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1-Cyano-1,3-butadienes.

By H. R. Sxvper AND GroOrGE . Po0s

The previous papers of this series have reported
the separation of l-cyano-1,3-butadiene into its
geometric isomers,! the Diels—Alder reaction of
trans-1-cyanobutadiene with -maleic anhydride
and butadiene,! the carbon structure of the butadi-
ene adduct? and the isolation and characteriza-
tion of the dimner of l-cyano-1,3-butadiene.? The
carbon structure of the dimer (I, dotted line
shows orientation of reactants) permits only one
interpretation of the dimerization: one molecule
acts as a diene and the ferminal double bond of the
other molecule acts as the dienophilic center, It
might have been anticipated that the dienophilic
molecule would react at the terminal double bond,
since reaction at the internal bond undoubtedly
would require greater interruption of the reso-
nance within the molecule. The carbon structure
of the butadiene adduct of frans-1-cyanobutadi-
ene is consistent with either of two interpreta-
tions of its formation; the cyanodiene may react
as the dienophile, but with the futernal double
bond serving as the dienophilic center (formula
II), or it may react as the diene with butadiene
functioning as the dienophile (formula I1T).
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These considerations made it desirable to study
the reactions of other dienes with the l-cyanobu-
tadienes. The present .paper reports the conden-
sations with cyclopentadiene, 2,3-dimethylbuta-
diene and isoprene.

cts- and framns-1-cyanobutadiene cach yielded a
Diels—Alder product when heated with cyclopen-
tadiene. The ¢is-cyanodiene gave an adduct in
589, yield when heated with cyclopentadiene at
50 or 100° for many hours. Under similar condi-
tions trans-cyanobutadiene and cyclopentadiene
gave a product in 809, vield. The products were
shown to have the same composition by microan-
alysis; however, the material obtained from the
trans-diene had an appreciably higher refractive
index and boiling point (11.3° difference at 4 mm1.)
than the product from the ¢is-cyanodiene,

In order to establish firmly the difference be-
tween the adducts they were hydrolyzed with alka-
line hydrogen peroxide to the corresponding
amides. These solid amides had similar melting
points but were proved to be different by a mixed
melting point determinatiou.

Structures IV, V and VI represent the carbon
skeletons of the Diels—Alder products theoretically

{1) Soyder, Stewart and Myers, THIS JOURNAL, 71, 1053 (19aD),

{2) Snyder and Poos, 7bid., T1, 1057 (1949).
{3) Snyder and Paos, £hid., T4, 1395 (1949),
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possible from the condensation of 1-cyanobutadi-
ene and cyclopentadiene. From a consideration
of these possibilities, structure VI seemed un-
likely because of the inability of ¢fs-cyanobutadi-
ene to function as a diene.!

Oxidation of the cyclopentadiene adducts with
ozone or potassium permanganate led to similar
acidic, nitrogen-free products that could not be
induced to crystallize. In one ozomnization experi-
ment hydrogen cyanide was detected during the
decomposition of the ozonide with hydrogen per-
oxide, and a material that appeared to be cyan-
uric acid was isolated along with the gummy,
acidic product. These results are consistent with
structure IV for the cyclopentadiene adducts of
both ¢is- and trans-1-cyanobutadiene.

That the cyclopentadiene adducts differed only
in the spatial arrangement about a carbon—carbon
double bond was proved by catalytic hydrogena-
tion to the same nitrile (VII). Both adducts
absorbed two moles of hydrogen over 29, palla-
dium on calcium carbonate catalyst at ordinary
temperature and pressure. The samples of satu-
rated nitrile obtained from the two adducts were
hydrolyzed to the corresponding amide (VIII)
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with alkaline hydrogen peroxide. The products
were proved to be identical by a mixed melting
point determination. Since the cistrans isomer-
ism of structure V is due to the rigidity of the ring
and would not be affected by catalytic hydrogena-
tion, structure IV was assigned to the adducts.
On the basis of the almost invariable stereoselec-
tivity of the diene synthesis involving alicyclic di-
enes,! the endo configuration was assigned to the
adducts. Since the original space relationships of
the cyanobutadienes were retained in the adducts,
the higher-boiling adduct (IX) was known to be
trans (from irans-cyanobutadiene) and the lower-
boiling product (X), cis (from cis-cyanobutadi-
ene). The reactions and products involved are
outlined in equations A.

This proof for the structure of the cyclopentadi-
ene adducts was substantiated by the preparation
of the amide XI fromn a compound of known struc-
ture. The scheme emploved is given in equation
B. The well-known endo-2,5-endomnethylene-3-

A AN
/ A chgeo,m, _/ S0C NHs 7
CoHsN
¢

ot (Vs
\'\/ Q\*¢ Q\‘\é
( B ) \001\.\ \00“\'\1
X1 X111 X1

cyclohexene-1-aldehyde (X11} was prepared by
the method of Diels and Alder® from acrolein and
cyclopentadiene. When this aldehyde was con-
densed with malonic acid in pyridine containing
a trace of piperidine according to the procedure of
Haworth and co-workers,® an 879 yield of endo-
8- (2,5 - endomethylene - 3 - cyclohexenyl) - acrylic
acid (XIII) was obtained. The acid was con-
verted to its chloride with thionyl chloride and the
corresponding amide was prepared by treating
the acid chloride with amionia. The resulting
amide (XI) proved to be identical with the amide
obtained from the hydrogen peroxide-sodium hy-
droxide hydrolysis of  the trans-cyanobutadiene-
cyclopentadiene adduct. The {rans-configura-
tion was assigned to acid XIII and its derivatives
on the basis of the correspondence with the trans-
adduct amide,

As with cyclopentadiene, both the c¢is- and
trans-1-cyanobutadienes gave products when
heated with 2,3-dimethyl-1,3-butadiene; how-
ever, lower yields of a mixture of products were ob-
tained with both of the cyanodiene isomers. By
fractional distillation it was shown that the major
product in each case was a homogeneous material.
The lower-boiling, lower refractive index product
was obtained from ¢s-cyanobutadiene and 2,3-
dimethylbutadiene. By a comparison with the
results of the work with the cyclopentadiene ad-

(4) Alder, et al., Ann., 814, 1 (1934);
Chem., §0, 510 (1037).

(5) Diels and Alder, A#nn., 460, 98 (1928).
(8) Haworth, ¢f al., J. Chem, Soc., 125, 1603 (1924).
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ducts, it appeared that again a cis,tirans pair of
adducts was involved.

