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J. INTRODUCTION

The synthesis of 2=-cyano~l,3~butadiene was undertaken in order to
provide & guantity of the monomer for polymerization studies. After investigating
the various kmown methods of preparation, it became apparent that a more suitable
gynthesis giving higher yields was needed. This led to the investigation of
éevera‘l new reactions. The thermal rearvangement of S-acetexy-j-cyanwl—bntene
to l=acetoxy=3=cyanc-2~butene was discovered. The dimerization of acyl cyanides
was investigated, and the addition of benzoyl cyanide to aromatic aldehydes was
achieved. FPFinally a dimer of 2-cyano~l,3-butadiene was discovered and a prébablg

structure advanced on the basis of its reactions and physieal properties.



II. PART ONEs THE SYNTHESIS OF 2-CYANO-1,3-BUTADIRNE;
A NEW THFRMAL REARRANGEMENT



A, Historical

2=Cyano~1,3~butadiene has been prepared previously by two general
methods, buth gppearing in the patent literature., Goodyear mrorke:rsl"g prepared
the diene by converting 2-chloro~3=butanone to the 2-acetoxy compound, followed
by addition of hydrogen cyanide to the carbonyl group, esterification of this
derivative, and subseguent pyrolysis of the 2,3)~diacetoxy-2-cyano~butane to
2-cyano-l,3~butadiene. A rather low yield was obtained (about 21 per cent).

Starting with methyl vinyl ketone, duFont chezrﬂ.stsa obtained 2~cyano-
1,3~butadiene by pyrolyzing the acetate esster of the cyanohydrin under carefully
controlled conditions.



B. Theorstical
It was proposed to repeat the preparation of 2-cyano-l,3~butadiens

3
from the acetate of methyl winyl ketone by the following series of reactionsz

OH
20 KCR |
(1) CHaC~CH=CHy; + HCN ——»  CHy~C-CH=CHy
5-10° {
I cH
60-70% 11
OH 0 oc”
| chcZ | \caa
(2) szagia»-cwcgz +  (CE,C0)50 Cl, cgz,,«-c‘:a—cz».z-crzg
o CH
964 11
0
i
O~C~CHgy
| hot tube
(3) CH3£]3~CH-$H= —_— cagae‘;-m;mcﬁa + CHaCOOH
o ey 25%

v

4
A second scheme involvesz the Hamnich reaction of allyl cyanide Wi th
formaldehyde and the decompesition of the Mannich base hydrochloride by steam

to 2-gyano=-1,3-butadiene.

CHymOH-CHaCN + CHgO + (CHz)oNH~HCL

CHy=CH-CH-CN
CHg*N(CE; )3+ HC1
lstm
{CHy )aHH-HCL + GK;*GH-IG-GHQ
CH



-

Another possible route to 2-cyano-l,3~butadiene starts with 3,L-epoxy~

l-butene, as outlinsd kelow:

0 B

CHo~CH-CHmCI, + NalN + (CHaC0)al —> ClaGaO~Clg~G-CHeCHy
N o

IX

hot tube

.cﬂﬂa?mca-caa + CH3C00H
CH

The pyrolysis of the acetate of the primary alcohel in this case should
proceed without difficulty. The first step in the reaction scheme iz analogous
to the cleavage of 3,h-epoxy~l-butene with hydrochleric acid reported by Kadeschﬁ
to give 3-chloro-i-hydroxy-l~butene.



€. Discussion of Results

1. Formation of the Cyamohydrin of Methyl Vinyl Ketone

The eyanohydrin of methyl vinyl katon: was obtained by adding hydrogen
cyanide to a4 bengene solution of the ketone at temperatures between 6~10° using
potassium cyanide as a catalyst. Yields of the cyamohydrin were increased when
the solvent recovered from the preceding run was used. It was necessary to
prepare anhydrous metlyl vinyl ketone from the commercially available azeotrope.
Gareful control of the reaction temperature, rapid stirring, and a2 rapid
addition rate of anhyydrous hydrogen cyanide were necessary for success.
Terperature is particularly importanit, since under the conditions of these
experinents above 10® hydrogen cyanide adds to give levu}.inonitrile,? and below

6° no addition occurred.

2. Acetylation of Methyl Vinyl Xetone Cyanohydrin

The cyanohydrin of methyl vinyl ketone was readily acetylated by
refluxing with acetic anhydride in the presence of acetyl chloride, Sulfuric

acid, sodium acetate, or pyridine failed to catalysze this reaction,

3. Benszoylation of Cyanchydrin

The bengzoate was also prepared in an analogous manner using benzoyl
chleoride and pyridine as a catalyst., Attempts to form the bensgyl derivative of
the cyanohydrin of methyl vinyl ketone in one step as utilized in the synthesis
of l—eyambutadiene«lﬁs resulted only in polymeric products. Similarly attempts
to form the cyanchydrin through the intermediate bisulfite addition product re-
sulted in polymeric materials.



L. Pyrolysis of the Acetate

Pyrolyd s of the acetyl ester of the cyanohydrin of methyl vinyl ketone
was accomplished by passing the ester dropwise through & glass-bead=-packed
column heated to L65-475°, using a stream of pre-purified nitrogen gas as a
diluent. After the acetic acid was removed from the pyrolysate by washing with
water, distillation of the orgarmic material yielded 2-cyano-l,3-butadiene in
yields of 25 per cent, In addition to the diene, there was obtained an ester
which was not the original. Subsequent pyrolysis of the new ester failed to
produce any 2-cyano—l,3~butadiene, but the ester was recovered unchanged,

For the pyrolysis of the pure acetate of methyl vinyl ketone cyano-
hydrin temperatures of L50-475° were found to be optimum, since sbove 500*
considerable charring occurred, and below L450° pyrolysis was incomplete
{i.e. unchanged original ester was recovered). A rate of three drups per
second or 50 cc. per hour was found to be optirum. The use of other packing
materials such as activated alumina (4~8 mesh) or glass helices did not improve
the pyrolysis.

Attempts to dehydrate the cyanohydrin of methyl vinyl ketone over
activated alumina at 300 failed to give any of the desired 2~cyano-l,3~butadiene.
Similarly, when the acetyl derivative of the cyanchydrin was dropped onto fused
potassium hydroxide at 300° or fused potassium acid mlfate at 315°, none of the

desired diene could be iszolabed.

S. An Allyl-Type Rearrangement in the Pyrolysis of 3-Cyanc-3-scetoxy-l-butene
Physical and chemical methods of analysis showed that the new ester is

a rearrangement product of the original ester, and that the following reaction

has occurreds:



20
0C-CH,
) hot

CHy~C~CHeCH, —> CHy=CeCHOHOCOCH, + CHy=C-CHeCH, + HOOC=CH,
( tube | |
o ey CH

v 528 27.6%

6. Proof of Structure of the New Ister

The new ester obiained by rearrangement boils about twenty degrees
higher than the original compound at 20 mmi. pressure, has a much higher re-
fractive index and a dilferent cdor. When carefully fractionated and analyzed,
the unknown ester gives, however, an analysis identicel to that of the original
acetate. The calculation of molar refractivities both for the original structure
and from the physieal data of the two compounds shows that the new ester has a
molar refractivity about 0.7 unit higher than that of the original. This would
indicate a conjugation of unsaturated bonds in the new compound.

