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I. Introduction

The weak cyanocarbon acid! malononitrile (1) is a versatile
compound of exceptional reactivity. It is used extensively asa
reactant or reaction intermediate since the methylene group
and either one or both cyano groups can take part in conden-
sation reactions to give a variety of addition products and

(1) Also known as malonic dinitrile, propiodinitrile, cyanoacetic nitrile,
methylene cyanide, and dicyanomethane,
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heterocyclic compounds. This unique reactivity makes 1 an
important chemical in research and in medical, industrial, and
agricultural chemistry.

. Scope of the Review

The chemistry of malononitrile (1), sodiomalononitrile (2),
1,1,3-tricyano-2-amino-1-propene (malononitrile dimer, 3),
malononitrile trimer (4), bromomalononitrile (5), dibromo-
malononitrile (6), dichloromalononitrile(7), difluoromalononi-
trile (8), and aminomalononitrile (9) will be discussed. Owing
to space limitations and the extensive literature on the subject,
the reactions of other substituted malononitriles will not be in-
cluded in this review.

CH:(CN), NaCH(CN), NCCH;C(NH)=C(CN).
1 2 3
NCCH,C(NH;)=C(CN)C(NH;3)=C(CN). BrCH(CN), Br.C(CN),
4 5 6
CLC(CN): F,C(CN), H,NCH(CN):
7 8 9

Considering the current interest in polycyano com-

(2) H, Hart and F, Freeman, J. 4m. Chem. Soc., 85, 1161 (1963).
(3) H. Luther, Arch. Pharm., 287, 361 (1954).

(4) T.L.Cairns, R, A, Carboni, D. D. Coffman, V. A. Engelhardt, R. E,
Heckert, E, L. Little, E. G. McGeer, B. C, McKuswk W. J. Middleton,
R. M. Scrlbner,C W. Theobald, and H. E, meerg,J Am, Chem, Soc.,
80, 2775 (1958).

(5) R. E Merrifield and W. D. Phillips, ibid., 80, 2778 (1958).

(6) W. J. Middleton, R. E. Heckert, E. L. Little, and C, G. Krespan,
ibid., 80, 2783 (1958).

(7) W, J. Middleton and V. A. Engelhardt, ibid., 80, 2788 (1958).

(8) W. J. Middleton, E. L, Little, D. D. Coffman, and V. A, Engel-
hardt, ibid., 80, 2795 (1958).

(9) B. C. McKusick, R. E. Heckert, T, L, Cairns, D, D, Coffman, and
H. F. Mower, ibid., 80, 2806 (1958).

9801)58 N) Sausen, V. A. Engelhardt, and W. J. Middleton, ibid., 80,
8;)58\)N J. Middleton, V. A. Engelhardt, and B. S, Fisher, ibid., 80, 2822
(12) W.J. Middleton and V. A, Engelhardt, ibid., 80, 2829 (1958).

(13) E. L. Little, Jr,, W. J. Middleton, D. D. Coffman, V. A, Engel-
hardt, and G. N. Sausen, ibid., 80, 2832 (1958).

(14)(a) R. A, Carboni, D. D. Coffman, and E, G. Howard, ibid., 80
2838 (1958); (b) E. C. Taylor and K. H. Hartke, ibid., 81, 2452 (1959).
(15) C.E.Looney and J. R, Downing, ibid., 80, 2840 (1958).

(16) H. F. Mower and C. L. Dickenson, ibid., 81, 4011 (1959).

(17) 1. K. Williams, ibid., 81, 4013 (1959).

&s)hY 1C Kim, Ph.D. Thesis, Michigan State University, E. Lansing,
ic

(19) F. Freeman, Ph.D. Thesis, Michigan State University, E. Lansing,
Mich,, 1962,
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pounds,>~1? and the nucleophilicity of the dicyanomethyl -

anion, it is important to extend our discussion to include some
of the useful reactions of 2 in cyanocarbon chemistry. Al-
though alkyl- and arylidenemalononitriles will not be discussed,
several examples of exceptional theoretical and synthetic inter-
est are included. The review covers the literature to the end of
1967.

1l. Methods of Preparation

1 can be prepared in 72-96 % yield by the reaction of cyano-
acetamide and phosphorus oxychloride or phosphorus pen-
tachloride in the presence of inorganic salts.%~22 The reaction

2NCCH,CONH; + POCl; —> 2CH2(1CN)2 -+ H;PO; 4- 3HC1 (1)

NCCH:CONH; + PCl; —> 1 4 POCl; + 2HCI 2

of acetonitrile and cyanogen chloride in a Pyrex tube gives a
near-quantitative yield of 1.24

658°
CH;CN 4+ CNCl —> 1 4+ HCl 3)
1 containing ¥C, YC, or ¥’N has also been prepared, 25 26
IV. Physical Properties

1 is a highly toxic? (LDs, = 18.6 mg/kg) solid with a melting
point of 30-31°, a boiling range of 218-220° (760 mm), a re-
fractive index (n34+2D) of 1.41463, a specific gravity (d3+2,) of
1.0488, and a pK, *® of 11.2. The heat of formation of 1 is 63.5
kcal/mole.?®

The relationship between acid strength and the heat and en-
tropy of ionization of 1 in water has been investigated.?® The
values of AG, AH, and —TAS, in kcal/mole, are 15.28, 13.4,
and 1.9. AS® has a value of —6.4 eu. The w-electron bond
orders and m-electron densities of 1 have been calculated by
the application of a method of self-consistent charges to
LCAO MO calculations.® Spectral studies (vide infra) have
further elucidated the molecular structure of 1.

V. Spectral Properties

The infrared spectra of gaseous, liquid, and solid 1 have been
obtained with complete assignment of the 15 fundamental fre-
quencies and a determination of the force constants and the
thermodynamic functions.3! In solution the nitrile stretching
frequency?3¥ 22 occurs at about 4.40 u.

Jencks and Lienhard?3? reported that 1 shows a low end ab-
sorption in 0.01 M hydrochloric acid, but has maxima at ca.

(20) A. R, Surrey, “Organic Syntheses,” Coll, Vol. III, John Wiley and
Sons, Inc., New York, N. Y., 1944, p 535,

(21) B. B, Corson, R. W, Scott, and C. E. Vose, ref 20, Coll. Vol, II,
1943, p. 379.

(22) M. J. Fahrenbach, U. S. Patent 2,459,128 (1949); Chem. Abstr.,
43,3470 (1949).

(23) Lonza Ltd., French Patent 1,365,202 (1962); Chem. Abstr., 61,
13202 (1964).

83% 1{. K. Dixon, U, S, Patent 2,553,406 (1951); Chem. Abstr., 45,9081
(25) E. Hirota and Y. Morino, Bull. Chem. Soc. Jap., 33, 705 (1960).
(26) L. F. Cavalieri, J. F. Tinker, and A, Bendich, J, Am. Chem, Soc.,
71,533 (1949).

(27) 1, Panov, Khig. Zdraveopazvane, 9, 50 (1966); Chem. Abstr., 65,
11221 (1966).