Proof of the 2,3-dimethylbutadiene adduct
structures was obtained by the same scheme used
for the cyclopentadiene adducts. When reduced
over 2% palladium on calcium carbonate catalyst,
both adducts absorbed one molar equivalent of
hydrogen and yielded the same dihydronitrile,
3-(3,4-dimethyl-3-cyclohexenyl)-propionitrile. A
confirmation of the identity of the nitrile samples
was obtained by alkaline hydrogen peroxide hy-
drolysis and a mixed melting point comparison
of the specimens of g-(3,4-dimethyl-3-cyclohex-
enyl)-propionamide. The hydrolysis of the cis-
cyanobutadiene-2,3-dimethylbutadiene adduct
with hydrogen peroxide-sodium hvdroxide yielded
an oil from which only a small amount of crystal-
line material could be isolated. The homogeneous
product from frans-cyanobutadiene yielded a dif-
ferent crystalline amide by alkaline hvdrogen
peroxide hydrolysis.

The mixtures of slightly higher-boiling prod-
ucts obtained from cis-cyanobutadiene and 2,3-
dimethylbutadiene and the slightly lower-boiling
products obtained from the {rans-isomer were
shown to be mixtures of the ¢is- and frans-adducts
by hydrogenation to the same dihydronitrile that
was obtained from both of the adducts and by
hydrolysis to an oil and #rans-B-(3,4-dimethyl-3-
cyclohexenyl)-acrylamide.

That the trans-cyanobutadiene-2,3-dimethylbu-
tadiene adduct amide was frans-3-(3,4-dimethyl-
3-cyclohexenyl)-acrylamide was confirmed by
synthesis,.  The acrolein-2,3-dimethylbutadiene
adduct” was condensed with malonic acid and the
resulting  irans-f3-(3,4-dimethyl-3-cyclohexenyl)-
acrylic acid was converted to the corresponding
amide wia the acid chloride. Microanalyses and a
mixed melting point determination proved the
identity of the amide samples.

Both the cis- and frans-cyanobutadiene isomers
yielded rather complex mixtures of products when
heated with isoprene at 100° for several days.
From the cis-isomer there was obtained 369, of a
material which was separated by fractional distil-
lation into a single lower-boiling adduct and a mix-
ture of higher-boiling adducts very similar to the
product obtained from the ‘rams-cyanodiene. As
a result of a study of the infrared spectrum of the
homogeneous lower-boiling product, it was con-
cluded that  ¢is-B-(4-methyl-3-cyclohexenyl)-
acrylonitrile (XIV) was the probable structure,
Alkaline hydrogen peroxide hydrolysis of XIV
yielded an oily product along with a trace of crys-
talline amide.

Proof of the cis-cyanobutadiene—isoprene ad-
duct structure (XIV) was obtained by careful hy-
drogenation to the dihydronitrile XV and hydrol-
ysis of XV to B-(4-methyl-3-cyclohexenyl)-pro-
pionamide (XVI) (equations C). An authentic
specimen of XVI was prepared for comparison by

(7) Dlels and Alder, A 2., 470, 62 (1920).



1098

the addition of one mole of hydrogen to trans-3-
(4-methyl-3-cyclohexenyl)-acrylamide  (XVII).
The frans-amide XVII was prepared from its acid
(XVIII) through the acid chloride. The conden-
sation of 4-methyl-3-cyclohexene-1-aldetiyde’®?
(XIX) with malonic acid was used to prepare the
trans-acrvlic acid XVIII {equations CJ.
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Isopretie and frans-cyanobutadiene vielded 524
of a mixture of adducts from which no single prod-
uct.could be separated by careful fractional dis-
tillation through a small Fenske colummn. The
mixture of products was then distilled through a
miniature Podbielniak ‘“Hypercal” column in or-
der to effect a more efficient separation. Again no
single product was obtained, but, fromn the physi-
cal constants of the various fractious, it appeared
that a greater degree of separation had been
achieved.

From the boiling point, index of refraction, in-
frared spectrum and behavior on alkaline hydro-
gen peroxide hydrolysis, it was concluded that the
lowest-boiling material was largely the cis-cyarno-
butadiene—~isoprene adduct.

Hydrolysis of an intermediate-boiling fraction
with hydrogen peroxide-sodium hydroxide pro-
duced an oily material along with a small yield of
a single crystalline amide. The purified solid
gave a carbon-hydrogen analysis that was correct
for a one-to-one adduct amide. This amide was
different from all of the other adduct amides ob-
tained from isoprene and cyanobutadiene. The
infrared spectrum (curve III) shows absorption
bands to be expected for amide carbonyl (1651
cm. 1), the second amide band (1621 em. ™! and
for the --NH, group (3207 and 3400 cnr.™).  The

€8 Lehomonn and Pausche, Ber., 68, 1146 (1935).
(91 Alder, Shumacher uid Wolt), A nw., 564, 74137 (1441,
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strong absorption band at 899 cm. ! is character-
istic for the RoyC=CH, linkage." A structure of
the type represented by formula XX is tenta-
tively proposed on the basis of the infrared data.
This compound would be formed from a reaction
in which cyanobutadiene is the diene and isoprene
the dienophile as shown in equation D.

e CH,
;/:'CH CH-=Cee=ClHs
oy Sy g
CH
CH. Clh
- COXNH.
N o, L CH
SN EeaCl ~9-(\WL*LH
. S
XX

Hydrolysis of the highest-boiling fraction of
trans-cyanobutadiene—isoprene product with alka-
line hydrogen peroxide produced a mixture of
amides which was separated into two components
by fractional crystallization. The higher-melt-
ing amide was present in the smaller proportion
and proved to be trams-3-(4-methyl-3-cyclohex-
enyl)-acrylamide (XVII) as shown by mixed melt-
ing point and microanalysis.

The major product from this hydrolysis was a
lower-melting isomeric amide. From the infrared
spectrum of this material (curve II) it is apparent
that the compound s very similar to XVII
(curve I). These spectra were determined in Nu-
jol suspension. The spectra of the two com-
pounds were also determined in chloroform solu-
tion at about the same concentration and were
found to be virtually identical. Despite this
spectral similarity, the materials proved to be dif-
ferent. A mixture of the two amides melted over
a temperature range between the melting points
of the compounds both before and after melting
together. It appeared ualikely that the com-
pounds being compared were cis,trans isomers for
the lower-melting amide was different from the
solid amide obtained from the cis-cyanobutadiene—
isoprene adduct (XIV) and would not induce the
crystallization of the oily product obtained from
the hydrolysis of XIV. Since the remaining pos-
sibility is position isomerism, structure XXI
which would be formed as shown in equation E
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Fig. 1.—Infrared absorption spectra:
isoprene adduct amide, m. p. 115.5-116.5°;
All of the spectra were determined in Nujol suspension.
determination and interpretation of these spectra.

is tentatively proposed for the {rans-cyanobutadi-
ene—isoprene adduct amide melting at 115.5-
116.5°.