Proof of the structure of the new ester (V) was done as followss
Hydrogenation of the olefinie bond using palladium on charcoal as a catalyst
gave the saturated ester which was hydrolyzed to the hydroxy acid by refluxing
with 20 per cent alkalij them the solution was acidified with dilute sulfurie
acid and heated again under reflux %o give a lactone. The structure of the
lactone which should be e-methyl butyrolactone if the structure postulated for
V is correct, was confirmed by preparing the hydrazide derivative which melted
at 91%, This is the melting point given in the litaraturea’m for a~methyl-
butyrolactone, Isolation of this derivative indicated that the following reactions

took place:



=Be

g Ha P %
aas-c«e-sﬁrsﬁ-a?»aﬁs ——> CHg~Cm0umC0H gm0H =0~ Cly
Pa
g=¥ G=n
v VI
¢ q 3
I | Hef B {3 o
CH =00 CE -0l = 00 —> e CHpmCH p0HmC 7
! oH
o=¥ o
¥1 vi1

7. Byrolysis of the Benzonte

Pyrolysis of the benzoate of methyl vinyl ketone cysnohydrim geve
Z~cyano-1, 3-butadiene in yields of only 10 per cent. A further disadvantsge was
its melting point, 53°, making controlled addition to the pyrolysis tubse
diffieult. In addition to the diens there vas obtained by high vacuum distilla-
tion of the residus, efter the benzole acid had been washed osut; s high boiling
fraction, b.p. 150°/1 mm., This compound remained s liguid and geve an analysis
cloge to that of the original benzoste ester. It has not been investigated

further, but probably has a structure rslated $o the rearranged scetate,

8. Attempted Mannich Regction of Allyl Cvsnide and Formsldehyde
Other routes %o 2-cyans-l,3-butadiene have been investigated, One
attractive possibility conslsts in the fofmat‘lan of the Hannich base hydrochloride
from allyl eyenide and formaldehyde which could presumably de decomposed by
stean distillation directly to 2-cysno-1,3-butadiene. Jeveral attempte using
allyl cyanide and formsldehyde with dimethylamine hydrochloride or piperidine
hydrochleride were all unsucecessful, znd none of the desired Hannieh base

hydrochloride was ebtalned,



O

9. Qlesvage of 3,4-Bpoxy-l-butens with Hydrogen Cyanide

By adding sodium cyanide solution to 3,4-epoxy-l-butens and acetic
anhydride ia ether solution st 3-5%, the scetate ester has been obtalned
directly in ylelds of about 45 per cent (based on epoxybutene used up). A side
reaction also occurs to form s s6lid compound, scetyl cranide dimer, and at
temperatures above and below 3-5° this is the only product obtained. The
structure of the acetats saster ié pesuned to be 4=acetoxy-S-cyano-l-butene in
snalogy to the clesvsge of enoxybutene with hydrochloric seid. This strueture
needs further confirmation.

Fimilarly henzoyl chlorids, sodium eyanide, and 3, 4-epoxy-l-butens resct
at =3 to «5° to give a ligquid benzoate ester directly, while st 10° a solid com~
pound is fai‘m@ﬁ which proved to be benzoyl cysnlde dimer. Because of the low
vields cbtained, these reactions were not further pursued. Instead a study of

ths by-products proved interesting.
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D. Zxperimental
1. Cyanohyirin of Hethyl Vinyl Ketong

dpperaius: The reaction flask was & 2~1., three-necked, round-bottomed flask
fitted with a mercury-sealed Bershberg stirrer, = gas inlet tube extending to the
bottom of the flask, a 50° thermomster, and an‘ outlet tube which was comnected

to an emply 2-1., round-bottomed flask, This flask was connectsd to a second 2-1.,
round-tottomed flsak, helf filled with concenirated aguecus sodium hydroxide and
squipned with an exhaust tube., Preceding the reaction flask was an emply 2-1.,
round-bottomed flaek fitted with a tube comneeted to the lest U-tube of the HCN
drying train, and with a glass tube extending to the bottom of the flagk., A
stopcock was placed between this flask and the resction flask whieh could be
tlosed 1n the event that the evolution of hydrogen cysnide should cease, and the
contente of the reaction flask should be drawn back. A tank of nitrogen gas was
kept on hand which could be connected to the hydrogen cranide generating flask
and was used to force the benzene solution back inte the reasetion vessel.
Hitrogen gae wae used to swesp out the appsratus before and after eash yun and

to make sertain that all connections were tight and gll tubes open. The entire
spparatus vae set up in a hood with & good exhaust fan. The hydrogen cyanide

11
was generated according to the Organic Synthessee method,

The azeotrope obtained from duPont contalning
about 20 per cent water was dried by sdding portions of anhydrous potassium
carbonate to the cooled liquid with adequate stirring and swirling until the solid
B6 longer caked and an excess of granular potaseium carbonste remalned, The

mathyl vinyl ketone wss further driaed over anhydrous calcium chloride, decanted,
and distilled using = water aspirator and a water-cooled condemser. The fraction

boiling at 39-40° (100 mm.) was collected in an ice-cooled receiving flask,



lle

Hethyl vinyl ketone is 2z strong lachrymator and vesicant. I% may be stored in
‘the icebox for a few days, but should be used ms soon as possible, or redistilled

prior t5 use,

Cysnolation: In the reaction flask previocusly described, were placed 1200 g.
of dry benzens snd 560 g. (8 moles) of dry, freshly distilled methyl vinyl
ketone. The flask end its contents were socled to 5% with an acetone-Dry Ice
bath and maintained between 6-10° throushout the reaction. Bight grams of
reagent grade votassium cyanide wss added sud stirring begun while hydrogen
cysnide was bubbled in st a repid rete for three hours, A total of 10 moles of
hydrogen cyanide was used (based on the mmount of sodium eysnide solution
enployed). Thirty-three grams of BS per cent syrupy yhcsjphofm ecid vas added
{scidity cheelted with litmus pepsr) snd stirring continued for an additional half
hour, after which the reaction mixture was allowed to warm to room temperature
and the layers separated.

The benzene solution was decanted into a 2-1,, Clalsen distilling flask
and the solvent removed by distillation at reduced pressure from a water bath
heated o 60%. The bengzene solvent, Tich in methyl vinyl ketone and hydrogen
cyanide, was collected in en ice-cooled receiving flask and stored inm the icebox
until the next run,

The residual oil was poured into a 1-1l., round-botiomed, ground-glass
flask and distilled at reduced pressure through a l0-in., helix~packed, Jackeled
column, equipped with a total reflux-partial take-off head. There was obtalned
467 g, (4.6 molee) of the cysnohyirim; bup. 60°/5 mm.; :aﬁ 1,4264; a yleld of
60 per cent. Runs using 2 to 5 moles of methyl vinyl ketone consistontly gave
yields of 60~70 per cent. The optimum yield was obtained when 6 moles of hydrogen
tyanide wsp added over s period of one and one-half hours to 2.64 boles of methyl

vinyl ketone.
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Temperatures bslow 5° were found $5 be too low for addition of hydrogen
eyanide and above 5° 1, é»-aéﬁition to methyl vinyl ketone cecurs in the presence
7
of sn alksline cetalyst. The water bath must be kept below 60° when removing the

solvent mend the phosphorie acid layer separsted immediatsly at the eand of the run,

2. Acetate of Methvl ¥inyl Ketone Cyanchydrin

in a 1-1,, round-bottomed, ground~glass flask were placed 428 g, (4.2
moles) of scetie amhydride and 5 g. of acetyl chloride. The flask was eguipped
with & Y-adepter fiitted with a reflux condenser and drepping funnel. After
heating to boiling, 388 g. (4.0 moles) of methyl vinyl ketone cysnohydrin was
- added slowly, and sufficlent heat was applied to maintain gentle reflux. About
two hours were required for the sddition. Heating was contlnued for one-half
hour. Distillation through a 10-in., helix-packed, electrically-heated column
ylelded 536 g. (96 per cent) of 3-cyano-3-acetoxy-l-butene, b.p. 89~80°/19 mm.;
n D 1.4270; dy 1.0070; ¥p caled. 35.47; Np found 35.48.

Anal. Caled. for CpHgON: €, 80,77; E, 6.50; %, 10.04,

¥pund: C, 80,53; H, 6.31; ¥, 10,24,

3. Benzoate of Methyl ¥inyl Xebone Svanohydrin

To o mixture of 31.7 g. (0.3 mole) of methyl vinyl ketone cyanohyirin
and 42 g, (0.3 mole) of benzoyl chloride in a 600-ml, beaker cooled in en ice-
salt bath was added slowly with stirring 40 g. (0.5 mole) of pyridine, so that
the temperaturs was maintained between 8° gnd 15°, Care must be tsken to keep the
mass that forme brokenm up, or the tempersture 1s difficult %o control. After the
pyridine had been added, the lumps were bdroken up and 500 ml. of water added
with stirring. The suspended solid was collected on a Buchpmer fummel and washed
with three 500-ml. portione of water. ZReerystallization fros a water-ethansl

slxture yielded 47.5 g. (79 per cent) of the benzoate of methyl vinyl ketons
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eyanohyirin, m.n, 49-50°, A omsll samle was recrystsllized from a dioxane-
water mixture, m.p. 53.5° and submitted for analysis.
Ansl. Csled. for Cy.H;:0,8: ©, 71.62; H, 5.51; ¥, 6.96.