(28) R.H. Boyd and C.-H. Wang, J. Am. Chem. Soc., 87, 430 (1965).
(29) R. H. Boyd, K. R. Guha, and R, L. Wruthruk, J. Phys. Chem., 71,
2187 (1967).

(30) J. B. Moffat, Can. J. Chem., 42, 1323 (1964).

(31) F. Halverson and R, J. Francel, J, Chem, Phys., 17, 694 (1949).

(32) G. P, Van der Kelen, Bull, Soc. Chim. Belges, 71, 421 (1962).
83)6ng P. Jencks and G. E. Lienhard, J. Am. Chem. Soc., 87, 3863

- Table I
Chemical Shifts of Malononitrile in Various Solvents?” at 20°

Solvent Dielectric constant 6, Hz
Benzene 2.28 85.5
Carbon tetrachloride 2.24 209.2
Chloroform 4.81 215.5
Dioxane 2.21 228.1
Acetonitrile 38.8 226.7
Dimethy! sulfoxide 45 264.4
Acetone 21.4 253.8

Table 11
Molecular Structure of Malononitrile?:4

C—C 1.468=0.034A £CCC  109°22' = 2° 54’
C=N 1.1670.026A /HCH  108°42’ = 1°22'
C—H 1.088=£0.00A ZCCN  180° — (3° 40’ % 2° 54")

(outside)

225 my (e 20,000) in 0.1 M sodium hydroxide, and at 234 my
(¢ 4530) in 0.1 M hydrochloric acid. The ultraviolet absorption
spectra of 1 and its anion in sodium hydroxide, as a function of
pH, have also been reported. 34

The pmr spectrum?® of 1 contains a singlet at 7 6.44. The
13C-H coupling constant is 145 Hz indicating the C-H bond
has approximately 29 % s character, 35 3¢

The effects of various solvents on the chemical shifts of 1
have also been measured® (Table I). Although the dielectric
constant is not necessarily a measure of solvent polarity,3 the
data show that the chemical shift is strongly dependent on sol-
vation and/or the polarity of the solvent; e.g., there is a differ-
ence of 55 Hz between carbon tetrachloride and dimethyl sulf-
oxide. A difference in solvation would be expected since the
lone-pair electrons of dimethyl sulfoxide could be weakly asso-
ciated with the partially positive carbon of 1. This association
introduces a new electric field and magnetic anisotropy due to
the sulfinyl group. At the same time a change in polarization
occurs in the cyano group, and the over-all effect is a low-field
shift of the proton signal.

The solvent shifts in carbon tetrachloride, chloroform, and
dioxane may be caused by weak intermolecular interactions of
the easily polarizable lone-pair electrons of the solvents and 1,
while the large diamagnetic shift in benzene can be the result
of complex formation between solute and solvent molecules.

The malononitrile molecule has a twofold symmetry axis,
and the moment of inertia about this axis is of an intermediate
magnitude. The selection rule allows only the b-type rotational
transitions. The a axis lies on a plane made by the two cyano
groups and the central carbon atom. 253 Microwave
studies?® % of 1 are summarized in Table II.

Assuming a C-H radius of 1.09 A and a C==N radius of
1.15 A, Pritchard and Muller! calculated ZH-C-H = 105°
30’ and £ C-C-C = 113° 39’ from their microwave studies.

14N pure quadrupole resonance frequencies4? for 1 at 77° K

(34) F. Hashimoto, J. Tanaka, and S. Nazakura, J. Mol. Spectry., 10,
401 (1963).

(35) G. P.Van der Kelen and Z. Eckhaut, ibid., 10, 141 (1963).

(36) N.Muller and D, E. Pritchard, J. Chem. Phys., 31, 1471 (1959).

(37) T.Matsuo and Y. Kodera, J, Phys. Chem., 70, 4087 (1966).

(38) E. M. Kosower, J, Am., Chem. Soc., 80,3253 (1958).

(39) P. Trumel, Ann. Chem., 12,93 (1939).

(40) E. H. Hirota, J. Mol. Spectrosc., 1, 242 (1961).

(41) N. Muller and D. E. Pritchard, J. Am. Chem. Soc., 80, 3483 (1958),
(42) P. A, Casabella and P, V, Bray, J. Chem, Phys., 29, 1105 (1958).
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are 3.0154 £ 0.0002 and 2.8670 = 0.0002 Mc/sec, and the 4N
quadrupole coupling constant is 3.9216 = 0,0003 Mc/sec with
an asymmetry parameter of 7.57 7.

The electric moments of 1 at 25 and 75° are 3.56%%4% and
3.61 D.25:3%.44 The calculated molar Kerr constant (mK) of
—27 and —33 X 10~1? differ markedly from the observed
mK of —72 X 1012, This anomaly could be attributed to the
bending of the CCN group,** the large negative exaltation, or
solute-solvent interactions in the benzene solution.

The infrared and Raman spectra of 1, and its deuterium
compounds, CHD(CN), and CDy(CN)., have been mea-
sured. ¢ The normal modes and frequencies of the three com-
pounds were calculated on the basis of the Urey-Bradley force
field, and assignments of vibrational bands were made. A
compilation of the infrared and Raman spectra of 1 and its
deuterated compounds appears in ref 45.

VI. Chemical Reactions

A, DIMERIZATION

A Thorpe-type reaction between two molecules of 1 yields the
dimer 2-amino-1,1,3-tricyanopropene (3). The infrared spec-
trum?¢ shows absorption bands at 2.98 and 2.10 u (-NH,) and
at 4.22, 4.51, and 4.55 u (conjugated —CN), which indicates
that the enamine structure 3 predominates. Pmr also suggests

NH
acid or ]
1 -b—> (NC),HCCCH,CN = (NC),C=C(NH);,CH:CN (4)
886
3a 3

that 3 exists in one of several resonance-stabilized zwitterionic
forms.

CN CN CN CN

Y. 1

¥ +
3a == T-—NHZ -~ C==NH, =
CH,CN CH,CN
3
CN C=N~— = N
N/ A%
C C
|+ .
C=NH, < C=NH,
CH,CN CH.CN

3 can be prepared in several ways: (1) reaction of nitrous oxide
and 2 in absolute alcohol? (a side reaction gives ethyl cyano-
acetate); (2) reaction of 1, agueous alkali, and copper sulfate
(429%);14 (3) acid hydrolysis of the solid formed by treating a
solution of 1 in an inert solvent with sodium (75%);!4 (4)
passage of dry hydrogen chloride through a benzene solution
of 1 (539).%¢ Use of dry hydrogen bromide gives a compound
postulated to be cyano-2,4-diamino-6-bromopyridine (10).1% 14
Since the same product was obtained by using 3 instead of 1,

(43) Y. Urushibara, Bull. Chem. Soc. Jap., 2, 306 (1928).

(44) R. 1. W, Le Ferre, B. J. Orr, and G. L. D, Ritchie, J. Chem. Soc.,
2499 (1965).

5?3)64"{ Fugiyama and T. Shimanouchi, Spectrochim. Acta, 20, 829
(46) F. S. Eberts, Jr.,, G, Slomp, and J. L. Johnson, Arch. Biochem.
Biophys., 95, 305 (1961).