It was apparent from this preliminary investi-
gation that a mixture of at least four isomeric
adducts is produced by the Diels—Alder reaction
of cyanobutadiene and isoprene. From the fact
that a number of adducts are produced, it was
concluded that isoprene and cyanobutadiene func-
tion simultaneously as dienes and dienophiles in
the reaction. Thusisoprene and {rans-cyanobuta-
diene are apparently of about the same order of
reactivity as dienes.

Since none of the adducts from any of the di-
enes studied appeared to have been formed
through dienophilic activity of the internal double
bond of either of the 1-cyanobutadienes, it seems
highly unlikely that formula II represents the cor-
rect interpretation of the reaction of butadiene
and trans-1-cyanobutadiene, Structure III thus
represents the probable mode of combination of
these reagents,

Neither of the cyanobutadiene isomers formed
a Diels—Alder product with anthracene by pro-
longed refluxing in benzene. Furan did not react
with cyanobutadiene in several experiments in
which the materials were heated together for two
days at 50°. Maleic anhydride readily gives ad-
ducts with both furan'! and anthracene!?; there-
fore, it is apparent that cyanobutadiene is less re-
active as a dienophile than maleic anhydride.

In order to establish more firmly the configura-
tions of the 1l-cyanobutadiene isomers, the pure
isomeric nitriles were converted to the correspond-
ing amides by hydrolysis with sodium hydroxide

(11) Diels and Alder, Ber., 62, 554 (1929).

(12) Bachmann and Kloetzel, THIs JoUurNaL, 60, 481 (1938).

1, trans-B-(4-methyl-3-cyclohexenyl)-acrylamide;
111, trans-1-cyanobutadiene-isoprene adduct amide, m. p. 113.5-114.5°,
The authors are indebted to Miss Elizabeth Petersen for the

11, trans-1-cyanobutadiene—

in the presence of hydrogen peroxide. From the
lower-boiling nitrile there was obtained an amide
melting at 96-97°, The isomeric amide from the
higher-boiling isomer melted at 123-124°. The
assignment of configuration! and these results
agree with the usual observation that the (rans-
isomer is the higher-melting of a pair of cis,trans
isomers.
Experimental!? !4

The Cyclopentadiene Adducts of 1-Cyano-1,3-butadiene

The cis-Cyanobutadiene-Cyclopentadiene Adduct.
Preparation.—A mixture of 9.0 ml. (7.8 g., 0.10 mole) of
pure cis-cyanodiene and 9.0 ml. (7.3 g., 0.11 mole) of
freshly prepared cyclopentadiene containing a few crystals
of picric acid was sealed in a 4-o0z. screw-cap bottle and
heated on the steam cotite for seven hours. Fractionation
of the reaction mixture through a small Fenske column
yielded, in addition to unreacted cyanobutadiene and di-
cyclopentadiene, 8.13 g. (587,) of a water-white oil; b. p.
80° (4 mm.), n®p 1.5115.

Anal. Caled, for C,)HN: C, 82.71; H, 7.64. Found:
C, 82.79; H, 7.92,

The adduct was prepared in 58 and 579, yields by heat-
ing the same ratio of reactants together at 50° for twenty-
four and one hundred seventy-seven hours, respectively.

Hydrolysis.—A solution of 2.58 g. of the cis-cyanobu-
tadiene~cyclopentadiene adduct in 25 ml. of 959, ethanol
was treated with 0,71 ml. of 6 N sodium hydroxide and
7.1 ml. of 309, hydrogen peroxide. The solution warmed
slightly and evolved oxygen. After being kept at 50° for
seventeen hours the solution was made exactly neutral with
dilute sulfuric acid and then treated with finely divided
platinum to decompose the excess hydrogen peroxide., In-
organic material was separated by filtration and the solu-
tion was evaporated to a small volume in a stream of air.
The white crystals that separated were collected on a filter,
sucked free of oil and washed with cold water; 0.56 g.
(209%). After four recrystallizations from benzene the
amlde melted at 139.2-140.7°,

(13) All melting points are uncorrected.
(14) Microanalyses by Mrs. Jane Wood, Misses Emily Davis and
Rache! Kopel and Mr. Maurice Dare.
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Anal.  Caled. for CpoHpNO: C, 73.49; M, 8.03.
TPound: C,73.47; H, 8.27

The oil obtained along with the erystalline product was
found to consist of about cqual parts of the original nitrile
and an acid, presumably the corresponding acid.

Hydrogenation .-~ The adduct {1.44 g.j was redacesd to
the saturated nitrile in mettvmol 130 ml) over 265 palla-
diu on caleitm carbonate (0.50 g.) it roomn tewmperature
and atmospheric pressure.  The theorcticat uaonut of
hydrogen was absorbed in twenty-two minutes, both bonds
reducing with cqual ease.  After filtration from the cata-
lyst the methanol was boiled away and the residual oil was
distilled ¢n vacue.  There was obtained 1.29 g. {86.6C,) of
a colorless product; b pi. 907 (2.5 mny, #% 14700,
it fdiled to decolorize potasshon pernlanganate.

Anal. Caled. for Ciod¥ N OO 80480 H, 10015,
¢, 80.50; H, 10.07.

Hydrolysis of the Hydrogenated Adduct.-— Lo a solution
of .90 g. of the saturated adduet in 10 ml. of B3%; ethanol
containing .24 ml. of § N sodium hydroxide was added
2.4 ml. of 309 hydrogen peroxide. After bheing main-
tained «t 50° overnight, the reaction mixture was worked
up in the wsual fashion.  There was ohtained 0.69 g.
1B8Y) of an oily solid, m. p. 106-111°, Three recrys-
tallizations from 1:1 benzenc-petrolenm cther rased the
melting point to 111-112

Found:

Anal.  Caled. for CuHeNO: <, TIsl; H, 1024
Found: C, 72.07; H, 10.22.
The (trans-Cyanobutadiene-Cyclopentadiene Adduct.