Pyrolysis of the scetata af methyl vinyl ketone cyanchydrin was
accomplished by passing the msterisl dropwise through a 1S-mm. O. D, Pyrex tube
packed for o distance of 12 in. with 4-mm. glaes beads and heated to 475° by
means of an electrically-heated combustion furnsce. A rate of one drop/three
seconds was msintained at the top. The pyrolysate wae collected in a 500-nl,
guction flaek cooled by & Dry Ice bath, washed with four 100~ml, portions
of a saturated solution of godium ehloride, the organic materisl seperated and
dried over anhydrous sodium sulfate, 4 litile pioric =cid (ea. 0.1 g.) was sdded,
and the solution filtered, Distillation wae effected through a 4-in,, helix-
packed column, From 219 g, (1.56 moles) of the acetate there was obtained
34 g, (27.6 per cent) of Z-cyano-l,3-butadiens, b.p. I0-40°/4 mnm.; nm};’ 1.4480,

In addition to the desired dlene there was obtained 114.0 g, of an
ester that was not the scetate of methyl vimyl ketone cyasnohydrin; b.p. 95°%/

10 mm.; 3%911.4500; d? 1.0280; Ny caled. 35,47; M, found 36.36 (exaltation
of 0.9).
Agal. Caled. for CyHg0.¥: ©, 80.27; H, 6.50; §, 10,04,
Found: €, 60.53; H, 6.66; H, 10,29,

5. ldentification of the Ester Produced lia the Eyrolysis
Hydrogenation of 13.9 g. of the recovered ester dissolved in 100 nml,
of sbsolute ethanol was accomplished inm an Adams hydrogenation apparatus at reoa

temperature using as catalyst 1 gz. of 10 per cent palladium on charecal. The
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compound abserbed 82 per cent of the theoretical amount of hydrogen, The
eatalyst was removed by filtration and the ethanol removed by distillastion.
Bistillation of the residue through & 10~in,, helix-packed column yielded 8 g.
of a saturated derivative; b.p. 110%/18 mm.; ﬁ%ﬁ 1.4230,

&nnl. Caled, for CoH;,0.%: €, 59.56; H, 7.86; ¥, 8.92.

Pound; €, 58.89; H, 7.21; H, 2.85.

ix grams of the conpound was added to a golution of 5 g, of sodium hydroxide in
20 él. of distilled water in g 100-ml, round-bottomed flask fitted with a reflux
condensar, The mixture wme refluxed for two hours, afier which it was ecoled in
an ice-bath and 9 ml, of 50 per cent sulfuric acid slowly added, The acldified
solution was again refluxed for two hours. The organic layer was separated, and
the aguecus layer sxtracted with %wo 15-ml. portions of benzene. The combined
extracts and the original layer were dried over anhydrous megnesium suifate, the
drying agent removed by filsration, smd the residue distilled through & &~in,
Vigresux column, giving 2.5 g. of a clear liguid; b,p. 197%; nt 1.4320;
&:ﬂ 1.0570.

Anal. Csled, for CgHgls: ©, 59.98; H, 8.05,

Founmd: G, 59.79; H, 7.73,

A hyclr;gziﬁ;e of thiz materisl was ovrepared by treating 1,0 g, with 0.5 g, of 85
per cent hydrazine hydrate in 10 ml. of sbsolute ethesol. The nixture was refluxzed
for eight houre and the hydrazide isolated by éist-inatia;a &% reduced pressure;
b,p. 72-75° /12 mm. Beerystallization of this meteriel from ethyl acetate yielded
vhite erystals, m.p. 90-91°, This corresponds to the melting point reported by
Adams and Eegert,ﬁ and Gavallito and Haskell, 1o for the hydrazide of a-methyl-
tutyrolactone,

Annl. Caled, for OgH, O.Na: O, 45.43; R, 2.15; ¥, 21.20.

Feund: ©, 45.70; B, 9.00; ¥, 20,78,
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6. Pyrolveis of Benzoste Ester of Hethyl Vinyl Ketone Cyanohydrin
Into the hot tube heated %o 550° was dropped 169.5 g. of benzoste
melted with a heat lamp at a rate of one drop/two sec. using nitrogen gas as &
diluent, Thare was obtained by distillation of the pyrolysis mixture 7 g. of
impure Z-cyano=1, 3-butadiene, b.p. 24=-31%/30 mm., Thie is 10 per cent of theory.
The remaining resldue was washsd several ‘times with 5 per cent sodium bicarbonate
solution, and then two times with 100 ee. of 3 per cent sodium hydroxide solution,
The scid-free material was dried over anhydrous sodium sulfate, filtered, and
distililed from an oil bath a4t diminiehed pressure. A small smeunt of oil with
en ester-like odor, b.p. 73-81%/5 mn. cane over first, and then 12 g. of liquid;
bere 150%/1 mm,; awﬁ 1,5318, This compound is nearly odorless and remsined a
liguid,
Anpl. Caled. for O gH;;0pN: ﬂ. 71.62; R, 5.51; H, 6.95,
Found: C, 70.869; H, 5.28; ¥, 7.37,

7. Attewpted Maunich Hesction Using Ally) Cvanide

In & 200~00., thres-necked, round-bottomed flask fitted with a
thermometer and a reflux condenser were placed 22.5 g. {0.33 mole) of allyl
evanide (naﬁﬁ 1.4079), 25 g. {0.33 mole) of 40 per cent formsldehyde (as formalin)
and 27.2 g. {0.323 mole) of dimethyl amine hydrochloride. The mixture was refluxed
for twenty-four hours at 50°, and allowed %o stand at room temperature for forty-
eight hours. The two layere were separated, and the upper layer distilled. There
was recovered 10 g, of allyl cyanide; b.p. 114-120%; n“IJ 1.4060. Some liquid
wag logt by aceident. ¥o anmine hydrochloride was obisined.

A second experiment was ¢arried oul using the same amounts of allyl
cysnide and dinmethyl amime hydrochloride with 20 g, {0.66 mole) of paraformslde-
hyde ia 100 ce. of ethanol to which was added 0.75 cc. of concentrated hydrochlorie

aoid,. The mixturs was refluxed at 80° and estirring sainteiped for two hours.
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Then 800 ce. of boiling scetone was added and the mixture gradually cooled,
finally in an ice-salt bath. Ho precipitate of amine hyirschloride came sut,

The layers were separsted. Thse lower loyer, soluble in water, and which contained
the dimethyl amine hydrochloride as well as any of the Mannich base hydrochloride
(1f present) was steam-distilled. ¥No orgenic mgterial came over, which it was
hoped, would be Z-cyanc~1, 3-hutadiene.

The upper scetsne~sbgolute aleohol layer was dietilled. A small fore-
run at 65~80% was collected, then 7.3 g. of liguid, bB.p. 80=-112°, :’:”}3 1.4048,
eorregponding to impure allyl cvanide.

Piperidine hydrochloride was used as the smine hydrochloride im twn
experinments, but no Hennleh bsse was obtained, Une experiment using dimethyl
anine hydrochloride was run in iso-smyl slcohol and refluxed at 150° for one
kour, but the amine hydrochloride which orystallized out was identical with the
starting material,

Trioxane {the trimer of formaldehyde) ves employed in two experinments

without success.

8, 2-Cyang-4-acetory

In a 500-ce., thres-necked, round-bottomed flask fitted with &
mechanical stirrsr, a 50° thermometer and drepping funnel were placed 35 g.
(0.5 mole) of 3,4-epoxy~l-butens, 61.2 g. (0.5 mole) of mcetic anhydride and
100 ce, (70 g.) of ether, Stirring was started and the flask cooled to 3-5° by
an ethanol and Dry Ice bath as 20 g. (0.5 mole) of sodium cysnide in 150 ecc. of
distilled water was added drop by drop over a period of forty-five mimutes.
Stirring was continued an additional thirty minutes at 35°, The layers were
#eparatsed, the organie layer dried over anhydrous ssdium sulfate, decanted inte a
Claisen distilling flask snd distilled from an oil bath using an ice-cooled

receiving flask, Thers wae obtasined two fractione, b.p. J~37° and 55-86° at
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atmospheric pressure amounting to 85,3 and 5.5 g., respectively, corresponding

o recovered sther-epoxybutsne mixture and epoxybutene, Also two ester fractions,
4,6 g. of & 1liguid, b.p. 67°/3 mm., 3%33* 1.4180 and 9.0 g., b.p. 88%/2 mm,,

ﬁacn 1.4231. Finally st 828 /6 mm., 5.5 g. of a 1iquld distilled which solidified
on eooling to u white solid, m.p. 89, This ecommound has an odor of hydrogen
eyanide and acetic aphydride and lts melting polnt 1s that ziven in the literature
for scetyl eyanide dimer.ta The yleld of acetate ester wag 13,6 z. or 45 per
ecent of the theory (based on the recovery of about 20 g. of epoxybutene). The
exset structure of thls compound has not been determined asg yet,

A similar run at 0-5° using 0.5 mole of potassium cysnide in 60 g,
of dlstilled water gave 10 g. (14 per cent of theory) of a liguid, b.p. 71/3 mm.,
‘a%ﬁ 1.4330, and 24 g. of blsck residus which was not distilled.