(47) R. Meir, Chem, Ber., 86, 1491 (1953).

(48) J. Decombe and C. Verry, Compt. Rend., 256, 5156 (1963).

the reaction probably proceeds via eq 5. Although the position
of the cyano group was not specified, it is probably located at

1 + NH==CBrCH,CN —> 3a = 3 -
NH,
CN ~#
(5)
Br~” SN“\NH,
10

the 3 position since the hydrochloric acid hydrolysis of 3 gives
4-amino-3-carboxamido-2,6-dihydroxypyridine (11) in 777
yield #* (vide infra).

1. Reactions of Malononitrile Dimer

a. Hydrolysis

Hydrolysis of 3 with concentrated hydrochloric acid gives 11
in 779 yield.4® Presumably, hydrolysis of two nitrile groups
gives the intermediate 12 which cyclizes to 11.

NH,
| 2 NH,
C CONH,
3 + HCl — cﬁ\c——CN — | ~
N/
CONH, CONH, HO OH
12 1 (6)

b. 1,2-Diketones
The methylene group of 3 condenses with one of the carbonyl
groups of acenaphthenequinone to give 1-(1,3,3-tricyano-2-
aminopropene-2-yl)acenaphthen-2-one (13).%

?N
CN
-
o) 0 0. C—C=C
| Son
[ P
s+ (U0 — g
13

c. 2,4-Diketones
2,4-Diketones condense with 3 to give 4,6-disubstituted 1,2-

dihydro-3-cyano-2-dicyanomethylenepyridines (14).5* Sim-
I R, N CN
CH4~—C—CH—C—R, + 3 —> | CN 8
R NN
R, RN
CN
R, = ptolyl: R,=H H
R,=n-butylR,=H 14

R,=methyl;R,=H
R,=ethyl;R,=H
R, =R, =methyl

R1 = C5H5; Rz =H

R, =sec-butyl;R,=H
R, =isobutyl;R,=H
R,=n-amyl;R,=H

ilarly, 2-acetylcyclohexanone gives 3-cyano-2-dicyanomethyl-
ene-4-methyl-1,2,5,6,7,8-hexahydroquinoline (15). It is sur-
prising that none of the corresponding hexahydroisoquinoline

(49) H. Junek and A, Schmidt, Monatsh. Chem., 98, 70 (1967).
(50) H. Junek, H. Hambock, and B. Hornischer, ibid., 98, 315 (1967).
(51) H. Junek, ibid., 95, 1200 (1964).
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was formed since initial attack of the anion could also occur at
the cyclic carbonyl carbon. Also, it is known?3? that alicyclic

CH,
? CN
3+ pJCH h 9
3 N c /CN 6]
) | \CN
H
15

carbonyl carbons frequently undergo addition reactions faster
than acyclic carbonyl carbons. The reaction presumably in-
volves condensation of the active methylene group of 3, a nu-
cleophilic attack of the nitrogen unshared electron pair at the
remaining carbonyl carbon, and loss of water to give 14 or 15.

§

PACN
—Cf NC—ON -
3+ CHCCHCR, — ¢ 7 on THO, 4
Rl—-C /C=C
R, d Ir NCN
0 (10)

2

d. Enamino Ketones

The reaction of 3-amino ketones with 3 gives substituted di-
hydropyridines (16), whereas the corresponding reaction with
N-substituted amino ketones is accompanied by elimination of
the amino group (Table III).t3 The mechanism is similar to the
one for 2,4-diketones. The combined electronegativity of the
nitrile groups in 16 contributes to the driving force for the for-

R
R, CN
RCC=C—NHR, + 3 — |
| ] R,

Ry R

N

NN ay
| NCN

H

16

mation of 18. Loss of the amino group in the final stage is not
without precedent, 5455

3 + R4C(lJ=C—NHR1 — f
R, R |

R,

Ren A~ CN
AN PN
N Nipc(CN)z — 18 (12
|

H
(NHRI
18

(%%)Gﬁ.gg-oa)pworth and R. H, F. Manske, J. Chem. Soc., 2533 (1928);
1 .
(53) H. Junek, Monatsh. Chem., 95, 1473 (1964).

(53218151' R. Snyder and J. H. Brewster, J. 4m., Chem. Soc., 70, 4230
(1 .
(55) D. Taber, J. Becker, and P. E. Spoerri, ibid., 76, 776 (1954).

In contrast to the reaction of 3 and 2-acetylcyclohexanone
which gives the hexahydroquinoline (15), 2-aminomethylene-
cyclohexanone yields the hexahydroisoquinoline (19). The
structure of 19 was deduced from the isoquinoline infrared
band at 6.47 x and the absence of the characteristic quinoline
bands?® at 6.58 and 7.59 u.

0 o
CN
A
CHNH: | 3 — oy @
19

" By varying the reaction conditions one may obtain amides
20 from the reaction of 3 and unsaturated amino ketones.¥
20 is hydrolyzed under acidic conditions to 1,5,6,7-tetrahy-

|
3+ RSC(|3=(I3—NH2 — 16 —
R, R
R,=H;R,=R;=CH,
R, =R, =H; Ry = CeH;

R
R, N CN
l CON (9
R~ N
H CONH,
20

20 + 50%H,S0, — (15)

R,=H;R,=R; =CH; R=CONH,
R1=R2=R4=H;R3=C§H5

An unusual reaction® occurs with 3 and 1-methylamino-3-
phenyl-1-propen-3-one in boiling acetic acid to give 3,3’-
dicyano-4,4'-diphenyl-6,6’-bipyridon-2,2’-yl (22) and 23. The

0
3 + CH;C—CH=CHNHCH, —

AN
+ I _ \CONHZ (16)
N CN
CsH; CsHs CeH,
22 23

structure of 22 was established via infrared, pmr, and mass
spectrometry. Although all the steps in this remarkable trans-
formation have not been elucidated, the mechanism probably
involves condensation of the methylene group of 3, partial
hydrolysis of the nitrile groups, ring closure, and elimination
of the amino group.

(56) M., Coenen and M., Pestemer, Z, Electrochem., 57, 785 (1953).
(57 H. Junek, Monatsh. Chem., 96, 2046 (1965).
83)65[ Junek, H. Sterk, and A. Schmidt, Z, Naturforsch., 21, 1145
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Table Il1
Dihydropyridines from Malononitrile Dimer and 8-Amino Ketones®% 5
R
&Iicx/ o
N C\

R, N

Enamino ketone Exptl conditions

CH;C(—_‘—-O)C(CI‘Is):CHNHz Acetic aCid, heat Rz = H; R; = R;, = CH;
CH;C(=0)CH==CHNH, Pyridine R; = Ry = H; R, = CH,
CQH(,C(':O)CH:CHNHz Pyl'idine Rg =R; = H; R.; = CcHa
CsHaC(=O)CH=C(CHa)NH2 Pyrldme Rz = CHs; R; = H; R4 = CsHs
CHsC(=O)CH=C(CH:)NHz Pyridine Rz = R4 = CHa; Rs =H
CH;C(=0)CH=C(CH;)NHC:H; Acetic acid, heat R; =Ry =CH;;R; = H
CeHsC(=O)CH=C(CH3)NHC5H5 Rz = CH:, R4 = CsHs; R3 =H

[0}

&CHNH,

e. o-Hydroxybenzaldehydes

Substituted o-hydroxybenzaldehydes react® with 3 in the pres-
ence of piperidine to form the corresponding substituted
iminocoumarins 24. The iminocoumarin from o-hydroxybenz-

CHO
OH
+ 3 —
R, R
R=R,=H
R=H;R,=Br
R=0CH;R,=H
CH THZ
R CN
’ Ne—c=c{
| N\CN | T
R
"
N
R, c=cC
N
07 NNH
R
24

aldehyde (R = = H) adds a second mole of 3, via
a Michael-type addition, to give a cyclic imine which is hy-
drolyzed to 25.

