolysis. The hydrolysate from the base-Batalyzed hydrolysis
wos nmade acid with 1iCl and both reaction mixtures were worked up using

the same procecure ermployed in experiment-l-b., A4 dark resinous naterial
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recsulted from thie oneration which failed to give a pure product as a
result of eeveral orystallizestions.
Anel, founds M, 13.23%

caleds for G, H 0 X3r,s N, 5.36%

Experirent-2-as

A 2 1. two-necked round=bottom flask was oqﬁipped with e zechanical
stirrer and a therrometer. Into the flask were placed 1350 cc., of anhydrous
ethyl ether, €4.6 occ. (1 mole) of freshly distilled ecrolein, and 120 g. of
glacial acetic acide The flaek wae Placed in sn ice-bath, the stirrer wes
started and allowed to contigue throughout the reaction. 98.0 g. (2 moles)
of NaCN arnd 117.€ go (2.2 woles) of JyCl were mixed well by grinding to a
powder. This mixture of NaCN and NH4C1 was added to the countent of the
flask over a reriod of two houre. 4 few milliliters of water (10 to 15 ee,)
were sdded to initiate {he reaction. The teuperature was kept between s’to
6odur1ng the additiocn. The mixture was permitted to sit over nicht in the
ice~bath without reviving the bathe The stirring wee contirnued the next
morning at rc-n terperature for three hours, giving e totzl resction time
of 24 hours. By this time the solution posscssed en intense yellow éolor.

The yellow ether eoclution was decantad frorx t:e sclid naterial, whiech
was extracted with two 250 cc. portions of ethyl etrer and then with
acetone until riost of the yellow color was removed. The extracts were
ocoxbined, filtered, and dried over anhvdrous marnesiunm eulfate. The filtrate
ves evaporated opn the stesm=~bath until the ether was cor:letely removed.

A dark resinous rass resulted which did not add brorine or decolorize a
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solution of KknC).

Experiment-2-bs

4 2 1, two-necked round-bottor flask was equipped with a mechkanical
stirrer and a therroceter. To the flask was added 117.6 g. (2.2 roles)
of NH;Cl dissolved in 5CO cc. of water, 45.0 g. of glaciel acetic acid,
€6.6 ea. (1 mole) of ecrolein stabilized with hydroquinone, end sufficient
methanol (1C0 ce.) to diesolve the acrolein. The flaek was placed in a
dry 1ce-methun§1~hath, the stirrer was started, and the nixture cooled to
-26: 68.0 go (2 moles) of KaCN was diesolved 4n 4CC cce. of water and adcied
to the eold mixture with vigorous stirringe The NaCN eolution ves added at
such a rate that the tecperature wes maintained between ECrbelow zero end
<15 (required sbout 35 ninutes). At the end of the NaCK adcition the flask
wgs removed from the dry ice-methanol-~bath until the tezperature of the
reaction mixture reached =2, then it was placed in an ice-water bathe. The
mixture was stirred vigorouely for six hours, with a maxinun te-perature of
i: then two rore hours at 5: then alloved t» stend at roor terperature for
three houre. The vroduct was egxtracted with ethyl ether and dricd over
anhydrous ragnestum sulfate, t'en filtered, The filtrete wrs concentrated
under reduced vreesure until it wes free of ether, using & water-bath just
warm enouch to prevent ecooling as the ether evaporateds A eirupy yellow
substance resulted, however, a resinous sudstance reesulted vitiiin em hour

whieh did not sdd brorine or decolorize a solution of KYnOa.
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Experiment-3s

d 5 14 twcenecked round-hottom flask was equipped with an éff4icient
rechanical stirrer and a drosping funnel. Into the flask were placed
347.2 go (€.2 oles) of acrolein stabilized with hydrcquinone, 3.2 1. of
dry ethyl ether, and 513 g. of gleclal ssetisc acids The stirrer was started,
then 430 g. (8.7 roles) of powdeded NeCH was placed in the dropping funnel
and suepended in dry dthyl ether and added over a period of two hours. 4
few rilliliters of water (Sto 10 ec.) were acdded to initiate the reaction.
The stirring wes contimued for nine hours at room tempersture after the
addition of the NaCX had been corpleteds The reaction rixture wae filtered
under a slizhit reduced pressure. The selte were washed twice with 8CO ce.
portions of dry cthyl ether. The straw-yellow ether solution wae filtered
again (gravity). Ths filtrate was concentrated uncer reduced pressure to .
_rerove the ether and other.volatile solvents, The temperature of the water-
bath did not exceed 65’dur1ng the porcess of eoncentration. The resulting
yellow oil was subjected to a much lower pressure by enploying a highe
vacuur punp. Vinylglycolic nitrile bolls at 65°/120ume,but it was learmed
from forner experlents that a great fleal of polymerization occured under
these conditions, therefore the erude compound was used. 466.C g. of erude
vinylglycolic nitrile were obtained from the 347.2 g. of acrolein.