The effect of temperature on the reaction was determined at -10%, C°
and 10° using the same anounts of starting materiale except the resctions were
rag in benzene solution. In every case there was ebiamined only the by-product,
scetyl cyanide dimer, in a yield of about 16 g., b.p. 64°/1 mm., nwﬂ 1.,4138,

which solidified on cooling to s white s0lid, m.p. 65°.

This compound wag prepsred in a manner similar to that of the acetate,
using 35 g. (0.5 mole) of 3,4~epoxy-l=butene and 70 g. (0,5 mole) of benzoyl
shloride in 100 ca. of dry benzene eund sdding a solution of 30 g. {0.5 mole) of
sodium cyanide in 150 ce, of d1stilled water drop by drop over a perisd of twenty
pinutes. Feactlon tempersture was -3 to ~5°, Stirring was continued an
additionsl twenty sinutes,

¥hen the layers were separated and waeshed with 5 per cent sodium
carbonate golution a very stable emulsion formed whieh would not break umtil s

little ethenol was added. Distillation gawe 23.5 g. of liquid, b,.p. 50-65°
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ecorresponding to recovered snpoxytutens, 34.5 g, of sthyl benzoste, b.p. 58°/10 mm.,
nseD 1,5030, and finally 17.7 g. of the benzoate ester of the evano-alechol;
b.p. 25967 /0.5 ma.; nmn 1.5162, This is 17.5 ner cant of the theory (or 55
per e¢ont based on the smount of 3,4-epoxy-l-butsne actually used up).

The effect of temperaturs was investigated. 4t 0% or 3% ne
benzoste cster could be isolated; st 10° no ester was obtaimed, but instead 70 g.
of 8 very hizsh bolling, visesus, feilow 1iquid was obtained which distilled at
150°/1 mm, end solidified on cuoling to a 80lid, m.p. 95°. Analysis of this
gompound ghowed 1t to be an isemer of banzoyl cyanide, and the meliing point
corresnonds %o that of the diner described in the 1i teramre.u'm Benzoyl
ey&ni&e\ melta at 32°,

Anal. Caled, for Ciqfyo0uMg: G, 73.30; H, 3.85; N, 10.64,

Pound: ©, 72.75; H, 3.86; ¥, 10.48,



I1I, PART TW0: THE STRUCTUERE OF BENZOYL CYANIDE
DIMER AND THE ADDITION OF BENZOYL CYANIDE
TO AROMATIC ALDEHYDES
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A. Hiptoriesl

Agetyl and benzoyl cyanide dimers are well~kmown compounds of long
standing. Euhazrxsbfirst reported the preparation of scetyl cyanide dlmer, but
its structure was not correctly determined until Bruaner;f studied this compound
gnd assigned to 1t & astructurs which has been coafirmed by later wsrkarn.xs'la

Sinilerly benzoyl cyanide dimer was discovered by ﬁache,xa bat ite
structurs remained unknown until Blels and ?illaﬁsg advenced s structure based
on gertain derivatives they obiained. 3ar&raffla called into gquestion the
structure of benzoyl cyanide dimer postulated by Diels and ?illouéi but did not

investigate the compound Further.



B, Theoretical
The structure of scetyl cysnide dimer {I) iz shown below along with

the structure of benzoyl cyanide dimer {II) postulated by Diels and Pillow.

o
) o Cells
) N L
GH 4000-C~CH g Calig-0 6
) |07 Ng=g
cn C=N
1 i1
0
ox i:i/
| | HHy
05 Hg000~C~C sl CoHgl00-0n0gHg
] | o
1314 s<
KHp
111 Iv

The analogy between structures (I) and {III) should be borne out by
infrared abeorption spectra as well as the lsolation of a dlamide of each com~
pound, The diamide of scetyl cysnide dimer was reported by Earéra-ffw and its
sfructure proved.

The reaction of banzoyl cyanids with benzaldehyde was investigated
in order to confirms in a different way the structure for benzoyl cyanide dimer
{I111) whiech wvas believed to be more satisfactory tm $hat advanced by Diels and

Pillow (Structure 1I)., Thias reaction mey be formulated as follows:

0 L0 H

CgHs00CK + CgHgl” — 5 GgHalu0-0-Cglis
H f
oN

a0
and is analogous to the reaction diseovered by Adams and his students some

years ago,
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A A

RCOGL + R1C7 —> BOZG-CCR
" !

131

in which an seid chloride adds to the reactive carbonyl group of an gliphatic or

aromatic aldehyde,



1., %he Formation of Acetyl and Benrzoyl Cysnide Dimers

The reaction of 3, 4~epoxy-l-Putens with saturated aquecus sodiun
cyagida solution and acetic enhydride at various temperatures gave a® a by-product
"acetyl cyanide dimer", which is ectually a-methyl- G-scetoxy-melomonitrile.,
Sinmilarly benzeyl chloride, 3,4-spoxy-l-butene and ssturated aguseous potassium

eyenide solution at 10% gzave "benzayl cyanide dimer".

2, ldentifiecation of Benzoyl Cysnide Dimer

In an effort to identify this by-product a derivative was prepared
by hydrolysis with sulfuric aclid wvhich was found by annlysis to be a digmide
of benzoyl eyanide dimer. It melted at 203.5%, whereas Diels and ‘f’iliowx‘
reported that only = monoamide could be obtained which melted at 174=177°.

Infrared absorption spectra (Figure la snd b) of benzoyl cysnide

dimer snd acetyl cyanide diner show them to be analogous im structare, and there

is no evidenes for the oxygen bridge of structure (II).

3. Infrared Absorption Spectra of Benszoyl Cysnide and Acetyl Cysnide Dimers,
The Diamide of Benrzoyl Cymnide Diwer, and Acesyl snd Benroyl Cysnide
Ir, Poil A, Miller and Mrs, J, L, Johneon determinesd the infrared

apecti‘a and mede the following statement concerning thenm:

"Comparison of the spectra {Figure la and b, curves C and D) of the
two diners indicates that they have snalogous structures. Both show wesk ~O3F
absorption {2256 em.”>) and strong Os0 stretehing frequencies (1746 and 1767
em. t), The faet that the =0 band of the benzoyl cysnide dimer {curve D) is
20 em .“z lower than that of the aceiyl eyanide dimer (curve C) indicates that 1t
12 conjugated with the phenyl group. In the spectrum of the diamide of the
benzoyl eyanide dimer {curve B} the CZK sbsorption is abssnt and strong anmide
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C=0 absorption {1675 - 1700 e-m.’*} sppears in addition teo the O=0 freguency foumd
in the original compound. A complex seriss of N~H stretching frequencies also
appears bebwesn 3120 gnd 3480 cmo }, Both these spectra (curves U and I of
Figure 1) show the characterlstic carbon~carbon stretching frequsncies of the
phenyl gzroup at 1493 and 1502 emst, The presence of two strong bands around
700 em. *, where the monmo-substituted phenyl group absorbs, indicates two types
of nono-gubstitution, e.g. Gsﬁﬁcz | and Gaﬁgi:}« « The remainder of the strong
absorption bands inm the spectre (from BOO - 1400} are due to vibrations of C-0,
G-C, C=¥ linksges snd extensive parts of the molecnles. These frecuencies are
to0 grestly affescted by slight changes in structurs to be of any value in
interpretation,

"fhe infrared absorption curves of acetyl {curve A) and benzoyl

1 and ketone

{curve B) cyanide both show a C ¥ stretching frequency at 2235 em.”
€=0 grouad 1700 em, *. This is at & lower frequency in the benzoyl where 1t is
more highly conjugated. Characteristic phenyl frequencies appear in (B} at
1600, 1580, 1490 em.”) and at 700 ex.”? for the mono-substituted phemyl group.
Typical of methyl ketones, except acetone, the acetyl cyanide absorbs in the
CHy reglon {1370 em.”) and has e strong band around 1170 and one between 700
and 800 em,” "

Thus the dimers have the structure that might be expected if one acyl

cyanide molecule sdds to the csrbonyl group of another molecule,

o 0 _OCOR
Re” ¢ B0] ——> B-CCON
oF 1414 I
ex

4, The Addition of Benzoyl Cyanide ¢ Benzaldehyde end dnissldehyde

It has been found that benzoyl cyanide will indeed add to the active

earbonyl group of sn sromatic aldehyde im the presence of catalytic amounis of



e

arusous potassium hydroxide. This furniehes a tonvenieont method of comverting

an arometie saldehyde $5 the benzoste of the corresponding eyvanohydrin,

000Gl
0 0 1\
Callgl +  CaHgl —— CgBg-C-C¥
Ng T ex \.
< §

The resction works well with benzaldehyde end anissldshyde, but hss not heen

successfully extended to alinhstic aldehydes or any ksiones.
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D. ZExperimental
1. acetyl Cyanide Dimer and Benzoyl Oyanide Dimer

a ~jcetoxy-a ~methylmalononitrile was obtained by high vacuum
dietillation of the residue of a reaction employing acetic anhyiride and aqueous
potassium cyanide as clear liquid, b.p. 82°/6 mm,, which on cooling solidified
to a white solid, n.p. 65°, having sn odor reminlecsnt of hydrogen cyanide and
ascetic acid., The solid was crvstallized from agueous aleohol solution. Brunner“
glves the melting poind for acetyl cyanide dimer as 69°.