NH, O

(NC),C==C NH _CN
HCI C\CN
24 + 3 — [] —_—
R=R;=H
25 (18)

f. o-Nitrobenzaldehyde

o-Nitrobenzaldehyde reacts with 3 to give 2-nitro-a-(1-amino-
2,2-dicyano-B-ethylene)cinnamonitrile (26), in 70% yield,

(59) H. Junek, Monatsh. Chem., 94, 192 (1963).

Piperidine

CN
/CN
C\
NH CN

which is cyclized to 2,4-diamino-3-cyanobenzo[b]-1,8-naph-
thyridine (27) with iron and acetic acid.®

N02
EtOH
p)pendme

C’\I
/CN

C——C-—-C .
bl N/ \NJ'

g. Coumarins

9)

3 adds smoothly to position four of 4-unsubstituted cou-
marins, via a Michael addition, to form 3,4-dihydrocoumarin
derivatives (28).61.82

NH2
CN
l\CCHC < ’
CN
Rz
=CN; R,2 H
=COCH; R,=H R1 HRZ CH,
R1=H; R,=Cl =H; R,= NO,

h. Miscellaneous Reactions

The interesting structural features of 3 have been used in a
variety of unusual chemical transformations.t* Diethyl oxa-
late, sodium ethoxide, and 3 give the highly acidic disodium
dioxopyrrolidine (29). 3 reacts with 2 moles of bromine to give

92—

CO,CH,CH, Ol—/m
3 + | - J\ 2N (21)
CO,CH,CH; 0 N C(CN),

(60) H. Junek, ibid., 94, 890 (1963).
(61) H. Junek, ibid., 95, 235 (1964).
(62) H. Junek, ibid., 93, 684 (1962).
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2-amino-1,1,3-tricyano-3,3-dibromopropene  (30), and the
1
H,0 CN
3 + Br, —> NCCBrC=c{ (22)

“NCN
30
activated methylene group of 3 condenses with p-dimethyl-

aminobenzaldehyde in the presence of an amine to give a
yellow benzylidene dye (31).

CN
CN
CH c—c—c/
“NCN
NH2
(23)
N(CH3)2 N(CH3)2

31

It has been reported that phenylhydrazine or hydrazine hy-
drate reacts with 3 to give 3-amino-4-cyano-5-pyrazoleaceto-
nitriles (32) or 5-amino-4-cyano-3-pyrazoleacetonitrile (33).14
However, subsequent studies have shown that 33 is the cor-
rect structure.l‘

3 + RNHNH, —

NC CH,CN NC CH,CN
|—| or [ (24)
HN SN-NR HN- SN
32 |
R =H,CH; R

B. TRIMERIZATION

It has been reported that treatment of 1 with ammonium hy-
droxide,®® sodium ethoxide,®¢ diethyl oxalate, and either am-
monia or diethylamine gives a trimer of 1.%4 Schenck and
Finken®® suggested three different structures for the trimer and
Anderson, Bell, and Duncan®? suggested structures 4 and 34.

230°

NCCH,C(NH;)==C(CN)C(NH,)==C(CN), —

4
CH,CN

7z
g l (25)

N
Y NN

NH,
34
Junek and Sterk®® showed the reaction product of 1 and am-
monia to be 1,3,5,5-tetracyano-2,4-diaminopenta-2,4-diene
(4) which is converted to 4a, instead of 34, on heating. When

PII NH
Lol N
1+NH3——>439Q»NC\ CN (26)
NH, NH,
4a

5?3)611)) M. W, Anderson, F. Bell, and J. L. Duncan, J. Chem. Soc., 405
(64) H. Junck, Monatsh. Chem., 93, 44 (1962).

(65) R. Schenck and H. Finken, Ann. Chem., 462, 267 (1928),

(66) H. Junek and H. Sterk, Z. Naturforsch., 22, 732 (1967).

sodium ethoxide is used, the reaction proceeds via 3 to the
bicyclic structure 4b. The structures of all products were estab-
lished via infrared, ultraviolet, and mass spectrometry. %

H coN

N

1 + NaOCHCH, — 3 — H\N Q NH,

CN NH  (20)
4b

C. HYDROLYSIS

1 can be hydrolyzed to malonic acid with dilute hydrochloric
acid or with dilute sulfuric acid and mercuric sulfate.” % Hy-
drolysis with alcoholic sulfuric acid gives diethyl malonate and
ethyl cyanoacetate,®® and treatment with sodium hydroxide
and ammonia yields malonoamide.”

D. REDUCTION

In the presence of hydrochloric acid 1 is reduced electrolyti-
cally to 1,3-diaminopropane in 50 77 yield.”*

E. ORTHOESTER FORMATION

Treatment of 1 with equivalent amounts of methanol or eth-
anol, and hydrogen chloride gives the monoimino salts (35) in
94 and 989 yields, respectively.’? These salts are easily meth-
anolyzed to the corresponding orthoesters in 62-65%; yields.

1 + ROH + HCl —> NCCH,C(OR)==NH;*Cl™ ~—>
R = CHj;, CH,CH, 35
NCCH:C(OR); (28)

F. COMPLEX FORMATION

1. Silver Fluoroborate

1 reacts with silver fluoroborate in nitromethane or 1,2-di-
chloroethane to give the stable complex (36) which decom-
poses at 200°.73 36 is also prepared from a suspension of silver
oxide in 1 and boron trifluoride etherate.

1 + AgBF, —> [AgCHy(CN);]BF, (29)
36

2. Phenylmagnesium Bromide

1 does not form an addition product with phenylmagnesium
bromide but gives an insoluble magnesium derivative which
does not react with excess Grignard reagent. However, this
complex may be hydrolyzed to give 1 quantitatively.”*

(67) L. Henry, Compt. Rend., 102, 1396; Beilstein II, 590.

68) G. Travagli, Ann, Univ, Studi. Ferrara, 6, (1947); Chem. Abstr.,
3, 1248 (1949).

(69) L. Spiegel and H, Szydlowsky, Chem. Ber., 51,296 (1918).

(70) K. Takeda and K, Tokuyama, J. Pharm. Soc. Jap., 76, 77 (1956);
Chem. Abstr., 50, 13035 (1956).