Preparation.-—rans-1-Cyano-1,3-butadienc (9.0 ml,, 7.8
g., (.10 mole) and freshly prepared cvelopentadiene (9.1
ml., 7.9 g., (.11 mole} were mixed with o few crystals of
picric acid amld sealed 11w 4-0z. screw-cap bottle.  The
vessel was rotated in a 50° bath for one hundred and sixty
Liours.  The material was distilled through a small Fenske
eolumu, and there was obtained 11.3 g. {80.0%,) of color-

iess adduct, b, p. 91.5° {4 mm.), #*p 1.5165.
Anal, Caled. for C N CoR2.71: I, 7.64. Pound:

C, 82.73; H, 7.80.

Hydrolysis.-—A 1.18- & sample of the adducet was hy-
drolyzed in 10 ml. of 955 ,J o ethenol with .32 mi. of § .V s0-
dium hydroxide and 3.2 ml. of 30% hydrogen peroxide.
The reaction was exotherniic. Aftcr heating the mixture
at 507 Jor five hours and working up the product ju the
usual fashion, therce was obtained 0.46 g. (35%;) of crude
amide. The product was recrystallized once from ben-
zene and three times from water; m. p. 135.5-157°.

Anal. Caled. for CpHuNO: O, 73.09; H,
Found: ¢, 73.73: I, £.00.

A mixture with the cis-cyanobutadieue-ceyelopetrtudi-
ene adduet amide fue, po 1392140777 melted at 100 -
112°,

Hydrogenation. - A sofatiinn of L4d g, of the frans:
evanobntadiene-cyelopentiadiene adduet in 3l ol ructh-
anel to which G310 g, of 295 palladimm on caletum varbsen-
ate had been added was shiaken at raom temperatine mwider
ote atmosphere of hydrogen. - The theoretical amount of
livdrogen. necessary to saturate both double bonds was
iibsorbed in fifty-three minutes; the rate of hydrogen ugi-
iake slowed somewhat daring the last part of the reaction.

‘The catalyst was removed by filtration and the solven
wus boiled away. Vacuum distillation of the pale vellow
runludl oil yielded 1.29 g. (869,) of a colorless product;
b. p. 91° (2.8 mm.), #%p 1.4803.

Hydrolysis of the Hydrogenated Adduct.——One-huif
gram of the reduced adduct in 10 ml. of 95%, ethanol was
hydrolyzed with 0.13 ml. of 6 N sodium hydroxide and 1.3
ml, of 309, hydrogen peroxide by warming the solution at
50° for twenty hours. After neutralizing, decomposing
the excess peroxide and-evaporating the solution te a small
volume there was obtained 0.48 g: (84%) of white crystals,
w1, p. 101--110°.  One recrystallization from 1:1 benzene-
petrolenmn ether (30-60°) raised the melting point to
114.5-116°. A mixture with the hydrogenated cis-cyano-
diene-cyclopentadicene adduct amide (m. p. 111
2 A0 melted at 112518057
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trans-endo-B-(2,5-Endomethylene-3-cyclohexenyl) -
acrylic Acid (XIII).—The combination of acrolein and
freshly prepared cyclopentadiene in ether by the method
of Diels and Alder® was used to prepare endo-2,5-en(10<
metlivlene-3-cyel ohexme 1-aldehyde (XII) in 839 yield:
h. p. 747 (23 mm.), 1it.5 70-72° (20 min.); »¥p 1.4883.
A mixture of 1¢.1 g (0.14 mole) of freshly prepared XI1
and 1.5 g. (0.3 mole) of malonic acid in 65 nl. of pyri-
dine to which | mi. of piperidine had been added was
heated on the steam cone for two hours. The evolution
of carbon dioxide was almost iimnediate and continued at
a steady tatc.  The yellow solution was refluxed for five
minntes 1o complete the reaction and then was allowed to
cool.  The reaction mixture was pourced into an excess of
dihite hydrochiloric acid containing ice. The organic layer
wias separated awd the agqueous layer was extracted with
three 100-ml. portions of ether. After combination with
the organic layer the ether solation was dried and the
cther was removed. Distillation in vacuo yielded acetic
acid and NITI as a heavy colorless oil, b, p. 107- 108°
(5,32 mm. ), 2% 1.5260.  The yield was 20.0 g. (87%).

A, (.;xlm, for ColHe0,: C, 7514 H, 7.37. Found:
C, 72.88; H, 7.72.

Acid Chloride and Amide of XIII.-~Oue gram of the pure

actd and an equal volume of pure thionyl chloride were
slowly heated to 100° in a test-tube protected from mois-
ture by @ calcium chloride tube. The solution was kept
at 100° for forty-five minutes and then cooled and trans-
ferred to a small distillation apparatus. Distillation
vacuo vielded ca. 0.50) g. of « yellow oil, b. p. 63° (0.4
mm.). A higher boiling residue wis discarded. The
freshly distilled acid chloride was poured iuto 3 ml. of
concentrated aqueous ammonin containing a little ice.
An oil separated which soon crystallized. ‘'he white
crystals were collected, washed thoroughly and dried;
0.23 g., m, p. 118127°. After four recrystallizations
from water the amide melted at 133.5-136.5° alone or
when mixed with the amide obtained from the hydrolysis
of the iridns-cvanobutadiene-cyclopentadiene adduct.

Awnal, Caled. for CuplipNO: C, 73.59; H, 8.03.
Found: C, 73.6¢; M, 8.13.

The 2,3-Dimethyl-1,3-butadiene Adducts of 1-Cyano-1.3-
butadiene

The ¢i:-Cyanobutadiene-2,3-Dimethylbutadiene Ad-
duct. Preparation.-—A mixture of 5.0 g. (0.063 mole) of
pure cis-cyanobutidiene, 5.2 g. (0.063 mole) of 2,3-di-
methylbutadiene and cu. 0.1 g. of picric acid was sealed i1
i 4-0z. screw-cap bottle. The vessel was heated at 100°
for forty-two hours and then was cooled and opened, aud
the contents were fractionally distilled. The main frac-
tion was 3.04 g. (309,) of a pale ycllow oil, b. p, 7T0-71°
;0.30 mm.), #%p 1.4093. A redistillui sample of this
wmaterial was colorless; b. p. 66° (0.27 mmn.), #%°p 1.4992.

Anal. Caled. for CHeN: €, 81.83; H,9.38. Found:
<, 8181, H, 9.01.