Ansl. Caled. for CuHg0gN,: €, 52.17; H, 4.38; N, 20.29,

¥ound: ©, 52.01; H, 4.18; N, 20.28,

Simllerly, o-benzoyloxy~a -phenylmalononitrile was obtained by
distillation at dimipished pressure of the residue of a resctlion employlng benzoyl
chleride and squeous potassium cyanide as a yellow, wiscous liguid, b.p. 150% /1 mm.,
which solidified on cooling to & white solid, m.p. 95°. The solid wee recrystal~’
lized from aleohel, m.p. s,

Ansl. Celed, for CygH;o0p%z: C, 73.30; H, 3.85; K, 16,64,

Found: ©, 72,75; H, 3.65; ¥, 10.48,

Two grams of a~-benzoyloxy- a~phenylmslononitrile was placed in &
125-m1, Erlemmeyer flask and diseolved in 10 ml, of concentrated sulfuric asid.
As 5 few drops of water were added the tempersture rose %o 85°, The flask was
cooled in en ice bath, end a white solid separated out as 100 ml, of water wes
slowly added with stirring., The solid was collecled on a Buchner fannel and
vashed with cold water. Tha material wes reerystallized from 100 ml. of benzens
containing & small smount of aleshel. *he recrystallized materisl, after drying
at 65°, melted et 186-190°, Afger further reerystallization from benzene

containing a 1ittle alcohol and ether, the solld melfed at 203,5~-204.5° (unéorr.).
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Anpl. Caled. for Oyof, 40a¥g: ©, 64.42; H, 4.73; W, 9.38.

Found: €, 64.60; H, 4,.90; K, 9.20.

3. Agetyl Cyanide snd Bengzoyl Sranide
Acetyl eyanide was prepared from cuprous cyanide and acetyl bromide
.21
secording to the directions given by Migrdlchian, and benzoyl cranide by the

: 23
method ziven in "Organic Syntheses”.

4, 3Benzoste of p-Kethoxybenzaldehyde Cyanohydrin

Taree grams (0,023 mole) of bsnzoyl eyanide and 3 g. (0.023 mole)
of snlsaldehyde were mixed in s 50-ml, glass-stoppered bottle, and 6 ml. of 10
per Acent sgueons potassium hydroxide solution was added. The botile wae shaken
gbout ten mimutes. An emulsion formed first, and later s viscous yellow 21l
settled out. The agueous layer was decanted and the residual oil crystellized from
elechol, There was obtained 2.8 g. (46 per cent of the theory) of a solid,

B.p. 64-65°; the mother liguor comtained additional materisl which did not
erystallize, BRecrystallization of the solid &id not change the melting point.

A mized melting determinstion with an authentic sample of the benzonte
of p-methoxybenszaldehyde ecyanohydrin (m.p. 64-65°) prepared by the method of
Francis snd Davi Baa showed ne depreasion. These suthors gave the value of 66~67°
for the mlting point of this compound.

Apal. Caled. for CigfyadsN: G, 71.91; H, 4.86; N, 5.24,

Found: ©, 72.09; H, 4.,78; ¥, 5,14,

5, Benzoste of Benzaldehyde Uyan qgéxii
In a 50 ml. glass-stoppered bottle were placed 2 g. {0.015 mole) of
benzoyl eyanide, 1.6 g. {(0.015 mole) of benzaldehyde, and & rl. of 5 per cent
stueous potessium hydroxide, The bottle was sheken for about fifteen minubes and

& vhite solid ball formed. The agueous solution was decanted, and the solid was
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reerystallized from alcohol, Thers was obtalned 0.45 g. of the benzoate of
benzaldehyde cyanohydrin, m.p. 59%, and 0.3 g. af. a white so0lid, m.p. 121°
{probably benzoic acid). From the mother liquor there was obitained by further
evaporation 1.3 g. of aolid, m.p. 54-55°, making total yield of 49 per cent of
theory of the beuxzoste of benzaldehyde cyranchydrin. Hesrystallizatlon of the
Amwrial melting at 59° d1d not change its melting point, The compound was
submltted for sna.lys-is:

Anal. Caled. for CysH; 052 €, 75,%3; H, 4.67; ¥, 5,90,

Found: O, 76.03; H, 4,73; ¥, 5.91.
a3

Frencis and Davis report the melting vnoint of the benzoate ester of

benzaldehyde cysnchydrin as 83-64°,
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IV. PART THRES:; THE DIMERIZATION OF 2-CYANQ-1, 3-BUTADIENE

AND THE STRUCTUEK OF THZ DIMER
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A. Historical

The dimerization of dienes to yield cyeclic compounds 1s a well-kmown
general reaction. Butadiene, the simplest diene, dimerizes by a Dielsg-Alder
condensation to 1rv1nyl-‘Afieyalahsxena,a‘ and 2echlare~1, 3-butadliene, the
chloro-analog of 2-eysno-1,3-butadiens, has baen shown to dimerize im two different
wvays, yielding a six~ and an eight-membered ring eampennizs‘ae {Structures I

and I1),

c1

Gl



B, Theereneal

1. The Possidble Structures of the Dimer

The formatlon of the dimer of Z-cysno-l,3dutsdiene by s Dlelg~-Alder

condensation may occur in the following ways:

CHg
A CHACHy
CH
(xy | + GCeCH=CH; —> oN 113
] ||'cn HO~
N\ CHg
CHy
CHg CH=CH
V4 / CH=CH,
- i:-cﬁ ﬁ-eﬁ ¥
2 4 5 CR 1y
CE CH; 4
\\ <
CHp

One molecule of S-gyano-l,3-butsdiens, with the nitrile-sctivated
double bond, acte as the dlenophile and thus permite the facile sddition of
anothasr molecule of the dilene to give one or both of the iwo isomers shown
(111 and IV)., The formation of dimers analogous in structure to those found
in the still residues of 2-chloro-l, S-butaﬁlauﬁﬁ'w cannot be exeluded, although
it would be d4ifficult to understand how addition across tha nnsetivated ethylenie
bond wonld oecur {under the very mild conditions in which the dimerization of
S-cyano-1, 3-butadiene had taken place) in preference to the nitrile-sctivated
double bond. Thus, structures {V) snd (V1) are also possible, but not probable:

Cx
-C=CH o
A

"G
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Bither structure (IIl) or (IV) with its nitrile~activated double bend
in the ring, possess the structursl requirement for further 1,4~addition of
S~eyeano-1, 3-butadiens in the Diels-Alder manner, which presumably could give rise

to & new type of polymer having the structure:

~  CR
¥=C-
CH=CHg
GH
N
5 . .J b 4

Thus a determinstion of the structure of the dimer may throw some

1ight on the structure of ths polymer of Z-cysno-1, 3-butadiene.

2, Proposed Methods of Proof of Structure

The method originslly proposed to convert the dimer to a known derive-
tive involves the sedium amalgam reduction of the double bomd a-f %o the
activating group, shown below for structure (II1), This partially hydrogenated
derivative could then be converted to a known eyclohexane dilearboxylic aecid by

ozonolysis and desarboxzylation of the resulting substituted malonic seid,

CH=CHp CH=CHg CH=CH,
o o: . CODH KaHg NCOOE
HC~ B0 &  HOWC —3H00C
111 i1 lea
{or isomer) LW’
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A second method of abttsck is to dehydrogenate and partielly decar~

boxylate the unsaturated dibasic seid {VII) to » known aromatic derivative:

CH=CHy
~CH i,

CO0H -C0a : ~Hg or m-isomer

BEOOC HOOC

VI1

{or iscmer)

3, Physieal Bvidence

The vhysical evidence obtained from the infrared sbeorption spectra
of the dimer should reveal the presense of two different nitrile groups in the
eaze of structures (III} and (IV), but 4in structures (V) and {VI) both nitrile
groups are conjugated with a double bond., A eéafirmatery check ig possible
with the speetrs of the di-ceter derivative of the dimer. A comparison of the
observed and eslculated molar refrsctivities for the liguid di-ester will alse
indicate the extent of eonjugation in this compound by the amount of exaltatlon

of the molar refractivity found from the physical data and calculated by the

xza-»l
¥n "( nail»?;\) ? )

where n ® refractive index, =m = molecular weight, and 4 = density.