4 one~-liter two-necked round-bottom flask was equipped with a thermo-
reter, mechanical stirrer, and two dropping funnels so arranged that the
tips were very close to the stirring rod. The flask was placed in an lee-
salt wvater-beths To the flask was eadded 166 g. (2 woles) of crude vinyle

glycolis nitrile which vas diluted in two volures of dry ethyl ether.
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2%8+0 ge (2 roles) of 5CC1 end 158.2 g. (2 woles) of pyridine were added

to the two dropning funnele. The stirrer was started end a temperature of
-5’vero obtained belore the uddition of SOCI2 and pyridine was started.
There was always a slight excess of 80012 in the reaction flaske. By the

end of this adiition the terverature of the reacting mixture had reeached

24: Every drop of pyridine produced a turbidity which turned derk rapidly
and acquired e sirupy characteristics The mixture was elloved to stend

for one hour in the ecold bath with stirring, then treated cautiously with
200 o0e of woter and extracted with ethyl ether, dried over anhydrous an=
hydrous megnesiun sulfate, and filtereds The filtrate was concentrated
under reduced rressure, using a water-bath at a teuperature not greater
than 561 to rerove the ethere 8240 c0e of a dark brown liquid, crude alpha«
cehloro derivative of vinylglycolioc nitrile, resulted which was not distilled
{0 prevent further polywerization.

The c¢rude corpound obtained above (80.0 gey 0.79 role) was combined
with 277.6 ge (1.5 moles) of potassium phthalimide and heated on the steanm~
bath for eix hours, tihen heated for one hour in en oil-beth at 1561 The
reaction mixture wss eooled and treated with 200 coe of water. A water
insoluble dark resinous aes recained in the vessel which was insoluble in

alcohol, acetone and etiher, and was therefore abandoned.
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KALCRIC ESTTR SYNTHFISs

Exper izent-4:

Forrylaninomalonis estar.~ To a rixturs of 152.C cc. {1 mole) of freshly
distilled ethyl rnalonste ani 170.0 ce. (3.0 molee) of rlaciael ecetic acid

was adled a solution of 150,0 z. (2.75 moles) of sodium nitrite in 275 cec.

of water., The mixture was stirred during the additior of nitrits and rein-
talned below 25: After the addition had been completed, the rixture wes
stirred for an siditinnal four and one-half hours at rcor terpersture. The
product, nitroso-malonic ester, was extracted with chloroform and the sclvent
renoved in vecuo on a wetcr-bathe The residue, a yellow oil arcunting to
eb~ut 185.0 g., was dissolved in 30C cc. of technicel for.ic acid ($073), and
the mixture was trensferred ianto a three-necked flask provided with a thermo-
merer, a stirrer, and a rzflux oondenser. A enall azount of technical ginc-
dust wos sdded and the méxture was stirred and heated until the reaction
strried. There wos an irnduction reriod for several wimites after which the
reaction proceeced vigorouslr, unless only a sveall arount of zinc-dust was
present et thris atage. 195C.0 g. of zine~duet wes then edded through the
ocndenser at such a rate trat t e terperature was raintaired betumnu'ﬂ}ik?
without external reetinge. After the eddition of gzine-dust had been completed
(twenty to thirty rirutes), the mixture was filtered hot, the filter—cake

of gino~forrate throughly weshed with fo:.plc ecid end tiie filtrate eveporated
in vacuo on a weter-bath. The residue, which was an oil contsining a small
quantity of zinc-forzate, was fractionelly dietilled in yacuo and the fraction

o
boiling between 13C end 132 et 2-% cwm. of nercury wae collected.s It solidified
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into a white crystalline rase which hed a melting coint of 43-45; the yleld
ves 104.0 g. (51.2%).

Notes One mny find difficulties in fractionatinz the residue left after

the volatils solvents have been reroved, however, this may be overcome by
erploying the following methods The residue to be fractionzted is placed

in 8 pyrex round-bottom flask (not over 5CC ce.) and joined to e Claieﬁn
distillation head vwtich is connected to an adaptor desizned for vacuum distil-
lation, The system aprears to be moet efficient when th:e reciving flask is
not larger than 25C cc. The apparatus is connected to an sspirator which
will reduce the precsure to 12-15 rx. of rercury. The terrersture of the
oil-bath i3 rradually increased until it has reached 145, The aspirator is
allowed to operate et mexirum efficliency with the oil=-beth st 145’unt11 all
substances vhich will distill under these conditicne have beeh reroved

(total tine wes tiree to four h-ure). The reaction flack is rouoved from

the hot bath, allowed to cool, end the vacuum is released. The second fract=
ion 1s collected by connecting the spperatus to a high-vacuum pucp (properly
connected to an acetone-dry ice trap) and allowing it to evacuate the system
to its mexirum ebility, then the te.perature of ihe oil-bath is slowly incre=~
ased until the fraction irmedietely below the one desired to be collected is
completely stripred off, that is, this fraction is taken up to 129oat 2-3% mm,
The reaction flack is cooled before the veacuum is relersed. ThLe third fraction
will be that of the rance desired, 13C to ljzoat 2-% mme. It is very important
thet the pu-» have evecuated the system to its maxinur sbility hefore heating
of the recctiny flaek ie slarisd, then the proper acjustnents of pressure