Iy addition 10 this wuin fraction, there was obtained
1.28 g. of yellow liguid, b. p. 80-115° (0,30 mm.), n%p
1.5072.  Redistillation of this material showed that it was
probably 4 wisture of the ¢is-adduct, the frans-adduct
aid evanobntadiene dimer resultmg from isomecrization ol
the c/s-cyanobutadiene, That isomerization of the cis-
adduct was not involved was shown by heating the ¢is-
adduet at 100° for nincty-six hours, after which it was re-
covered unchanged by distillation.

Hydrolysis.—A solution of 0.41 g. of the cis-cyanobuta-
diene-2,5-dimethylbutadiene adduct in 5 ml, of 959%
ethanol wasy treated with 0.11 ml. of 6 N sodium hydroxide
aud 1.1 nil. of 309 hydrogen peroxide. The reaction
mixture was kept at 50° for twelve hours and then cooled,
made neutral with dilute sulfuric acid and stirred with
mangaaese dioxide until the excess hydrogen peroxide was
destroyed. After filtration the ethanol was evaporated,
whereupon an oily material separated. This oil failed to
crystallize when cooled, rubbed with a stirring rod or
left to stand for several weeks. The material was heated
wider cedueed pressure in arder to remove thr nitrile
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present by distillation. A portion of the residue crys-
tallized. The crystals were collected, sucked free of oil,
washed with several portions of cold 509, ethanol and
dried; 0.01 g., m. p. 1056-111°. There was not enough of
this material for purification and analysis.

Hydrogenation.—A solution of 1.72 g. of the adduct in
45 ml. of methanol containing 0.60 g. of 2%, palladium on
calcium carbonate was hydrogenated at room temperature
and a pressure of three atmospheres. In twenty minutes a
pressure reduction corresponding to one molar equivalent
of hydrogen occurred. The mixture was left on the shaker
an additional fifteen minutes but no more hydrogen was
absorbed. After filtration from the catalyst and removal
of the solvent the residue was distilled under reduced
pressnre. There was obtained 1.56 g. (899%,) of colorless
product, b. p. 76° (0.30 mm.), »®p 1.4813.

Anal. Caled. for C;HyyN: C,80.92; H, 10.50. Found:
C, 80.79; H, 10.60.

Hydrolysis of the Hydrogenated Adduct.—One gram of
the dihydro-adduct in 5 ml. of 959, ethanol was hydrolyzed
with 0.26 ml. of 6 NV sodium hydroxide and 2.6 ml, of 309,
hydrogen peroxide by warming at 50° for eighteen hours.
The reaction mixture was wor ked up in the usual manner to
yield an oily amide. After one recrystallization from ben-
zene (Darco) there was obtained 0.57 g. (51%) of product
melting at 113-115°. An analytical samnple was prepared
by recrystallizing this material three timnes from benzene to
a coustant melting point of 114.5-116°.

Anal. Caled. for CyH;uNO: C, 72.88; H, 10.56.
Found: C, 72.75; H, 10.53.

The trans-Cyanobutadiene-2,3-Dimethylbutadiene Ad-
duct. Preparation.—Cyanobutadiene (5.1 g., »%*p
1.4963) and 2,3-dimethylbutadiene (6.4 g.) were mixed
with a few crystals of picric acid and sealed in a 4-oz.
screw-cap bottle. The bottle was kept at 100° for forty-
one hours, A careful fractional distillation of the contents
yielded, in addition to unreacted 2,3-dimethylbutadiene,
three higher-boiling fractions: I, 0.19 g., b. p. 38° (16
mm.), »2p 1.4852; II, 0.59 g., b. p. 66-72° (0.25 mm.),
n2p 1.4990; III, 1.61 g. (15.5%), b. p. 74-76° (0.28
mm.), #¥ 1.5048. The highest-boiling fraction (III)
appcared to he homogeneous and was taken as the de-
sired product. This material was redistilled several times
and subinitted for microanalysis; b. p. 77° (0.35 mm.),
n¥p 1.5053.

Anal. Caled. for C;H;;N: C, 81.93; H, 9.38. Found:
C, 81.75; H, 9.57.

Fraction I was cyanobutadiene, presumably the czs-
isomer. From the boiling point and refractive index it
appeared that fraction II was the same as the cis-cyano-
butadiene-2,3-dimethylbutadiene adduct.

A sccond preparation was carried out in order to con-
firm this apparent isomerization of the {rans-forms to the
cis-forins, The same quantities of reactants were heated
together at 100° for sixteen hours and the product was
fractionally distilled. In addition to unreacted 2,3-di-
methylbutadiene and cyanobutadiene (#¥p 1.4880),
there were obtained three fractions of adduct: I, 0.78 g.,
b. p. 69-71° (0.30 mun.), 2 1.4990; II, 1.60 g., L. p.
73-75° (0.30 mm.), »¥®p 1,5025; III, 0.33 g., b. p. 75°
(0.30 mun.), #2%p 1.5050. The intermediate fraction was
liydrogenated to yield the same nitrile (#%p 1.48153) as
was obtained from the hydrogenation of both the cis- and
rrans - cyanobutadiene-2,3 - dimethylbutadiene adducts.
Hydrolysis of the intermediate fraction gave a small yield
of the amide obtained by the hydrolysis of the trans-cyano-
butadiene-2,3-dimethylbutadiene adduct. These experi-
ments indicated that the product obtained was a mixture
of the ¢zs- and {rans-adducts.

Hydrolysis.—A solution of 0.52 g. of the adduct (#*D
1.5053) in 5 ml. of 959, ethanol was treated with 0.13 ml.
of 6 N sodium hydroxide and then with 1.3 ml. of 309,
hydrogen peroxide. After the reaction had subsided the
mixture was kept at 50° for fourteen hours and then
worked up as described previously. There was obtained
0.24 g. (429;) of crude amide, which after three recrys-
tullizations from 95% ethanol melted at 153-1553°.
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Anal. Caled. for CyHpNO: C, 73.70;
Found: C, 73.69; H, 9.64.

- Hydrogenation,—The trans-cyanobutadiene-2,3-di-
methylbutadiene adduct (0.93 g., #%p 1.5050) in methanol
(40 ml.) containing 2% palladium on calcium carbonate
(0.50 g.) was shaken at room temperature with hydrogen
at three atmospheres pressure. One double bond reduced
in three minutes and no more hydrogen was absorbed dur-
ing the following ten minutes. After removal of the cata-
lyst by filtration the solvent was boiled away. Distilla-
tion of the residue yielded 0.85 g. (919%,) of the dikydro-
adduct, b, p. 77-77.5° (0.32 mm.), %D 1.4820.