28
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€. Discugsion of Results

1. Formation of the Dimer

2-Cyano-1, >~butadiene dimerizes very readily. There wes isolated a
erystalline compound, m.D. Tange 30-40%, from g sample of monomer contalning a
1ittle picrie seid as inhibitor and which had been stored in the ieebox for
gome time. This compound had a molecular weight of 146 as determined by the
freszing point of scetic aeid, The theoreticsl molecular welght of the dimer

i1s 158,2.

2. Crystallization of the Pure Compound

The dimer was later distilled under reduced pressure, but analysis
showed some desomposition had occurred. Attempts to recrystzllize the pure
compound from various solutions wers at firet unsuccessful, yvielding only yellow
oils, but later it was found possible to obtain the pure dimer as white needles,
m.p. 55°, from dilute agueous sleohol solution, Repeated crystzllisations of
the materisl remaining in the mother liquors ylelded only the same compound, and

no svidence for isomers was found,

3. OChemical and Physicsl Properties of the Dimer

The dimer of 2-cyano-l,3~butadiene has two olefinle bonde as shown
by hydrogenstion ueing 10 per cent pallsadium on charecal in an Adams hydrogena-
tion spparstus at room temperature. It does not decolorize bromine in chloroform
solution, but does readily decolorize dilute agmeous potassiun permanganate solu-
tion when the compound is dissolved in acetone. Ultraviolet sbsorption indicates
the dcuble bonds are not in conjugation with each other, Infrared absorption
{(Figure 2, curve A) revesls the presence of two different altrile groups with
sbhaorption at 2243 and 2220 cm:l {1.e. unconjugated and conjugsted with &
double bond), and two double bond frequencies, 1639 and 1649 en.”?, indloating a

conjugated and an unconjugated doubls bond.
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The compound is soluble in aleschol, chloroform, benzene, scetic acld,

ether, =nd acetons, and insoluble in water, cyclchexane, and Skellysolve B,

4, Saponifiscstion of the Urude Dimer

Saponification of the crude dimer with 35 per cent aqueous sodium
hydroxide solution yields only one unsaturated dibasic scid {m.p. 235°) with a
nesutral eguivalent of 100.4. The theoretical value for the dibssie acld corre-
sponding to the structures {I) to (IV) is 98,1, The unsaturated acid decolorizes
dilute agqueous potassium permanganate solution only whern the test is carried out
in slecohel, aceording to the suggsstion of Ipatiaff,as and dses not glive a
positive tost in acetone solution. A quantitative hydrogenation of the unsaturated
aeid wveing 10 per gent palladium on charcoal catalyet showed two double honds %o

be present.

b. Attenpted Sodium Amslganm Reduction of Unsaturated Dibasic Acid

Several attempts to carry out the reduction using 2 per cent sodlum
amalgen with either an aqueous solution of the sodium salt of the acid at a pH
of 9-9.5 or a dilute agueosus sleohol solution of the sodlum salt of the acld
feiled, The compound recovered wes ifentical (melting point and mixed melting
point) with the starting materlel, Zvidently the olefinlc bond rmuet be more
highly asctivated (i.s. phenyl and carboxyl groups as in einnamic acid) for the

reduction to take place readlly.

6. An Attempted Sulfur Dehydrogenation
An gttempt to convert the scid (m.p. 235°) to sn aromatic derivative
by dehydrogenation with the theoretidal amount of sulfurm was unsuccessfnl, A
small amount of orange-colored solid was distilled out of the melt at 0.1 mm,

pressure, This material waes slksli-soluble, but attempts to erystallize a pure
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compound. from aither agueous acetlic acid or aqueous alcohol solutions yielded

only gummy precipitatas.

7. CLatalytic Dehydrogenstion

A eatalytic dehydrogenation with 10 per cent palladium on charcoal
catalyst and a small amount of copper chromite catalyst to promote decarboxyla-
tion of the tertiary carboxyl group yielded g-ethyl bensole acid.

Isolation of this derivative shows the following reaction hss occurved:

CH=CH,
~CHCH 5
CogH CuCrOs + 00, + Hy
HOOC —_—> HOOU
Pd on €
220-320°
Vil ¥Ii11

8. Zgterification of the Unssturated Dibasic Aold

The diethyl ester {IX) of the unsaturated scid was obteined by sulfurie
@
ecid catalysed esterifiecation with sbasolute ethanol. The esgullidbrium vas
displasced by azeotropic distillation of the water-benzene-sthyl alcohol ternary

mixture over a perioed of several hours,

CH=CH, CR=CH g
Ha80,
CO0H + excess OgHgOH —> CO0CHg
HOOC- C 385000~

Vil ix
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9, Molar Befractivities of the Di-ester
28
Using the values for atomic refractivities given im Shriner and Fuson
the theoretical moleecular refractivity was caleulatsed %0 be 67,04, The observed

a8
molecular refraciivity as calculated by the Lorenz-Lorentz squation is

2.1906 -1\ { 252,30\
My ‘(2.19&5 @3](1.%39] = 67,38
using the dats obtained from a pure sample of the compound. The exaltation of
0.34 may be attridbuted to the presence of the double bond conjugated with the
ester group, but is hardly large enough to indicate the presence of fwo negative
{eleatron-attracting) groups conjugated with double bonds., Infrared absorption
maxima (Figure 2, curve B) sccur at 1636 and 1654 en?, indicating s conjugated
and an unconjugated double bond, and at 1715 and 1730 em.‘a. indicating a conju—

gated and an unconjugsted ester group.

10. Assignment of Structurs to the Dimer

Accordingly structure (III) iz gssigned to the dimer of Z~cyano-1,3-
butadiene as the most probable structure on the basis of the chemleal and

physical evidence.

CHeCH,
ex
HC-

111

This etructure is compatible with the physieal and chemical evidence
g0 far obbtained., No evidence was found for the elght-membered ring compound,
structure (¥I). Fallure to obtaln eny G -carboxy-styrene in the dehydrogenatlon

of the unsaturated scid, as well as the fasile formation of the dimer even at
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low temperatures appesrs to be convincing evidence that the Diels-Alder con~
densation has involved the nitrile-activated rather than the unsubstituted
ethylenic bond. This is borme out by the infrared absorption spectra and the
moler refractivity of the dl-ester derivativa,

Une may perhaps speculate that the pars rather than the mets isomer
weas produced by the Diels-Alder condenssiion, becaunse the pars compound, being
more symmetrical, would be mors inmsoclubls, have a higher melting wpoint, and
thus separate out of the equilibrium mixture at 5°. It would be of intersst to
deterzine the producks of the dimerization of Z-eysno-l,3~butadiene at higher

tenperatures.
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D, ZExperimental

1. Dimer of 2-Uysno-1, >butadiene

A sample of 57 g. of the monomer, conbtalning a little pleric aeid as
polymerization inhibitor, when stored inm the icebox at 5° for sbout three months,
had solidified to the extent of about 75 per cent. When warmed up to room tem-
perature the solid dissolved, but after the remaining monomer wes removed by
distillation, the residual viscous oil {ca. 40 g.) erystallized when cooled,
m.p. Tonge 30-40°,

In another instance the solid residue remsining in s bottle of Z-eysno~
1, >butadiene {containing plcrie acld ae inhibitor) which had been stored in the
tesbox for about six months was scraped out and pleced in a small ground-glass
distilling flssk. The dimer was dlstilled under high vacuum through an 8-in.,
heliz-packed column, There was obtained 4.2 g. of liguid, b.p. 110~112°/1 mm.,
which solidified en standing to & white solid, m.p. range 30-40°. A brown,
geni~-viscous liguid which remsined in the flask became spongy when cooled but
was interspersed with erystellites.