and texperature are macde. The fact thet a ¥ery dark mrtericl in théd reaction
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flask eppenre should nct be interpted thet the compound desired has decom-
posed, tlre dsrk mntericl 4s mostly due o zinc for—este decorposition, etes
Sodio-formylarinornlonic estere= 5.66 go (0.25 mole) of he were dissolved

in 472 cc. of abzolute ethenol, to which 5C.0 g. (0a25 mole) of fermylauino=-
malonic ester were elowly added with stirrine, One-liter of benzene vas

edded to the rmixture and cietilletion wae continued until one-liter of benzene=
ethanol azetrore digtillete hed been obteined, tten mcre benvene was sdded

and the distillation contimued in this way until the residue ves completely
free of etranol, leaving the sodio~for:ylaxinomslonic seter susrended in

25C cc. of benzene,

To thie suepension vee added 40,0 go (032 mole) of etiylene bromohydrin
and & few crystals of Kel.s The flask wes provided with a concdenser equipped
with a Ca012 tube to prevent moisture from entering and allowed to react at
room texpereture for 09 hours. A pale yeilow solution resultecd end a large
szount of selt rettled out. The reesction rixture was filtered, end the salts
washed with enhydrous ethyl ether. The filtrate wae concentrated under re-
duced prescure, in a nitrogen atmosphere, to remcve tle benzene and unreacted
ethylenebrorchycrin, leaving & pale yellow ¢ils 3045 ge of the pole yellow
oil were discolved in seven volurees of bengzene enc refluxed over 72.1 g, of
P205 for four hourse The flask was provided with a condenser equipped with
a CaCl, tube to prevent moisture froum entering. 1he reactivn Lixiure wes
fraoctionated uni-r reduced pressure. ‘fhe first fraction coreieted of benzene
and a small sxocunt of water, and the second fraction congisted of other

volatile subetances, lecving a solid residue. Keither one of tle fractions

¥

~—
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or residue would acd brorine or dscolorize K¥nO4 solution. Thus, a mors

accuraste fractionastion was not conducted,

gggorlment:is

An ethereal eolution of acetaldehyde was prepared by heating an excess
of paracetaldeiyde with a few drops cof sulfuric acid (1.5 cc. of conec. H550,,
and 1.5 ce. of water) in a water-bath. The evolved acetaldehyde wes passed
upwerd through a short inclined condenser to remove any paracetaldehyde,

It was dried by pessing through a tube eontaining 61012 and collected in 80 ce.
of dry ethyl ether cocled by en external bath of ice-bath.

To thie sclution were added 49.0 g. (C.24 mole) of formyla:inomalonie
eeter and 59.0-5. of pyridine. The mixture was kept for two drys at d‘and
then one dny at roocm tampersture. The ether and pyridine were femoved byv
dietilletion urder reduced vressure, using a water~bath at Edt‘leaving an
almoet white reeidue. The product was erystallized several tires by dis-
solving in tre minirur volume of hot bemzens and adding hipgh-boiling ligroin
(d,v0.72-0.74) urtil a permanent oloudyness occured, then placed in the
freesing~comperirent of a refrigerator for cryctellization. 7The yleld was
26.0 go of 8 corpound which possessed a sharp melting point of 49-552

dnal. founds C, 47.963 H, £.30; 1, &T7

47.38 .27 &3
caled, for ¢ H, O.Ns O, 48.55; H, £.93; N, 5.66

10 17°¢
4 2%0 ec, round-bottom flesk wes equipped with a condencer provided
with a Oa012 tube, Into the flask wee placed 5,0 g. of P905 end 2,0 pgo of
alleged alpha-hyciroxyethylfcrrylarinozalonie ester dissolved in 1CC cc. of

ethyl propionate, and refluxed for three hours. The liquid wes decanted
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frow tre eclid meteriel srd fractioneted vnder reduced preceure. The fracticn
copteinine tle preduct reve a poeitive Bayer's tect for uneaturetions Ko
gtterpts vere zoce to carry cut the next series of resctions to errive at
elita~-erino-beta-butenoic ecid or even charecterize the substance which gave

tte sbove test, cince only trecee cf the rateriel wsre present,

Eperiment«f-us

Ethyl rmonobroromalcnates~= A 5 l. three-necked round-bottom flask wae fitted
with e stirrer, a reflux condenser, and & separatory funnel with the stex
extended fer enocurh to be below the 1liquid surface. The condenser was equipped
with & tube lezding into a conteiner to trap most of the Hir gas which would
be evolved durirg %he reaction. In the flask were placed 1120 g. (7 moles)

of freshly distilled diethyl malonate and 1050 cc. of CCl,. 371 cc. (321
moles) of brorine wes placed in the separetory funnel. The stirrer was started,
and a srall vcluze of dbromine was run into the solution., The flask was heated
by means of a hesting-roentel until the reaction starteds, Tien the remsining
volume of brorine wee added gradually at such & rete as to keep the liquid
boiling pently., Tt ves then refluxed until no rore HSr gas wrs evolved (about
1.5 hours). Tre rixture wes cooled and washed five tires with 35C ee. portioms

of 3% Na200 sclution, It wes then distilled under reduced pressure, fractions

3
(4
being taken up to 12C /40 rm, and at 150-155’/40 rme The lower boiling
o
fraction wes redistilled. The fractions boiling at 1%0-15C /40 rm. were
eoxbined and redietilled under reduced pressure. The product bcils at 132-

o
156 /%3 mm, (121—125’/16 rr. ), which anounted to sbout 1220 g. (75-77% yield).
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Fotassiun phthalimide.» 2CO g. of phthalimide were dissolved in & 1. of
boiling hot absolute rethanol by heating in a 5 l.round=bottom flask on

the steam-bath, To this hot solution 76 g. of KOH, dissolved in 300 e¢e.