(71) M. Ohta, Bull. Chem. Soc. Jap., 17, 485 (1942).

(72) (a) S. M. McElvain and I. P, Schroeder, J. Am. Chem. Soc., 71,
??9%849); (b) S. M. McElvain and R. E. Lyles, Jr., ibid., 72, 384

(73) H. Meerwein, V, Hederich, and K. Wunderlich, Arch. Pharm., 291,
541 (1958).
gg)SSI) L. E. Erickson and M. M. Barrett, J. Am. Chem. Soc., 57, 560
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3. Cuprous Complex

The cuprous complex of 1, [bis(malononitrile)copper chloride],
which is used for dyeing polyacrylonitrile fibers, is prepared
by the reaction of 1, copper sulfate, and hydroxylamine hydro-
chloride.’s

4. Group 1V Halides

1 reacts as a Lewis base with titanium tetrachloride or tetra-
bromide, zirconium tetrachloride, and stannic chloride to give
coordination complexes.’” Analytical results, structural con-
siderations, and infrared spectral data indicate that, depending
on experimental conditions, three types of compounds are ob-
tained: 2TiCl,-L-L, MX,-L-L, and MX,-2L-L where MX,is
a Lewis acid and L-L a bidentate ligand. 2TiCl,- L~L is formed
by halogen bridging between two metal atoms, MX,-L-L’s
are coordination polymers or chelates of variable ring size,
and MX,-2L-L’s are addition compounds where no chelation
takes place because of the mutual interaction of the two ni-
trile groups.

5. Platinum Group Metals Chelates

The chelate formed by the reaction of 1 and a platinum group
metal is used to apply thin corrosion-resistant coatings to other
metals.™

G. SALT FORMATION

1. Sodiomalononitrile

Sodiomalononitrile (2) can be prepared in a variety of
ways.”—81 Although it has been reported’ that an ethereal
solution of 1 reacts with sodium ethoxide to form a mixture
of mono-~ and disodium malononitrile, it is doubtful if sodium
ethoxide in ether is a strong enough base to remove both hy-
drogens from 1. 2 can best be prepared by treating a 509 dis-
persion of sodium hydride in mineral oil with 1 in a dry sol-
vent® or by the reaction of 1 with sodium hydride in dimethyl
sulfoxide.8!

DMSO
14+ NaH ——>2 (30)

2. Reactions of Sodiomalononitrile

a. Alkyl Halides

1, sodium methoxide, and methyl iodide in methyl alcohol
have been reported to give 1-imino-2-methyl-2-cyanopropyl
methyl ether (37).”® Dimethylmalononitrile (30 %) results from
the reaction of 1, sodium ethoxide, and methyl iodide. The

1 4 NaOCH; + CH;I 4 CH;O0H —> CN

2] —> (CHs)r—C|J——C=NH 31

OCH,
37

(75) H. Roth and E. Specht, Melliand Textilber., 39, 281 (1958); Chem.
Abstr., 52, 11427 (1958).

(76) M. Kubota and S. R. Schulze, Inorg. Chem., 3, 853 (1964).
(77) S.C. Jain and R. Rivest, Can.J. Chem., 41, 2130 (1963).

(78) Deutsche Gold and Silver-Scheideanstalt vorm. Roessler, British
Patent 990,174 (1965); Chem. Abstr., 63, 9264 (1965).

(79) B.C. Hesse, J. Am, Chem. Soc., 18, 723 (1896).
(80) A.P.Krapcho and P. S. Huyffler, J. Org. Chem., 28, 2461 (1963).
(81) J. J. Bloomfield, ibid., 26, 4112 (1961).

Table IV
2-Amino-3,5-dicyano-6-alkoxypyridines
R,

CNj\)ICN

HNT N Nor
R R, Yield, % Re
CH, H 63 80
C,H; H 50 80
CH; H 96 13
n-CsH7 H 35 80
i-CH; H 50 80
t-C:H; H 0 80
CH; CN 75 13
i-C;H; CN 31 13
CH, CeHs 85.7 13
CH; Ce¢Hj 93.4 13

intermediates are methylmalononitrile and sodium dicyano-
methanide.?®

2 4+ CH;l —> CHaCI’I(CN)z —
CH,C(CN): + CH,I —> (CH,).C(CN), (32)

A good method for alkylating 1 with methyl iodide, butyl
bromide, benzyl chloride, and isopropyl bromide in 60, 75, 75,
and 609 yields, respectively, has been reported by Bloom-
field.® The success of this reaction is due to the nonnucleophilic
nature of the base sodium hydride, and the ability of the sol-
vent dimethyl sulfoxide to dissolve the reaction intermediates.

b. Cyanocarbon Chemistry

Chloroform and Ethoxymethylenemalononitrile. The reac-
tion of 2 with chloroform and sodium ethoxide in ethyl al-
cohol has been reported?? to give 38 or 39. However, a rein-

CN

1
(NC),C=CHCHCONHCH,CH; - !/;H,0

38
CN

|
(NC),CHCH=CCONHCH.CH, - }/,H,0
39

vestigation has shown that the actual product is 2-amino-3,5-
dicyano-6-ethoxypyridine (40) (Table IV).2¢ The pyridine
system is probably formed by the cyclization of the interme-
diate salt of 1,1,3,3-tetracyanopropene (41).13 Support for this
mechanism arises from the exothermic reaction of 2 and eth-
oxymethylenemalononitrile to give 40. However, when the

CN

_ CN
2 — (NO)C=CHC(CN)Na* 2% I\/( 33)
41 HN-">N"0or
40
R=CH,CH,

reaction temperature is maintained at 0°, 41 is obtained in

2 + (NC);,C=CHOCH:CH; —> 40 4 41 (34)
907, yield. 41 is converted to 40 by reflux in ethyl alcohol in the
presence of concentrated sulfuric acid.!®* A summary of sub-

stituted pyridines prepared by both methods!*® js given in
TableIV.

(82) A, Kotz and W. Zornig, J, Prakt. Chem.,, 182, 425 (1906),
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Table ¥ SCH, (N N oN |
2-Amino-6-haloe-3,5-dicyanopyridines! 2 + Noe— - \C=C—C/ Na* (38)
R -~ N 7 l \CN
SCH, CN CN
CN A CN SCH;
| 42a
HNT N Ny 43a
Yield, R
Salt X R % CN Py CN
Na[(NC),.C=CHC(CN).]' H.O Cl H 90 41 + HX — ' (39)
Na[(NC),C=CHC(CN);]- H:0 Br H 93.5 HN- SN Ny
Na[(NC);C=C(OEt)C(CN)] Cl OEt 77.7 )
[(CHR)NJU(NCHC=C(CH:)C(CN)] Cl  CH; 87.6 Tetracyanoethane and Hexacyanobutadiene. The first percy-
Na[(NC),C=C(N(CH;).)C(CN),] Cl  N(CHj;), 10 anodiene,?29% hexacyanobutadiene (45), was prepared from
[(CH;) N]J[(NC);C=C(CN)C(CN),} Br CN 90 sodium hydride and tetracyanoethane according to Scheme L

Cyanogen Chloride. 1 and cyanogen bromide or chloride in
the presence of sodium ethoxide give cyanoform (tricyano-
methane).3¥-8 When the reaction is carried out with the so-
dium salts of substituted malononitriles, instead of 2, the
products are alkyl- and aryltricyanomethanes.?-8 This route
provides the first general synthesis of compounds containing
the tricyanomethyl group.