An analysis of the liquid, b.p. ,116-;1? /1 mm, was obtained,

Angl, Caled. for C oH;oNz: ©, 75.92; H, 6.37; ¥, 17.71,

Pound: C, 74.48; H, 5.94; X, 16,74,

The sample grew darker in color on standing,

Crystallization of this compound from dilute slechol was done in the
following way. The crude dimer was disselved in slcohol, treated with Dareo,
and filtered. The filtrate wes evayérnta& and & few milliliters of water added
wntil the solution began to get cloudy at 50°, When cooled to room temperature,
the solution was seeded with a small erystal previously obtalned and placed iIn
the icebox. The mass of crystals which formed was collected or a Buehner funnel,

washed with very dilute aleohol, and air-dried, n.p. 54-54,5%, Further similar
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treatment of the filtrste {omitting the Dares) yilelded three more crops of
erystale. The third erop, which melted over the renge of 44-51° wes contaminated
with some of the residual oil, but the fourth erep wes colorless and melted at
54-55°, In anether sexperiment crystals were obiained which melted at 55-56°;
analysis of this material, in constrasi t6 the compound whieh had merely been
digtilled, sgresd wall with the theeory.

Ansl, Caled. for CyoHyoNg @ €, 75.92; H, 6.37; ¥, 17,71,

Found: ©, 75.92; H, 6.53; X, 17.87.

The dimer iz soluble in dioxane, a»bssl;ate ethanol, scetic aclid, acetons,
benzene, and ether, gzives & cloudy solution with methancl, and is insolubls in
water, cyclohexgne, and Skellysolve B, The dimer decolorized dilute potassium
permenganate solution rapidly when dissolved in acetone; a blank run on the

scetone d1d not decolorize permsnganate.

2, DMolecular Weight Determinations

The molecular weight of the dimer was determined erysscopically by
means of the depression of the freezing point of glaciasl acetic acid. A depression
of 0,6% was obiained by dissolving 1.12 g. of the golid in 50.0 g, of glacial

, az
scetic acid. Using the eguatlon

T= 'g M vhere T is the constant for 100 g,
of solvent (39 for zlacial acetic meid), © 1s the depression of the freezing
point, P 1is the welght of the solute im 100 g. of solvent and M is the

molsoular weight, mol, wi, = %‘% ¥ %'&” = 146,

The molecular weight of the dimer wss also determined by measurement
of the elevation of the boiling point of benzene. Using a Beckmann thermometer
the boiling point of 10 ml, of benzene was determined after equilibriuam vas
established, 0.097 g. of the solld dimer was added and the boiling point vas

again determined after several minutes, An elevation of 0,21 + 0.02° ocourred.
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Using the formula

mol, wh, = 2000 T K x wvhere X = molal boiling constant of
sx 2 benzens = 2,67

£ = grams of solute
8 * pramsg of golvent

T = alevation of boiling point

1000 x 2.87 x 0.097

Kol. g, = ,
1. % 8.70 x 0.21

= 141

The ealculated molecular weight of & dimer is 158 20,

3. Hydrogenation of 2-Cysno-1, >-butadiene Dimer
In order io determine the mumber of double bonds in the dimer, 4,0 g.

{0.0254 mole) of the solid (from the previous distillation, b.p. 110-112°/1 mn.)
end 1.0 g. of 10 per eent palladium on charcoal catalyst were placed in e hydro-
genation bhotile along with 50 cc. of absslute ethanol and hydrogenation was
carried out at 25° in an Adsms hydrogenation aspparatus at 40 pounds initial
hydrogen pressure. This smount of material would require a pressure drop of
11.5 pounds if two double bonds were present in the dimer, An initlel drop of
2.5 pounds oceurrsd in the firat three minutes of sheiking; the hydrogen up-take
became slower, with 2 total of 8 psunis of pressure drop occurring in feriy
minutes. The hydrogenation was continued for a tolal of eighteen and one-half
Bours, until a 10-pound preesure drop bad cccurred. This corresponds to 87
per cent of the theory for two double-bonds.

The hyirogensted compound was obiained by high vecuum distillation after
first removing the catalyst by filtration aad the ethanol by distillation at

3 mm. pressure. There was cbtained 1.5 g. of liguig, b.p. 115-118°/1 mm, which



solidified on cooling %o a white so0lid which would not decolorize dilute potassium
permanganate solution., The solid was submitted for analysis.

Angl. Caled. for Cyoly gig: N, 17.27. TFound: ¥, 15,95,

4. Seponification of the Dimer of 2-Cyano-1, 3-buisdiene

4 80lld aecild derivative of the dimer has been odtained by hydrolysis
of the nitrile groups using 4.5 g. (0.0286 mole) of the crude solid with 6.7 g.
(0.12 mole) potassium hydroxide im 30 ec. of water. The mixture was heated under
reflux for one hour, during which time ammonia could be detected, Them 0.5 g. of
additional potessium hydroxide wes added snd refluxing was continued four hours
until no more smmonia could be detected. One gram of Darco was adcied to the
resulting orsnge sclution, which wag then filtered. The solution was cooled in
ice and pcidified with 50 per cent sulfuric ascia. The pracinitated aclid was
collected on a Buchner funnel, redissolved in 95 per cent ethsnol, and concentrabed
some by evaporation; then water was added and the solution was allowed to erystal-
lize at room temperature, The first erop of orystals, silvery-vhite leaflets,
amounted to 0.3 g., m.p. 235-236° (sintered 230°). By further evaporation of the
filtrate and crystallization fm-éé d4ilute aleohol sslution a total of 2.6 g. of
solid (ca. 50 per cent of theory), m.p. 235-238%, was collected, A portion of
material was lost vhen a solution boiled over,

In & second experiment 3.6595 g. of the dimer was saponified by heating
with 15 g, of =odium hydroxide in 50 ce. of water over a pericd of fourteen and
sne~half hours while the vapors coming off were tested for the presence of smmonia,
The alkaline solution was added clowly with very rapld stirring by an sir-driven
motor to a solution of 41.5 cc. »f 12 ¥ hydrochloris aseid and 50 cc. of water in
8 250-ge. beaker., The precipitated aclid wse collected on & Buchnsr funnel, washed

with distilled water and dried in an oven at 55° for two hours; m.p. 231-232°



{eintered 225 ). The yleld was 3,088l g. or 70.5 per cent of the theory, The
aeid was recrystuzllized from alechol-water solution, m.p. 235°,

Adrglysis of the recrystallized acid was obtalned,

Anal. Caled. for Cyofyz0a: ©, 61.21; H, 6.17.

Found: ©, 60,80, 60,73; H, 6.1i, 6.34.

The unsaturated acid is soluble in alecohel and hot water, and sparingly
soluble in ether, benzene, and amcetone. I% decolorizes dilute potassium perman~
ganate solution when dissolved in €5 per cent sthenol, It does not decolorize

bromine in earbon tetrmechloride solution,

5. Attempted Sodium Amslgsnm Redustion of the Unsaturated Aeid

The unssturation present in the cese of structures () mand {IV) is of
two types, with one of the double bonds a-P to & nitrile group. The
unsatursted acid derived from either of these structures, then, should have its
a=~p double bond reduced by sodium smalgam without affecting the unconjugsated
double bond. However, when this was attempted, atcording to the method of
Bachnann, Cole, and Wilds, 3 the recovered msterisl had a melting peoint only one
degree lower than the starting material (234-235%), and a mixed melting point
was ldentiecsal,

The attempited reduction was repeated, using 10 per cent aqueous aleohol
instesd of water and st s temperature of 50° inatead of 20%, but agaln the
recoverasd scid had the same melting point (234®) ass the starting nmsterial. The
guantities of materisl used in both cases were 0,196 g. (0.001 mole) of
unsaturated acid, 1.5 g. of potassium hydroxide in 15 cc. of selutiom and 12 g, of
2 per cent sodium amslgam. The solution was shaken for fifteen minutes,

a8

A third attempt followed the directions given by Gattermsun, im

which the sodium amalgam fs added portionwies to & solution of the acid in
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allzali Jjust basic to phenclphthalein indieator {pH:9-9.5) . The recovered

product was identical with the starting material,

6. Heutralization Bguivalent of the Unsatursted Acid

Using phenolphthalein as indicator, 0,0881 g, {(0.000500 mole) of the
unsaturated aclid required 10.15 ec, of 0.09625 ¥ sodlum hydroxide solution.

Thie is 0.9769 nilli-equivalents. Hence, the neutralization equivalent equals

38 = 100,4, If dibasie, th 0.8 (eal
L0769 x 16~ e £ agle, the molesular weight is 200.8 (ealeulated

for the unsaturated dibasie acid, 196.20).