of 75% methanol, was sadded slowly with stirring. The final solution was
cooled at once and the potessium phthalimide which precipiteted was filtered
off, To thie filtrate was added another 200 g. of phthalimide and dissolved
by heating on the stean-bath, and immedietely upon effecting this solution,
76 g of KCH diseolved in 300 ee. of 75% methanol were added slowly with
stirring. The solution wes cooled, and the potaseium phthalimide filtered
off. The two portions of potasszium phthalimide were combined and washed with
acetone to rerove any non~reacted phthalimides This procedure gave 85-83%

yield of the product on the basis of the 400 g. of phtheliride used.

Phthalimide diethylmalonate.~ 550 g. (2.97 moles) of potassium phthalimide
and 440 g. (1.42 moles) of monobromomalonic ester were oowbined, well mixed,
and broyght to 146,over a period of twenty minutes. The yellow mass was
heated for one hour at a temperature between 145-155‘, with constant stirring.
¥hile the content of the flask was hot it wae poured into a large beaker and
dissolved in 2.5 l. of boiling=hot 507 aleohol, erystale appeared upon scoling.
The orystalline maes was washed with 2 ls of water. The product was pugve~
rized in a large morter end added to @ beaker containing weter, then filtdred
under suotion. The product was washed three mox@times with water and filtered
under suction, and drying was accomplished by sllowing the product to remain
under suction. 513 g. (92% yield) of phthalimide diethylmalonate wes obtained

The compound possesses a faint yellow eolor, but alrmost gave a colorless solution
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in benzene and alcohols This degree of purity was obtained from the eompound
by disesolving in warm methanol and slowly adding water until the proper eon-

ditions for erystallization was reached.

Sodio=phthaliride diethylmalonate.= 23,0 g. (1 mole) of Na were dissolved
in 9CO ec. of absolute ethanol, towhich were added %0%.13 g. (1 wole) of
phthalimide diethylmalonate and 1.5 1. of benzene. The mixture was distilled
until one liter of benzene-ethanol azetrope was eollected. This was contin-
ued until all traces of ethsncl had been removed, and finally sll of the
benzene was difitilled off leaving e dry yellow substance, sodio-phthalirxide
diethylcalonates A 2 1. round-bottom flask was provided with a eondenser
equipped with a Ca012 tube. To the flask were added 138.2 g. (0.38 rmole)
of sodio-phthalimice diethylrmalonate, 921.2 ge (4.9 moles) of 1,2-dibromo~
ethane, snd one liter of benzene, then heated on the steam-bath for 75 hours.
The reaction mixture was cooled, and filtered under suction. The residue
was washed twice with 1CO ce, portions of €ry ethyl ether. A futher inves~
tigation of this residue revealed thet it was largely unreacted sodio-rhthal~
irlde diethylmalonate with a small quentity of inorganio bromide., The fil-
trate was concentrated under reduced pressure, using a water-bath, until
the ether, benzene, and unreacted l,2-dibromoethane was rezoved, leaving
e dark resicue,

Upon orystellization of this residue phthaliuide diethylralonate was
recovered, ard a very small amouht of en organic bromide. Thus, the reeotion

proceeded only to a very slight extent when bengene was erployed as a solvent,

i
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Experiment=6-bs

This experiment is a reproduction of exrerirent-6-e in the preparation
of the sodio-phthalimide diethylmalonate.
Phthalimide(beta-bromoethyl)=diethylmalonate.~= To a 5 l. round=bottom flask
equipped with a condenser provided with a CaCl, tube were corbined 227.C go
(1 mole) of sodio-phthalimide diethylmalonate, 517 cc. (€ moles) of 1,2-
dibromoethane, and 2 1. of high-boiling ligioin. The mixture wes well
mixed and heated on the steam~bath, with occasional stirring, for 24 hours,
then gocled and filtered. The lumpy residue wes ground to a powder, using
a rortar and pestie and returning to the flask and eovered with 5 moles of
l1,2-dibromoethane and the filtrate« Heating on the steam-bath was continued
for 96 hours more, then filtered while hot. The residue wss washed twice
with 200 cces portions of dry ethyl ether. Crystals degen to form as the
filtrate cooled. The mixture was filtered giving residue-l., The filtrate
was eoncentrated under reduced pressure, using a water-bath between 75-30,
to about 450 ec. Upon cooling more orystals settled out, which were filtered
off under suotion giving residue-2,