Hydrolysis of the Hydrogenated Adduct.—A solution
of 0.79 g. of the nitrile in 5 ml. of 959, ethanol was treated
with 0.19 ml. of 6 IV sodium hydroxide and 1.9 ml. of 309,
hydrogen peroxide at 50° for eighteen hours. From the
reaction mixture there was obtained 0.46 g. (53%) of
amide melting at 111-114°, After one recrystallization
from benzene the product melted at 114.5-116° alone or
when mixed with the amide obtained from the hydrogen-
ated cis-cyanobutadiene-2,3-dimethylbutadiene adduct.

irans-B-(3,4-Dimethyl-3-cyclohexenyl) -acrylic Acid.—
3,4-Dimethyl-3-cyclohexene-1-aldehyde’ was prepared in
70.89%, yield by heating acrolein and 2,3-dimethylbutadi-
ene in a sealed bottle at 100° for three hours; b. p. 73°
(8 mm.), lit.,” 79° (10 mm.), »*p 1.4783. The freshly
prepared aldehyde (17.6 g., 0.127 mole) was combined
with 28.3 g. (0.272 mole) of malonic acid in 65 ml, of py-
ridine containing 1 ml. of piperidine. The mixture was
heated on the steam cone for two hours and then refluxed
for ten minutes to complete the reaction, When the cold
solution was poured into an excess of cold dilute hydro-
chloric acid, an oil separated which soon solidified. The
solid cake was broken up, collected on a filter and washed
repeatedly with cold water. After thorough dryiug the
product weighed 21.8 g. (95.2%); m. p. 100-103°. A
portion of the material was purified by three recrystalliza-
tions from 309, ethanol; m. p. 103,5-104.5°,

Anal. Caled. for C;iHy,O ¢ C, 73.30; H, 8.95.
C, 73.13; H, 8.03.

Acid Chloride and Amide of trans-8-(3,4-Dimethyl-3-
cyclohexenyl) -acrylic Acid.—A mixture of 2.77 g. of the
pure dry acid and 3.66 g. of pure thionyl chloride was
heated at 100° for one and one-half hours. Excess thionyl
chloride was distilled under reduced pressure followed by
the product as a pale yellow oil; 1.96 g. (64.5%), b. p.
85-87° (0.25 mm.), 2D 1.5192, There was also obtained
0.57 g. of a higher-boiling material (b. p. 92-93°
(0.50 mm.), »¥p 1.5282) which was presumed to have
resulted from the addition of hydrogen chloride to the
molecule and was discarded. The acid chloride was
poured into cold concentrated ammonia and the amide
collected, washed with water and dried, After four re-
crystallizations from 959, ethanol and two recrystalliza-
tions from benzene the crystals melted at 153-155° alone
or when mixed with the amide obtained from the hy-
drolysis of the #rans-cyanobutadiene-2,3-dimethylbuta-
diene adduct.

Anal. Caled. for CyHiNO: C, 73.70;
Found: C, 73.95; H,9.56.

The Isoprene Adducts of 1-Cyano-1,3-butadiene

The ¢is-Cyanobutadiene-Isoprene Adduct. Preparation.
-—A mixture of 26.8 g. of c¢is-cyanobutadiene and 277 g.
of isoprene to which a small amount of picric acid had been
added was heated at 100° for forty-six hours. When dis-
tilled, the reaction mixture yielded unchanged isoprene and
cis-cyanobutadiene along with 13.1 g. of product (26.29,
or 36.19% based on cyanobutadiene consumed) boiling at
72-79° (1.5 mm.), #2Dp 1.4943. By fractional distilla-
tion of this mixture, 4.1 g. of a homogeneous material was
separated; b. p. 53° (0.23 mm.), #® 1.4938. The re-
mainder of the distillate consisted of a mixture of higher-
boiling, higher refractive index nitriles which was very
similar to the product obtained from isoprene and trans-
cyanobutadiene. The lower-boiling adduct was redis-
tilled twice; bh.p. 53° (0.23 mm.), »n¥p 1.4033.

H, 9.56.

Found:

H, 9.56.
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Anal. Caled. for CoHy,N: C, 81.58; H, 8.90.
C, 81.45; H,9.20.

Hydrogenation —A solution of 0.36 g. of tlie cis-cyvano-
butadiene—isoprene adduct (XIV) in 15 ml. of methanol
containing 0.20 g. of 2% palladium on calciun carbonate
wis shaken with hydrogen at 25° and atmospheric pres-
sure. Within twelve minutes the solution had absorbed
63.5 ml. of hydrogen (theoretical for one double bond was
59.8 1nl.) at a maximum rate of 7 ml./minute.  After
fourteen minutes, 68.5 ml. of hydrogen had been absorbed,
the rate of hydrogen uptake had slowed markedly and the
shaker was stopped. The catalyst was {iltered and the
methanol was distilled. Upon distilling the residue, there
was obtained 0.23 g. of praduct, b, p. 70° (3.5 mm.),
n®p 1.4743.

Hydrolysis of the Hydrogenated Adduct.—The sample
of dihydro-adduct described above was hydrolyzed in 3
ml. of 95% ethanol with 0.07 ml. of 6 N sodiumn hydroxide
and 0.65 mi. of 309 hydrogen peroxide by heating at 507
for eighteen hours.  When processed in the nsual fashion,
the reaction mixture yielded .13 g. (48%;) of produnt
After five crystallizations from petroleum ether (90-100°)
containing a few drop& of benzene, the dihydro-adduct
amide melted at 132-134.5°

Anal.  Caled. for C.mHI;N(): C,
FPouud: €, 7L.67; IH, 10.28.
trans-B-(4- Methy1-3 -cyclohexenyl)-acrylic Acid
(XVIII).—4 - Methyl -3 -cyclohexene - 1 -aldehyde™® ® was
prepared in 78%, yield by heating an equimolar mixture
of acrolein and isoprene together in the presence of picric
acid at 100° for twenty-two hours; b. p. B1-62° (9.0
mm.), lit” 63-64° (10 mm.}, #®p 1.4724. To a solution
of 15.2 g. (0.123 niole} of the freshly-prepared aldehyde
in 60 ml. of pyridine containing 1 ml. of piperidine was
added 27.7 g. {0.263 mole) of malonic acid. After heat-
ing on the steam cone for two hours and refluxing for thirty
minntes, the reaction mixture was poured into a mixture
of ice and an excess of hyvdrochloric acid.  An oily solid
separated which was collected on a Buchner funnel, washed
with cold water and sucked free of oil.  The oily material
collected in the filtrate failed to crystallize and was ap-
parently the cis-isomer. Afxer thorough drying the solid
product weighed 15.4 g. {76%.); m. p: 90-103". Four re-
c*ysmlhzatlons from 2097 Lthdnoi raised the melting point
tr 107-108.5°

Anal. Calcd. for CoH0:: C, 72.26: H, 8.40.
C, 72.02; H, 8.76.