7. Guantitative Determination of the Number of Double Bonds in the

Unsatursted Acid by Hydrogenation

A hydrogenstion apnaratus designed tc¢ measure guantitatively the amount
of hydrogen taken up by an unsaturated compound consisting of & gas buret con-
neectsd with & ground glsss hydrogenstion bottle in & shaker was used in this
expariment. There were placed in the bottle 50 ece. of absolute ethanol, C.5 g.
of 10 per cent palladium on charcoal and 0.1962 g. {0.001 mole) of the unssturated
acid., The system was evacusted and filled with hydrogen twice, the volume of
hydrogen at 737 mm. pressure and 23.8° was noted and shaking begun. In ene
minute 53,5 ce. of hydrogen wae absorbed before stopping the shaker, The gas
buret was refilled and shaking was resumed. In the next hour and twenty minutes,
42,9 ec. of hydrogen at 23° and 742 mm. was absorbed, msking & total of 96.4 cec.
of hydrozen.

in & blank determination, 0.500 g. of 10 per eent palladium on charcoal
in 50 ec. of sbasolute alcohol teok up 40 & 2 ee. of hydrogen at 22° and 749 mm.
pressure. This is eguivalent to 42 cc. st 742 mn, end 23°, In other words, the
unssturated compound itself reguired only about 54 ec. of hydrogen. The amount

eslculsted for two double bonde is 50.0 ce. at 23.8° and 742 wm,



=44

8. Dehydrogenation of the Unssturated Acid With Ten Per Cent Palladium on
Sharcoal
In an 18 x 150 mm. Pyrex test tube were placed 1.00 g. (0.00510 mole)

of the unsaturated acid, 0.100 g, of 10 per cent pallsdium on charcoal catalyst,
and 0.0l g. of copner chromite catalyst. The materials were mixed and the test
tube closed with e one-hole rubber stopper fitted with a 6~1in. length of glase
tubing. The tube was connscted by means of rubber tubing to a U-shaped caplllary
glase tubing immersed in a pan of water and extending part way up into a BO-cec.
buret filled with water and standing in the water.

The svolved gas was collected in the buret and the volume, temperature,
and pressure of the gas noted as the dehydrogenation wes carried out. As one
buret became filled with gas another was put in its place and filled with water
by suction.

The test tube was placed in a Wood's metal bath heated with a Bunsen
burner to an initial temperature of 220°, Gas bubbles begsn to sppear after a
few minutes heating, snd as they began to slacken, the temperature of the bath
was ralsed over a period of four hours; the finsl temperature was 320%. A
totsl volume of 163.5 ce. of gas at standard temperature and pressure (corrected
for water vapor preasurs) was collected. The theoretical amount of hydrogen
at standard tempersture and pressure is 114 ce. for 0.00510 mols. An equal amount
" of carbon dioxide should be evolved, but it is very soluble in water (90 co. per
100 ec. of water at 20°) and only a portion of it was gollected (ca. 50 cc. by
difference).

The catalyst and product were washed out with distilled ether and the
catalyst filtered off. The residue remaining after the ether was avaporated
8011dified when chilled in the lecebox.

The aleohol solution was treated with Dareo, filtered, and the

solution saturated by adding water at the boiling point. Two successive attempts
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at erystallization yielded only gummy precipitates. The aleohol solution was
transferred to & 10-cc. distilling flask, the aleochol removed, an& the residue
gsubjected to distillation at reduced pressure, OUnly a drop or two collected in
the side-arm {b.p. 145-150%/1% mn.), but when the distillins flaek cooled, solid
erystals appeared on the sides, The erystsis were scraped out, and weighed
0.053 g.; B.p. 98-105%, When recrystallized from alcohol-water solutlon, m.p. 1129,
The litersture gives 110-111‘*” and na—zm”” for the melting point of p-ethyl
benzole scid; prethyl benzole acid melte at 4‘?”.

Angl. Caled. for GgHyo0: C, 71,98; H, 6.71.

Feund: €, 71.50; H, 6.99.

9, Zsterification of the Unsatursted Dibasic Acid

In = 50-ec., ground-glass, rouvnd-bottomed flask atteched to a 3~ft,,
water-cooled condsnser were placed 0.98 g. (0.005 mole) of the unsaturated acid
{m.7. 235°), 5 cc. of absolute zleohol (0,085 mole) snd 2 drops of concentrated
sulfuric scid, The reactants were refluxed on the steam bath for four hours,
Then 10 cc. of bemzene was added, the water-cooled condenser replaced By a 10-in.
Vigresux column and a totsl reflux partisl take-off head and the solution
heated under practically total reflux as the azeotropic mixture of alcohol,
benzene, sand water was taken off at 65-72° over a perind sof four and ene-half
hours, The remaining traces of benzene and alcohol were removed by distillation
under water pump preasure.

The residus was dissolved in 50 e¢e. of distilled ether and washed thres
timee with 13-cc. pertions of 5 per cent agueocus potasslum hydroxide solution,
&riad over enhydrous sodium sulfate, filtered and distilled under reduced pressure
in 2 10-ce. distilling flask. The ester boiled at 131-33°/3 mm. snd amounted to
15-20 drops, nmﬂ 1.4801; djg 1.0639; M, ealed. 67.04; Mp fourd 67.38 -(m’iia‘.’iaﬂ

of 0,34),
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The distilled ester is soluble in sleohol, ether, and chlsroform; in-
soluble in dilute potassium hydroxide and 10 per cent sodium bicarbonate solutisn.
The esteor decolorizes dilute agueous podaesium permsnganste solution, but does
not deeolarize bromine in chlproforz solution,

The ester was subnitted for analysis as the diethyl ester of the
unsatarated dibasie acid,

Ansl. Caled. for C;¢¥z004: U, 86.84; H, 7.99,

¥ound: €, 66.54; H, 7.95.
Aeldifiecation of the potassium hydroxide wassh solutlon with concentratsd

hydrochlorie acid gove 0,178 2, of resovered seid, m.p, 2335-234%,
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V. SUMMARY

Seversl routes to the synthesls of Z-cyasno-1,3butediiene were in-
vestigated, bhut the only practicable method was found to be the pyrolysis of
the acetate of methyl vinyl ketons eysnohydrin, though even here it was shown
that the majer product is an isomeriec sater furméﬁ by an allyl-tyne rearrange-
ment and Sesyaspo-l,3-butsdiene ig obisined in yields of only asbosut 30 per cent,
The Mannieh resetion of sllyl eyanide with formaldehyde and dimethyl anine
hydrochloride could not be successfully achieved. The cleaveze of 3,4-epoxy-l-
butens with sodius cysnide snd acetie anhydride or bLenmoyl chloride gave poor
yields (33=40 per cent) of the carmsyaa&ing estors of the oyano-aleohol under
all conditious inveatigated, The dimers sf acetyl and henzoyl cyanide were
obitsined g8 by-praducts In thesa resstlons.

While the structurs of acetyl cyanide dimar 1s well established that
of benzovl cvanide dimer praviously advanced by Diels and Pilllow ie inconsistent
wvith the izolation af a2 dilanide snd with the now-Imown infrarsd spectrum of this
cormound. The infrared specirs of scetyl and benzoyl eyanide dimers are guite
analogesus. A wore satisfactory structure, analogons to that of acetyl and other
alkyl cysnide dimers, ic sugrested for benzoyl eyanide dimer,

This structure suggests that the dimer has heen formed hy the addition
of one molecule of banzoyl ¢yaaida. to the carbonyl group of another molecule.

It was found that banzoyl cyenide will indesd add te¢ the active earbonyl group
of an sromatic aldehyds in the presence of agueous pobtassium hydroxlde.

A dimer of ~eveno-l, 3~butzdiene waz diseovered and iis strveture
elucidated, The dimerization cccurred under very mild conditions, suggesting
a Dielp-alder condensatisn of osne molecule of the monomer across the nitrile-
activeted ethylenic bond of snother molecule. This condensation was shown to have

&
taken place %o yleld the pare isomer, l-vinyl-1,4~dieysno~ 4 -cyclohexens.
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The dinitrile was saponified sznd the resulting dibesic scid was simultaneounsly
partislly decarboxylated and dehydrogenated to p-ethyl benzoic acid. Further
eonfirmation of the structure postulated for the d‘léer of 2-eyanc~1, 3-butadiene
was obiained from the infrsred spectrum of this eompound which ghowed two
different nitrile groups to be present, indicatinmgz one double bond is conjugated
and the other is not conjurated with s nitrile group, and showsd also a conjugated
and an unconjugated double bond, The infrared sbsorption gpectrum of the

dienter was snalogous.
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