Residues ) and 2 were oombined and washed with two 200 es. porticms
of dry ethyl ether tn; dried under suction, leaving 13.%5 g. The roculting
residue was found to be unrescted sodio-phthalimide diethylmalonate. The
filtrate was soncentpated under reduced pressure, using a water-bath at
90—95‘: leaving a heavy reddish oll weighing 2290.% g The 0il was édtstilied
fmder reduced pressure sftes unsuccessful attempts were made to crystallisze

it. An overall fraction was distilled over, using en oil-bath, up to
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(]
210 /1~3 pm. leaving 25 g. of a black tar residue. The distilhte was

freetionated giving the following fractions.

fractions B.P. { C. veirht (gms.)
1 148’ /1-3 o, 21.5
11 154-1€2 /1-3 m. 264y
111 166169 /1-3 tm. 115.7
Iv *black tar residue® €0.0

Freaotions I, II, and III were c¢lear oils which crystallized on standing.
Freoction III wes orystallized from benzene and high-boiling ligroin, which
gave 56,5 g. of a white eompound, m.p. 75°(unoorrooted). which was bromine-
free. The corpound was soluble in ethyl ether, dimethyl ketone, aleohol,
bensene, insoluble in water, and high-boiling ligroin.

Anal. founds o, 59040' Hy 5.013 H, 5.31;33 *No Bromine®
5943 4.56 539

The heavy oil, slleged phthalimide(beta=-bromoethyl )~diethylmalonate,
ocntained bromine ard nitrogen but wes not characterized guantitatively.
Fractions I, II, and III did not contain bromine. Thus, the compound

decomposed wvhen subjected to the conditions used in the fractionation.

Experiment-£-~¢s

The scdio-phthalimide diethylmalonate was prepared by the saze procedure
exployed in experiment-G-a,

To the flesk were added 138.2 g. (0«33 mole) of sodio~phthalimide
diethylmalonate and 1 Kg. (5.3 Qolo.) of l.2=dibromoethane, then heated em

the steam-bath, with oceseional stirring, for 122 hours. & large smount
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of salt settled out and the liquid possessed a deep red color. The content
of the flask was ¢ooled throughly, filtered under suction and gravity respec—
tively. The filtrate vas goncentrated under reduced pressure, using a water-
bath at 85: leaving 100 ge. of a heavy red-brown oil which contained nitrogen
and bromine. The heavy oil, alleged phthalimide(beta-bromoethyl)=~diethyl-
malonste, failed to orystallize from a micber of solvent systers.

Liguid NEB was prepared by pessing enhydrous NH3 gas into a Dewar flask
(the eontainer was provided with a Ca012 {0 keep out moisture), using dry
ice-acetone as the eooling agent. 3.74 go (0.096 mole) of clean K and a few
small pleces of rusty wire gusze were added to 2CC ec. of liquid NH’ and
allowed to stend, with occasional shaking, until diesolved (ebout 1.5 hours).
5.0 go (C.C12 mole) of the heavy oil were diesolved in 50 ce. of anhydrous
othyl ether and adied rapidly, with shaking, to the eolution of K-NH,
(0096 mole) in liquid smmonia. The reaction flask was provided with a
CeCl, tube and allowed to react in the Dewar flask for 18 hourse The reastion
mixture was poured into an evaporating dieh and allowed to rexzain at room
temperature until eall of the liquid emmonia had evaporated leaving a
yellowish powder. Containers which will permit‘ the concentration of ammonia
gas to build mp should be avoided during this eveporstion, since a consen~
tration of 1Y to 20% of NH, in air is exploeive. This powder was trout?d
with water cautiously, using a medicine dropper, until certain that all
cxoocn‘K-NHZ had rescted, then enough weter was added to dissolve the amide
and filtered under suction, giving a straw=colored filtrate and a residue

which was washed with cold water. The white residue did not add broxine
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or decolorize KMnC, solution. The straw-colored filtrate was combined with
an equeal volure of concentrated KCH solution and gently refluxed until ammonia
vas no longer evolved (about 3 hours). The reaction mixture was cooled to

10 and neutralized with 6 K sulfuric ecid, previously cooled to 61 The acid
wvas added dropviodévtth the container in an ice-bath so thet the tenpsrature
eould be maintained below 551 4 white substance, water inscluble, letiled
oute The material was filtered off under suction end washed twice with 1% cc.
portions of cold water, The white substance wes phthalie acid, The filtrate
vas adjusted to pH 7 more sccurestely at this point and concentrated under
reduced pressure using a wates-bath at 4§z (it was found thet the oorresrond-
ing wmalonic acid would undergo decerboxylation at sbout 65'1n acid media),

to 20 es. The salts which separated out were filtered off under suetion,
giving a straw-colored filtrate, The neutrel straw-colored filtrate, alleged
arxino-vinylmalonic adid solution, was made acid with one drop of € K Mpdro-
ehloric acid end pleced in a water-bath at 60-65’unt11 CC, vae no longer
evolved, as shown by a white precipitate of 81005 vhen the gas was passed
into a saturated Ba(OH)2 solution. The resulting solution was eocoled to

room temperature and neutralized to pR 7, then eooled to d: ¥ore salts
separated out which was filtered under suction. The filtrete added dromine
and decolorized a KMnC; solution at room temperautre within ome minute pro-
dueing a brown precipitate, and yave a positive ninhydrin test. The filtrate
which gave the above tests, a solution of alleged alpha=-arino-beta-butenoie
scid, was concentrated to about one-half its volume and placed in the iee-~

boxe This stizulated the precipitation of core salt. This process of
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concentrating the filtrate to rexove a fow milliliters of solvent end
cooling wus continued until the crystals which separated out gave a slight
positive test for unsaturation with KMnOh solution.