RC(CN):Na* 4+ CICN —> RC(CN); (35)

Dicyanoketene Acetals. 2 reacts with dicyanoketene acetals
(42) to give salts of cyanocarbon acids.®$*% The structures of
these anions can be represented by a number of resonance
forms in which the negative charge is on either nitrogen or
carbon. For example? sodium 2-dicyanomethylene-1,1,3,3-
tetracyanopropanediide (43), which is prepared from 42 and 2

0
2 + >C=C —
el
& TOR
42 R
[0y CION)y, |
Se=c 9Na* + 2ROH (36)
N C(CN),
43

equiv of 2, has 27 contributing resonance structures. When 1
equiv of 2 is used, sodium 2-ethoxy-1,1,3,3-tetracyanopro-
penide (44) is formed.® The reaction is also successful with the

CN OCH,CH, |
2 + a2 — | Se=c_ Nat (3D
N C(CN),
44

sulfur analog of 42. For example, dicyanoketene dimethyl thio-
acetal (42a) reacts with 2 to give sodium 2-methylthio-1,1,3,3-
tetracyanopropenide (43a).8:91

The salts of cyanocarbon acids react with hydrogen halides
to yield 2-amino-6-halo-3,5-dicyanopyridiness (Table V; cf.
Table IV).

(83) L. Birckenbach and K, Huttner, Chem. Ber., 62, 153 (1929).

(84) A.Hantzsch and G. Oswald, ibid., 32, 643 (1899).

(85) H. Schmidtmann, ibid., 29, 1168 (1896).

gg)sz.; . K. Williams, U, S, Patent 2,995,597 (1961); Chem. Abstr., 56,423

(87) E. L. Martin and J. K. Williams, U. S. Patent 3,166,583 (1965).
(88) J, K. Williams, E, L. Martin, and W, A. Sheppard, J. Org. Chem.,
31,919 (1966).

(89) W. J. Middleton, U. S. Patent 2,766,246 (1956); Chem. Abstr., 51,
11372 (1957).

(90) W, J. Middleton, U. 8. Patent, 2,766,247 (1956); Chem. Abstr,, 51,
11372 (1957).

(91) H. D. Edwards and J. D, Kendall, U, S. Patent 2,533,233 (1950);
Chem. Abstr., 45,2804 (1951),

Scheme 1
CN CN
N o —CN=
'NC),CHCH(CN), + NaH —» H7C£C< =
cN CN
N oN NI A
N 7 dogEey, N | /7 e
C=C — C—C—C—C =
o ow Lo TN
CN ¢CN(eN ON
ON
QN CIN CN
t—C=C—(G- 2 NO—TRCN
] NC—\CN
CN CN ON
(cis and trans isomers) CN
45

Excess 45 reacts with 2 to give a bright red cyanocarbon anion
believed to be heptacyanopentadienide (46). When 2 is present

CN CN  oN
CN \C
/
NC—PA™CN N Y CN
B+ 2 — ¢ < CN CQG\CN (40)
T /
CN éN CN
46 47

in excess, the product is the yellow cyanocarbon anion 47. It
appears that 47 results from substitution at the 2 position fol-
lowed by a second substitution at the position of lowest elec-
tron density (position 3). The structure of 47 was assigned on
the basis of infrared and visible spectra.??

Tetracyanoethane reacts with 2 and sodium hydride in 1,2-
dimethoxyethane to give a 67 % yield of 1,1,3,3-tetracyano-
propenide, This experiment established that sodium tetra-
cyanoethanide could function as a tricyanoethylene source.%?

CN CN CN CN
N, / +2
H—¢—C- —> c=C
7N /S N\, THCN
CN CN CN CN
CN H CN
N, L/
C=C—C- (39a)
/ N
CN CN

Tricyanovinyl Compounds. Reaction of 1,2,2-tricyano-
vinyl compounds with nucleophilic reagents generally results

(92) O. W, Webster, J, Am, Chem. Soc., 86, 2898 (1964).
(93) Y. Urushibara, Bull. Chem. Soc. Jap., 2, 278 (1927).
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in replacement of the 1-cyano group. 2 reacts with tricyano-
vinyl compounds in ethanolic or inert media to give the cor-
responding 2-substituted 1,1,3,3-tetracyanopropenes (48).10
2 also converts the intermediate 1-alkoxy compounds to tetra-
cyanopropenes.®4
CN CN
2 + R—C=C< — (NC),CHO=C (41)
CN | CN
CN R

48
R = C¢H;, (CH,).NCH,
Substituted Quinodimethans. 1,1,8,8-Tetracyanoquinodi-
methan (TCNQ, 49), one of the few stable quinodimethans,

has been prepared from the condensation product of 1 and
1,4-cyclohexanedione.?® 49 easily accepts one electron to form

O%:>=O+l——>

N N Y _CN
/c=<:>=c\ —— =C c
CN CN e oN CN
49
(42)

the isolable solid anion radical (50), which is the first example
of a quinodimethan anion radical.?®® The complex anion-rad-
ical salts of 50 have the highest electrical conductivities known
for any organic compound.

Because of the unusual stability of 49 and electrical prop-
erties of 50, several alkyl derivatives were prepared for com-

CN CN
50 — >C= -~
N CN
50a
o CN
N
\//C C=C=N <> etc. (43)
¢
W4
N
50b
C{\T /CN
C
R R
+ 1 — + Br pyridine
2
R; R,
0 C
R=CH;R,=H N/
R=n-CH;R,=H ¢ o
R=R,=CH, ON CN
/
\C
R
(44)
R;
o
N
NC  ©N

gggs;l Urushibara and M, Takebayaski, Bull, Chem. Soc. Jap., 11, 557

(95) D.S. Acker and W, R, Hertler, J. Am. Chem. Soc., 84, 3370 (1962).

(96) L. R. Meby, R. J. Harder, W. R, Hertler, W, Mahler, R. E. Ben-
son, and W, E. Mockel, ibid., 84, 3374 (1962).

parison according to eq 44.9 A by-product in the preparation
of methyl-TCNQ is the dimer 51.