Acid Chloride and Amide of XVIII —Three grams of dry
geid, m. p. 102-106°, was heated with 4.3 g. of pure thionyl
chloride at 100° for one hour. Distillation of the reaction
mixture under reduced pressure vielded, in addition to
anreacted thionvl chloride, 1.52 g. 146.5%) of pale yellow
product; b. p. &1° {(H.23 mm), #¥n 1.5174. There was
also obtained 0.80 g. of a yellow oil, b. p. 92-105° (0.40
mm.), »¥p 1.5207, which was discarded. The freshly
prepared acid cbloride was poured into 10 ml. of cold con-
centrated ammonia solution. A solid amide sepdrated
Which was collected, washed and dried; .80 g. (629%),

L. 150157 After four recrysts \lluanon\ from }it.lr
ze ne the producr melted at 162.5-163.5°

Anal.  Caled. for CiHyNO: €,
Found: C, 72.39; H, 9.32.

Hydrogenation of trans-3-(4-Methyl-3-cyclohexenyl)-
acrylan'lde (XVII).~-A solution of 0.27 g. of XVII {m. p.
£37-1397) i 15 ml. of 959 ethanol containing 0.15 g. of
20% paludmm oun caleiwn carbonate \\as shaken with
Lydrogen at atmospheric pressure and 2 After five
minutes 40.5 ml. of hydrogen had been absorbed (theo-
retical for one double bond was 39.4 ml.) at a maximumn
rate of 18.5 ml./minute. The hydrogenation was stoppesd
alter six minutes when 42.5 ml. of hydrogen had been ab-
sorbed and the rate had slowed to 2 ml./minute. The
catalyst was removed by filtration, the solution was evap-
orated to a small volume and water was added to the hot
solution to incipient cloudiness.” Upon cooling, crvstals
veparated from the solution,  The product was coliceted,

’-‘ound :

T1.81; H, 19.25.

Found:

:H.ﬁ‘d; H, A1),
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washed with dilute ethanol and dried; 0.20 g. (74%),
. p. 131-184.5°.  After three recrystallizations from pe-
troleum ether (90-100°) containing a few drops of ben-
zene the white crystals melted at 132.5-136° alone and at
132-136° when mixed with the umide obtained from the
hvdrogenated cis-cyanobutadiene~isoprene adduct.

Anal. Caled. for CpH;yNO: C, 71.81; H, 10.25.
Found: C, 71.67; H, 10.38.

Hydrolysis of XIV.—To 4 solution of 0.86 g. of XIV in 10
ml. of 959, ethanol were added 0.24 ml, of 6 N sodium
hydroxide and 2.4 ml. of 309, hydrogen peroxide. The
reaction mixture was kept at 30° for twenty-one hours
and then neutralized and treated with manganese dioxide
until the excess hydrogen peroxide was destroyed. Evap-
oration of the ethanol left an oil which could not be in-
duced to crystallize.

Water was added to the oily mixture obtained above and
the water-insoluble material was collected in ether. The
ether solution was washed with bicarbonate, dried, and
the ether was evaporated. The residual oil was trans-
ferred to a small distillation bulb and heated to 80-100°
at a pressure of 0.25 mm. Several drops of a liquid
(#*p 1.4935, presumably XIV) distilled. The residue
was very viscous but did not crystallize on cooling. This
residue was dissolved in hot dilute ethanol and the solu-
tion was allowed to cool. An oil separated from the solu-
tion which deposited a small amount of crystalline material
on long standing. After two crystallizations from petro-
leum cther (90-100°) there was obtained 0.01 g. of crys-
t:lls, m. p. 99-104°,  There was not enough of this mate-
rial for further purification and analysis.

The irans-Cyanobutadiene-Isoprene Products.—In the
initial iny est1gat10n of this reaction, pure rans- cyanobuta—
diene and isoprene were heated together at 100° for forty-
one hours. The complex reaction mixture was fraction-
ally distilled through a small Fenske column, The various
fractions were hydrolyzed with alkaline hydrogen peroxide
but only oils and mixtures of oily amides could be obtained.
It was not possible to isolate a single amide from the mix-
tures by fractional crystallization.

A second preparation was carried out in which a mixturc
of 15.2 g. of cyanobutadiene (#2p 1.4948, predominately
trans) und 19.7 g. of isoprene with a small amount of picric
acid was heated at 100° for forty-six hours, When dis-
tilled under reduced pressure, there was obtained 4.13 g.
of cyanobutadiene (#2p 1.4875) and 10.7 g. (389 or 52¢7,
based on cyainobutadiene consumed) of mixed products,
b, p. 55-60° (0.20 mm.), n%D 1.4965. This material was
carefully fractionated through a 60-plate Podbielniak
“Hypercal”’ column. The distillation was carried out at
a constant pressure of -3 mm. The column was pre-
flooded, and then after equilibrium hid heen reached, dis-
tillate was taken at the rate of one drop cvery thirty seconds

Vapor Vanor
Frac- temp., Frac- temn.,
tion °C ML LEUS tion °C. M. #Ap
i 73.0 D.10 1.4918 V 84.8 0.12 1.4932
7.4 0.50 85.0 0.34
9.5 1.06 86.5 0.88
4.45
11 9.9 0.26 1.4927 VI 8.3 0.06 1.4961
8.3 0.53 838.0 0.55
1.61 88.8 1.10
111 8.3 0.12 1.4930 5.55
81.2 0.50 VIl 89,1 0.60 1.4975
82,2 0.84 6.15
2.45 VIII 89.1 0.15 1.5005
Iv. 82.0 0.76 1.4933 91.0 0.50
84.1 1.12 91.5 1.00
3.57 7.15
IX 91.8 3.80 1.5023
91.8 4.05
11.20
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with a reflux ratio of about 5:1. The total distillation
time was five hours. Indices of refraction and significant
boiling data are given for the various fractions in the ac-
companying table. From the boiling points, it would
appear that the mixture was complex and that a poor
separation was attained. However, the refractive in-
dices indicate that the mixture was separated into two
major components. The fractions were investigated as
follows: Fraction II (0.44 g.) was hydrolyzed in 5 ml. of
959, ethanol with 0.13 ml. of 6 N sodium hydroxide and
1.3 ml. of 309 hydrogen peroxide at 50 ° for eighteen hours.
The product was obtained as an oil from which no crys-
talline material could be isolated. Fraction III was re-
distilled and submitted for microanalysis; b. p. 56° (0.30
mm.), #%D 1.4929. -

Anal. Caled. for CiHyN: C, 81.58; H, 8.90. Found:
C, 81.37; H, 9.08.