The resulting filtrete, homoserine, and threonine were subjected to

paper chromatography using &® X 22% strips of Vhatian 1 paper.

Expegiment-T7s

Sodio~phthaliride diethylmalonate vwes prepared by the sare procedure
exployed in experiment—6-a.

4 500 ec. round-bottom flask wae equipped with a condenser provided with
a 01012 tube. To the flask was added 163.5 ge (0.5 mole) of sodio=phthelimide
diethylmalonate, 100 g. (0.8 mcle) of 2-bromo-l-ethancl, and a few orystals
of KeBr. 7The mixture was heested on the steam=bath 49 hours, with occasional
shaking. The reaction mixture was cooled and extracted with fomr 500 ece.
portions of dry ethyl ether and fiitered. The filtrate was concentrated
under reduced pressure to recove the ether, then the terperature of the
water-bath wves increased to 50. and the concentration econtinued until the
unreacted 2-bromo-l-ethencl had been rezoved. The residue, 2.7 g. of an
oil, was dissolved in 150 ee. of benzene snd edded to a 250 ec. round-bottom
flaek, equipped with a aondenser and 0n012 tube, containing 10.0 g. of PZO5
and slowly refluxed three hours., The reaction gixture wes cooled, filtered,
and the residue extracted with two 1C0O ee. portions of dry ethyl ether. The
filtrate and ether emtracts were combined and eoncentrated under reduced
preseure until all benzene and ether hed been reroved. The $esidue, alleged
phﬁmli.midc-vinyl-‘iethylmslomte, did not add bromine or decolorize KMnOy

solution.



(52)

Experiment-8s
| 4n etheresal solution of excess acetaldehyce was prepared by the sane
method enployed in experirxent-5.

To this solution were added 76.3 go (0.25 mole) of phthelimide diethyl-
malonate, and pyridines The mixture was kept for three duys with a maximum
temperature of lﬁ’and finally one day et room tezperature. 7The resction .
mixture was subjected to a vacuum distillation, using & water-bath at 55:;
to remove the ether and pyridine leaving a dark oil and some solid materi*l.
The mixture was filtered and the residue (70.5 g.) was characterized, uft;r
three crystallizations, on the basis of the nitrogen content derermined _
by the meero-Kjeldchl methods The dark okl feiled to give a crystalline éro-
duet from various solvent systems and decomposed upon distillation atterpts
at 1-% mm, of uercury. 2.0 ge of the o0il was dissolved in 1CO cc. of benzene
and refluxed over 3,0 g. of P205 for three hours. Thr reaction mixture was
cooled and the solution deconted from the residue, which was washed with
twvo 50 ec. portions of dry ethyl ether. The benszene solution and ether
extracts were corbined, filtered, and concentrated under reduced pressure
until the residue waes free of benzene and ether. The residue failed to edd

brormine or decolorize K}'nO, solution.

4
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DISSCUSSICN AND RESULTS

In experiment-l-s l.2-dibromopropionaldehyce was prepared by the
bromination of acrolein in 12014- “During the reuoval of the CCl, the reaction
mixture often reacted wigorously giving a dark brown brittle pulymer. This
behavior may be explaiﬁed a8 follows; the CCIA being remcved by distillation
contained unreacted bromine wxhich probably took part in a substitution reaction
liberating H3r in the syestem, catalyzing the polyrerization of the aldehyde.
Hydrogen bromide ges will promote the polymerization of the aldehyde (aerolein)
even at gero dezrees, This wes avoided by starting with acrolein which possess~
ed the minimum degree of polymerizntion end would add the theoretical anount
of bromine. The dibromoeacrolein was subjected to the conditions employed by
Baker and Skinner (33) in their modificetion of the original Stirecker synthesis.
4 white crystalline compound was obtained which eontained both nitrogen and
bromines The percentage nitrogen found was 15.37%, while the calculated for
alpha-amino-beta,gamma-dibromocyanohydrin was 5.36% The compound was found
to be mostly arnonium saltss Further crystallizations failed to give a pure
eompounds It 1s felt that the aminocyanohydrin was only formed to a very
slight extent.