N ON
\C/

CH,

C{\I /CN
C
CH,

G
/\ 7N\
NC CN NC CN
51

As expected, the alkyl substituents exerted a normal induc-
tive effect which produced a decrease in the oxidation-reduc-
tion potentials relative to TCNQ. The solid-state properties
of the parent paramagnetic TCNQ anion radical were not
strongly influenced by alkyl substituents.” TCNQ reacts with
1 to give the blue anion 52 while the more conjugated 11,11,-
12,12-tetracyano-2,6-naphthoquinodimethan (TNAP, 53)
gives 6-(tricyanovinyl)-2-naphthyldicyanomethanide (54).%

VC C"' \ N /CN

C\
6 o« Iy
f C

| <
NC—C—CN N |
52 53
ez ™N

NC—C"“C

The mechanism for the formation of 52 probably involves the
addition of the dicyanomethyl anion to 49 to form 55 which
eliminates cyanide ion to give the conjugate acid of 52. 52 can
also be prepared from the reaction of 49 and tetracyanoeth-
ylene (56) in moist dimethylformamide or from the reaction of
49 and 1,1,3,3-tetracyanopropane in dimethylformamide.®

Condensation of 1 with c¢is-2,3,5,8,9,10-hexahydro-1,4-
naphthaquinone yields 1,4-tetracyano-cis-2,3,5,8,9,10-hexa-

CN CN

—CN

CH(CN), + 49 —

(NC),CH—C—(CN),
55

CN CN

— 52 (45)
(NC),CH—C—CN

o7 J. Dlekmann, W. R. Hertler, and R. E. Benson, J, Org, Chem., 28,
2719 (1963).

(98) J. K. Williams, J. Am. Chem. Soc., 84, 3478 (1962).
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Table VI -
able & ONT
1-Amino-1-fluoroalkylethylenes ! 2 4+ CFCN — A= Na® —
R, N HN *CN
0=C
\
m en CFs CN
R Yield, % AESE mu >C=C< (48)
CF, 98 283 N CN
CF,CF; 97 287 62
C%S_ECF 8 CF 87 289 tain a single characteristic absorption maximum which is pre-
N C(NH:)CF, 100 Zgg’l 2;?6 dictably influenced by the nitrile groups.
NCCE(CsHy) 55 285 ’ The reaction can also be extended to 3 which reacts with
’ CF,CN to give the highly substituted butadiene 63.10!
) NH, CN
0 N
CFCN + 3 —» /c==c< N @)
1 + NH,NOAc CF, /C=C\
benzene H.N CN
HOAc 63
0 Although the enamine structure predominates, the 1-amino-
CN CN CN CN 1-perfluoralkylethylenes display none of the basic characteris-
\C/ \C/ tics of the free amino group.! In fact, they are weakly acidic.
62 reacts with sodium hydroxide, in the presence of tetrameth-
ylammonium chloride, to give the hybrid 2-triffuoromethyl-1,-
+ (46) 1,3,3-tetracyanopropenide salt (64), which is formed by the
& (NC).HC CH(CN), 62 4+ NaOH + (CHp),NHCl —
7\ 58
CN CN CIZ CN
57 NC===_===CN | (CHy),N* (50)
hydronaphthaquinodimethan (57) and 58.%° The simple mono- -
addition product is formed when 3-aminopropionic acid is the Cr,
64

catalyst.

Dicyanodisulfonylethylenes. Recently, a new class of tetra-
(negatively substituted)ethylenes, the 1,2-dicyano-1,2-disul-
fonylethylenes, has been prepared. 2 displaces one of the sul-
fonyl groups of the 1,2-dicyano-1,2-disulfonylethylenes (59)
to give the tetrasubstituted propenes (60).® This is similar to

CN SOR
2+ Nomc” |
AT
§0R  ON
59
. CN
SO.R CN CN
N / .+ HC SO.R
Jo==c—c{_|N ]
S (le CN (CHH,N-"SN”\CINH,)
61 )
60

the reaction of 2 with tricyanovinyl compounds. The resulting
tetrasubstituted propenes are strong acids?® and are easily iso-
lated as tetraalkylammonium salis. Treatment of 60 with hy-
drochloric acid gives 2(6)-amino-6(2)-chloro-4,5-dicyano-3-
(4-tolysulfonyl)pyridine (61).

Fluoroalkyl Cyanides. Addition of 2 to the cyano group of
fluoroalkyl cyanides gives 1-amino-~1-fluoroalkylethylenes (62)
in 55-1009%; yields! (Table VI). The enamine structures are
supported by infrared spectra which show resonances for the
amino group as well as the carbon-carbon double bond con-
jugated with the nitrile groups. The ultraviolet spectra con-

(99) S. Chatterjee, J. Chem. Soc., B, 1170 (1967).
(100) E. L. Martin, J. Am. Chem. Soc., 85, 2449 (1963).
(101) A.D. Josey, J. Org. Chem., 29, 707 (1964).

addition of the dicyanomethyl anion to 62, followed by elim-
ination of ammonia. Surprisingly, when 65 is treated with 2,
the product is 64 instead of 66.19! Further study of this trans-

CFB /002CH20H3

N\
/C——C\ + 2 — 64
NH, CN
B (61)
€N CO,CH,CH,
Ne—&  A—CN (CH) N*
CF,
65

formation is necessary to decide which among the many rea-
sonable mechanistic pathways is correct.

¢. Halogen Substitution

The nucleophilic character of 2 is again demonstrated in its
reaction with 1-bromo-4-nitrobenzene, in diglyme at 120°, to
give a 409 yield of the sodium salt of p-nitrophenylmalono-
nitrile (67).1°2 The interesting = acid 3-diaza-6-dicyanometh-

Br CH(CN), \c/

(102) H. D, Hartzler, J. Am, Chem, Soc., 86, 2174 (1964).

1. Ni, Hz
2 HONO

NO,
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ylene-1,4-cyclohexadiene (68) is obtained by diazotizing the
reduction product of 67. 2 displaces chloride in 2-amino-6-
chloro-3,4,5-tricyanopyridine to give the sodium salt 69.13 The

+ 2 —
! CN
CN | N CN CN

R jon-exchange N
l 157 - resin | P

HN7 "N NCEN),Nat HN" N cH(oN),

69
(53)

electron-attracting groups on the aromatic rings facilitate the
substitution reactions.

The dicyanomethyl anion also displaces chloride ion in its
reactions with 9-chloroacridine (70, 96 %), 1-chlorophthalazine
(71, 31.6 %), 2-chloro-3-methylquinoxaline (72), 2-chloroquin-
ozoline (73), and 2-chlorophthalazine (74),%9% in its reaction

Cl
N# ZN @NI
Cl

cl
70 71 72
C 9@
NJ\CI S)\Cl
73 74

with 2-chloropyrimidines.®¥¢ The tautomeric forms of the
products were established via elemental analyses, pmr, and
infrared and ultraviolet spectroscopy. 04

R

s S
Cl/kN/ R,
R=R,=CH,
R=R,=CHy
R R

DMF
—_—

N CN HN"X
54
. )LN/ - \CQ\ o G
{NC),CH R, C< N R

d. Esters

Methyl or ethyl oxalate, ethyl formate, and ethyl cyanoacetate
condense with 1, via its potassium salt, to give the corre-
sponding salts0% in 7689 97 yields. Webster®? has prepared the

(103) Y. Mizuno, K, Adachi, and K. Ikeda, Pharm. Bull. (Tokyo), 2,
225 (1954); Chem. Abstr., 50, 1034 (1956).

(104) O. A. Zagulyaeva and V. P. Mamaev, Izo. Akad. Nauk SSSR, Ser.
Khim., 2087 (1965); Chem. Abstr., 64, 6649 (1966).