The infrared spectrum of this sample was determined.
The absorption characteristics were almost identical with
those of the cis-cyanobutadiene—isoprene adduct (XIV).

Fraction V {0.82 g.) was dissolved in 5 ml. of 959,
ethanol and hydrolyzed with 0.23 ml. of 6 N sodium hy-
droxide and 2.3 ml. of 309, hydrogen peroxide at 50° for
nineteen hours. The oily product was collected in ether,
washed with bicarbonate solution and recovered from the
ether. When this oil was partially distilled #z vacuo, the
residue crystallized. After crystallization from benzene
there was obtained 0.07 g. of solid melting at 108-112°,
Four recrystallizations from petroleum ether (90-100°)
containing a few drops of benzene raised the melting point
to a constant value of 113.5-114.5°.

Anal. Caled. for CpHisNO: C, 72.69;
Found: C, 72.63; H, 9.02.

When mixed with the amide obtained from XIV (m, p.
09-104°) the material melted at 73-88°.

One gram of fraction IX in 10 ml. of 959, ethanol was
treated with 0.27 ml. of 6 N sodium hydroxide and 2.7 ml.
of 309 hydrogen peroxide. The reaction mixture was
kept at 50 ° for twenty-four hours and then was neutralized
and treated with platinum to destroy the excess hydrogen
peroxide, By fractionally evaporating the ethanolic
solution, there were obtained 0.26 g. of amide melting at
107-111° and 0.18 g. of amide melting at 128-144°, The
lower-melting product was recrystallized once from ben-
zene and three times from water; m. p. 115.5-116.5°,

Anal. Caled. for CpHNO: C, 72.69; H, 0.15.
Found: C, 72.77; H, 9.17.

The melting point of this sample was lowered both when
mixed with the amide m. p. 99-104° from XIV and when
mixed with the amide m. p. 113.5-114.5° from the hy-
drolysis of fraction V. When this amide was mixed with
XVII, the material melted at 120-155°. After these
materials were melted together and allowed to solidify,
the melting point was 150-157°,

The higher-melting amide from the hydrolysis of fraction
IX was recrystallized twice from chloroform—petroleum
ether (30-60°), three times from benzene—petroleum ether
(90-100°) and once from benzene; m. p. 158-162.5°.

Anal. Caled. for C,H;;NO: C, 72.69; H, 9.15.
Found: C, 72.66; H, 9.25.

A mixture of this sample with XVII (m. p. 162.5-163.5°)
melted at 160-163°.

Hydrolysis of the cis- and {rans-1-Cyano-1,3-butadi-
enes. cis-fA-Vinylacrylamide.—A solution of 3.89 g. of

H, 9.15.
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pure cis-l1-cyanobutadiene in 20 ml. of 959, ethanol was
treated with 1,96 ml, of 6 N sodium hydroxide and 19.6
ml, of 309, hydrogen peroxide. Oxygen evolution was
immediate and it was necessary to cool the reaction mix-
ture in an ice-bath to keep the vigorous exothermic reac-
tion under control. After the reaction had subsided, the
solution was kept at 50° for three hours and then cooled.
Dilute sulfuric acid was added to neutrality and the mix-
ture was stirred with finely-divided platinum until a nega-
tive peroxide test was obtained, The solution was filtered
and evaporated to a small volume. White crystals sepa-
rated which were collected, washed and dried; m. p. 94—
06°. After standing in the air for two days, a portion of
this material had polymerized. The monomeric amide was
taken up in hot benzene, filtered from the polymer and
crystallized, m. p. 96-97°.

Anal. Caled. for CGGH,NO: C,61.83; H,7.27, Found:
C, 61.88; H, 7.29.

trans-B-Vinylacrylamide,—Pure #rans-cyanobutadiene
was hydrolyzed with alkaline hydrogen peroxide in the
same manner as the css-isomer, From 3.2 g. of the nitrile
there was obtained 1.00 g. (25.8%) of crude amide, m. p.
117-120°. After three crystallizations from benzene, the
white crystals had a constant melting point of 123-124°,
On standing, the material darkened and rapidly formed a
benzene-insoluble polymer.

Anal. Caled. for CH:NO: C, 61.83; H, 7.27; N,
14,42, Found: C, 61.70, 60.85, 60.95; H, 7.27, 7.21,
7.18; N, 13.50.

Summary

The very active diene cyclopentadiene con-
denses with the cis- and frans-l-cyano-1,3-buta-
dienes to give cis- and trans-endo-5-(2,5-endometh-
ylene-3-cyclohexenyl)-acrylonitriles, The some-
what less active diene 2,3-dimethylbutadiene
condenses similarly to give ¢is- and trans-5-(3,4-
dimethyl - 3 - cyclohexenyl) - acrylonitriles. In
these reactions the terminal double bond of the
l-cyano-1,3-butadienes serves as the dienophilic
center. The still less active diene isoprene reacts
to give mixtures; evidently, each of the reagents
functions both as diene and dienophile. The
only pure product which has been isolated from
the reaction of isoprene with cis-1-cyano-1,3-bu-
tadiene is ¢is-B-(4-methyl-3-cyclohexenyl)-acrylo-
nitrile. The corresponding ¢rans-adduct has been
obtained from {rans-1-cyano-1,3-butadiene and
isolated as the amide along with two other adduct
amides for which structures are proposed.

From the course of the reactions of these di-
enes with the cyanodienes, and from the knowl-
edge of the carbon skeleton of the butadiene-
trans-1-cvano-1,3-butadiene adduct, it is con-
cluded that this adduct most probably is formed
by reaction of butadiene as a dienophile with
trans-1-cyano-1,3-butadiene as a diene.
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