The lower temperature euployed in experiment-l=b did not irxprove the
product any. Experiment~l-e¢ employed the Zelineky and Stadnikoff (34, 35)
codification of the original Strecker (47) syntheeis to 1,2-dibromopropion=
aldehyde, giving e dark heavy sirup. Both acid and base hydrolysis of thes
material, with subsequent purificetion, gave a dark heavy cil which formed

a dark resinous substance within one hour et room teriperature. Experiment=2-a
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employed the Zelinsky and Stadnikolf mecificetisn of the original Strecker
synthesis to non-brorinated ecrolein, freshly distilleds A reddish-brown
resinous naterial wees obtsined at the stage where the arinocyanohydrin
should have been ohtained, Experiment-2-b wes e repeat of experi;ent~2-t,
oxcept that & wuch lower temperature was used, The lower te:perature of
reaction did not prevent the polyrmerization of the product. In experiment-3
vinylglycolic nitrile was prepared and characterized by the rethod of Glatter-
feld and Foen (36) and the corresponding alpha=chlorocyanohydrin was prepared
by the method of Rarband (32). Atterpts were rade to condense this ehloro=-
derivative of vinylglycolie nitrile with potassium phthaliride, xhich was
prepared by the nethod of Hale and Britton (48). The teuperature necessary
to promote a reasonsble rate of reaction wae Qufficient to polymerize the
ochloro-derivative, giving rise to a solil dark mass. The reaction would

not go using high=boiling ligroin or brenctene as solvents.

The rethod of Galat (45) was utilized in experiment-~4 to prepare formyle
amino~diethylralonate, frcr which the sodio-derivetive was prepered, and
rescted with 2-bromo~l-ethanole No unsaturated coxpound was formed when
the dehydration of the troduct was attempted using ?205 and bengéne, 4n
aldol eondenzaticn reaction was sttexpted in experiment~% betwveen foruyl-
azino-diethylielonate and acetalcehyde, using pyridine as a catalyst. 4na-
lytical results for carbon, hydrogen, and nitrogen deterxzinations indiceted
thet the eoompound wes alrost totally unreacted ester. Iiowever, an unsaturated
esompound, allezed for:-ylauino-vinylizelonie ester, was obtained by refluxing

an ethyl propionete solution ¢f the compound over onﬁ' The quantity of
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unsaturated raterisl was insufficient to characterize. Thue, it can not be
eoncluded that tre positive Bayer's test was only due to the alleged compound.
Experiment-6-a involves the preparation of ethyl ronobrcromalonate by a method
subritted by Falirer and dNc'herter (49), potassiur phthaliride by the rethod

of Fale and 3ritton (48), and phthaliride diethylmelonate by Gebriel's (50)
method, from vkich $he sodlo~derivetive was prepared, 9The condensation of

the sodio=derivative and l.2-dibromoethane would not go using benzene as @
solvent, but in experiment=6~b the condensetion wae cerried out using high=-
boiling ligroin es a eolvent, giving rise to a heavy reddish cil. After

the o0il failed to give a orystalline prciuct it was fractionated at 1-3 am,

of merocury, lesving a black tarry residue. Fraction I was rostly high-boliling
1ligroin, while II and III were the same, as shown by m.p's. af'ter orystalli-
sation from bengene and ligroin. The crystalline procuct relted at 73 (un=
corrected).

Anal,. founds C, 59.40’ H, 50C1’ N, 5-51; *No Bromine®
59.43 k.96 5.39 “lo ash®

caled, for 01731506N8rt
Gy 49.50; H, 4.4C; N, 3.359; Br, 15.39
It is quite wvident that the "bromine-containing oil" undergoes cecom~
position when distllled at 1-3 nm. of mercury to yleld a bromine-free compound.

The decompositlon is believed to have proceeded in the following order.

COEL ( ) OBt
0 - C2HBr H_~CH_ewen
Br-Cii,_~CH H 2> 002
270 64 \<z> r
CCOEt 4
(a) 0=Commeme (v)
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(a) (b)
% C— 49.51 % C== 55.33
H— 4,40 H— 4,22
Bre= 19.50
G H ey
—— '>2 = Tiz-cm2 H-T:o
¢y e
o=C 0
(4)
(e)
% Om= 56470 % Cm= 61.80
He= 3,30 H~ 3,90
N=— 5,08 K== 6,00

One rey conclude that, on the basis of the per cent nitrogen found,
the erystalline product is a mixture of compounds (¢) and (¢)e

The condensation of sodio=phthalimide diethylralonete and 1,2-dibromo~-
ethene wae carried out in experiment-6~¢ in the abeence of high-~boiling
ligroin, eallowing one of the reactants to act os a solvent. The product
ves & heavy reddigsh-brown oil, containing both nitrogen end bromine. The
0il, alleged phthaliride(beta~bromoethyl )-diethylualonate, was subjected
to ghe proper conditions for dehydrohalogenstion using potassium anice in
liquid arronia. An unsaturated compound wes obtained which edded broxine
and decolorized ¥lnCy, solutione The finel prcduct, alleged alpha-arino~-
beta-butenoic ecid, added bromine, decolorired Kkhok solution, and gave a
positive ninhydrin test. Ko atterptis were made to remove the material from
the solution (5 ec.) at this point. The following results were obtained

when this rmaterial was chrormatographed slong with homoserine and threonine
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using 6% X 22% strips of Whatzan £ 1 paper in n-3ulH-formic acid-watar
(77-15=13 per ceant respectively) solvent eystem.
(a) Unitnowvn (alleged vinylglycine)

(b) Homoserine

(¢) Homoserine £ Threonine

(4) Uninown £ Horoserine # Threonine

Applicetion () gave rise tc twe spots, 1 and 2, Ejct 2 has a Rf
value of 0.42, which corresponds sorewhat to the Rf value of 0,46 listed

for glycine in n-SulH-forric acid-water (600-50-50-respectively) solvent
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systex (51), while spot 1 does not corres;ond to eny value listed for axin®
acidss EFEomoserine and threonine were not resolved under ti:e conditions
exployed here, es shown by spplication (6), glving only epot 4 which corre-
sponds to spot 3 from application (b). 4pplication (d) gave rise to spots
S €, and 7. Epot 7 corresponds 4o spot 2 or glycine, while s-ct & corse-~
sponds to spots 3 end 4, homoserinc'and threonine, Spot 5 is relatively
close to spot 1 in Rf value, that is, it cey be condluded from this particular
situation that evots 1 and 5 are due to the sare substance. Spots 2 end 7
or glyeine would be expected if traces of phthaliride diettylralonete were
present 4in the sample of alleved phthalimide-vinylueloric aride undergoing
hydrolysis. lio attorpts were made to elut spots 1 end 5, or even better,:
to apply larzer quantities of the unknown to a heavier paper and elute for
cheracterization gurposes. .However, attempts were 1:ede to crystallize the
materiel (4.5 ec.) from aloohol end water, which resulted in a total non-
recovery of any vaterial which added bromine or decolorized ¥inC, solution.
The replecenent of the forrylarinomalonic ester function by the phthal-
imide function to obtain ¢he betsa~hydroxyethyl-dsrivative (prirary aleohol)
in experiment-7 and the alpha-hydroxyethyl-derivative (secondary alcohol)
in experirent-3 gave little or no achieverents, uncer the condéitions employed,

in so far es tre introduction of a vinyl group into & nalonic ester derivative.
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SUVMARY

The following i{s & surmery based cn the concitions evecified in the
procedure e:xployed for each reaction,
1. Various modifications of the original Strecker synthesis feiled to yield
a stable dibromo-alpha-aminocyanohydrin, starting with 1,2-¢ibrozopropionalde=~
hyde. A4 white crystalline compound, containing bromine end epproximately
three tires the calculnted per cent of nitrogen, was obteined by earrying
the symtheeis through without 4solating; the alpha=eminocysnchydrin.
2. Resinous reterinls were obtsined on attempts to prepare the alpha-anino-
cyunohydrin cderivative from acrolein.
%e Unsucceseful atterpis were made in condensing potassiux phthaliaide
end alphe-chloro-vinylacetonitrile.
4, ke prepsretion cf forrylaminotslonic ecter and the corresponding scdio=
derivative was conducted. Treatment of the sodio-derivative with 2-bremo-l-

etranol and sutsequent refluxing cver PDO failed to give & vinyl-derivative

5
of ralonic ester. Fowever, an sldol condensalion reaction involving acet-
aldehycde, forryrla:inomelonic ester, and pyridine ac a catalyest, with sub=
eecuent refluxing in benzene over P205 gave a very srell quantity of a sub-
stance which edded dromine. Further investigations glong this line wase
ehendored since it wes Yabeled as deing imprectical on the basis of the yield
and the rate of the reaction.

S The conlencation of socdio=rhthalimide diethylmelonste with 1,2-dibromo=

ethane gave an oil, eallecred phthalimide(beta~bromoethyl)-diethylmalonate,

which decomiosed rapidly when distilled at 1-% mm, of mercury giving a
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brorine=free comrcund., Vhen the o1l was carried tirourh a seriees of reactions,
af'ter dehyirohalocenstion viith potessium aride in liguid aericonis, to the stage
where alphe-sxino-bela-butenoic¢ acid should have been present, twc spots were
obtained wvhen the material wee subjected to peper chrovatogrephy. Cne spot
corresponded to glycine, while the other epot did nct correspond to any Npmer 3wrivo
acid,
6. The re:lacerent of the foruylamino function by the ;hthelimide function
in the corresponding”dcrivative of diethylmulonate failed to aid in the
introduction of a vinyl group when the primary and secondasry alcohcl functions
were introduced ard subsequently subjected to refluxing in benzene over P205.
7+ All experiuents which involved acrolein es the starting raterial gave
resinous raterlals regarcless of the conditions used. The stability cf
acrolein is not grest enoych to be subjected tc the conditions neceesary for
the reactions to go. Thus, it is felt that alpha-srino-beta-butenoic acid
(vinylglyecine) can nct be obtained by the pathweys proposed using acrolein
a8 the sterting raterial,

A1l atterpts rade to introduce a vinyl group on formylaninomalonie
ester and phthelimide diethylmalonate failed. However, the results obtained
in this area of reactions were sufficiently favorable to establish thet the
vinyl derivative, of the above mentioned structures, is probebly a practical
synthesis under a set of conditions different from thore specified in this

docurent.
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