(105) R. Schenck, H. Finken, P. Michaelis, and F. Pleuger, Ann. Chem.,
462, 158 (1928).

sodium salt of 75, disodium 1,1,4,4-tetracyanobuta-2,3-dione-
diide, in quantitative yield from 1, sodium hydride, and diethyl
oxalate in 1,2-dimethoxyethane solvent. Ethyl acetoacetate

6]
1+ CHaCHgog—(‘%OCHﬁHa + KOCH,CH;s —>
O OK* K*+*O~ OK+
CH;CHgO"ZL,——é=C(CN)g + (CN)2C=(‘:——1(‘,=C(CN)2 (55
o OK*
1+ CH;CHzO(”ZH + KOCH.CH; —> H(|3=C(CN)2 (56)
o
1+ CH;CHgO(ﬂ:CH2CN + KOCH.CH; —> oK+

|
(CN).C=CCH.CN (57)

and 2 condense to give 76.4¢ Ethyl chloroformate and 1, in the
presence of sodium ethoxide, give sodium dicyanoacetate, 08

2 + CH,CH,0COCH,COCH; —»

[ CN
— m——— er—| —1 /
CH,OH,0—C—CH,— 0=
CH,
76

while sodium trichloroacetate and 2 do not react in refluxing
dimethoxymethane.®

In the presence of a mixture of pyridine and acetic acid,
dimethyl acetylenedicarboxylate condenses with 2 to give the
pyridinium salt 77.29 A possible mechanism involving the dicy-
anomethyl anion may be envisaged as shown in Scheme II.

Scheme 11

CO,CH; CO,CH;,
.

o -
HC o+ ] — NC —
| o CN CO.CH,
CN |

CO,CH,

CN CO,CH;

CN 0
]\
Y CO,CH, “x7
CH,0.C CO,CH,
CN ©O
N CO,CH, | =
CH,0.C CO.CH; N7
77 |
H

(106) F. Arndt, H, Scholz, and E. Frobel, ibid., 521, 95 (1935).
(107) E. Le Goffand R, B. Le Count, J. Org. Chem., 29, 423 (1964).
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Table VII
4,5-Disubstituted 2-Amino-3-cyanofurans®

R, CN
r— o Lk,

Yield,
a-Halo ketone R, R, %
a~Chlorodeoxybenzoin C¢Hj; CeH; 73.6
Ethy! a-chloroacetoacetate CO.CH.CH; CH; e
Ethyl a-chlorobenzoylacetate H CqH; 78.3
Ethyl a-chlorooxaloacetate =~ CO,CH;CH:; CO,CH:CH; 43.6
a-Chloro-a-benzoylacetone =~ COCH; C¢H; .
a~Chlorodibenzoylmethane COC¢H; CeH; 71

e. a-Halo Ketones

2 reacts with a-halo ketones to give 4,5-disubstituted 2-amino-
3-cyanofurans (Table VII).1® The mechanism probably pro-
ceeds via Scheme II1.

Scheme 111

0
|

|
2 + R—C—CH—C—R, —

("’ H
I | —
R—C—C C—CN — R g | ;1:1 —
Iy o
R
0
R ! CN
—
g e

3. Miscellaneous Salts

Calcium dimalononitrile is the product reported from the reac-
tion of 1 and calcium carbide. ®® It has been also reported that
1 forms an addition compound with cyclohexyldimethyl-
amine.11

Silver malonitrile was first prepared® from an ammoniacal
silver nitrate solution of 1. The high reactivity of the silver salt
of 1 is demonstrated in its reactions with ethyl and methyl
iodide. A mixture of silver and 17 reacted with ethyl iodide to
give diethylmalononitrile, ethyl isocyanide, and an amorphous
substance.”™ Similarly, the reaction with methyl iodide gave
dimethylmalononitrile, methyl isocyanide, and polymers.
Consequently, since the silver salt is more reactive than sodio-
malononitrile, 3 is the preferred salt of 1 for chemical reactions.

The potassium salt of 1 has been prepared,® 11! and as ex-
pected, its reactivity is comparable with and similar to 2.

H. YLIDE FORMATION

S,S-Disubstituted sulfonium dicyanomethylides (78) have
been prepared by the condensation of dimethyl sulfoxide with

(108) T. I. Temnikova and Y. A. Sharanin, Zh. Org. Khim., 2, 2018
(1966); Chem. Abstr., 66, 7061 (1967).

(109) K. Packendorff, Chem. Ber., 64,948 (1931).
(110) M, Pestemer and D. Lauerer, Angew, Chem., 72, 612 (1960).

(111) A. D, Josey, C. L. Dickinson, K. C. Dewhurst, and B. C, Mc-
Kusick, J. Org. Chem., 32, 1941 (1967).

Table VIII
S,S-Disubstituted Dicyanomethylides?:2
Ry CN
>S=C<
R, CN

Dipole
moment, Yield,

R R, D % Mp, °C
CH;, CH; 77 100-101
CH; CH; 74 85-86
CH, CH, 7.7 62 29-30

—~(CH;)s 80 94-95
CH; CyoHy; 85 46-47
CH;, CeHj; 70 77-78
CH; CeH; 7.6 75 75-76
CH; CicHy 8.1 74 136-137
CH, CqH; 74 Oil
CH; p-CH;0CeH, 8.0 67 92-93
CH; p-BrC¢H,y 7.0 45 124-125
CHa p'CHaSCeI'L 26 136-137

1 in the presence of hydrogen chloride or thionyl chloride
(d1%), by dehydrobromination of the dimethyl sulfide bro-
momalononitrile adduct (209), and by the reaction of tetra-
cyanoethylene oxide or 2,2-dicyano-3,3-bis(trifluoromethyl)-
ethylene oxide with various sulfides (Table VIII).!!2 The first
two methods are specific for the dimethyl derivative whereas
the third is general. However, the third method was unsuccess-
ful with diphenyli sulfide.

80Cl,

+= B
1 + (CH),80 —— (CH,;,8C(CN),2HCI —

(CH),S0(CN),  (59)
78

B, ®

+

5 + (CHa)gS - (CHg)zSC(CN)QBI'_ (593)
CN CF3 CN CN

; ; ; ; + (CHp.S — 78

(60)

Ylides are frequently unstable intermediates in various elim-
ination and rearrangement reactions. In contrast to other sul-
fonium ylides, the sulfonium dicyanomethylides are unique in
their thermal and chemical stability. This new class of sul-
fonium ylides can be represented by the following structures.

R~ __-CON R+ _~CN
S=C -« —_— -«
R “\CN R~ “NCN
Rgt ¥ == <> ete
R /S C=N" e

CN

Stable sulfur ylides have also been prepared!!® from
1 and sulfoxides by reflux in acetic anhydride for 24 hr, or by

(112) W. J. Middleton, E. L. Buhle, I. G, McNally, Jr., and M. Zanger,
ibid., 30, 2384 (1965).
85%)6)}1 Nozaki, Z. Morita, and K. Kondo, Tetrahedron Letters, 2913
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interaction with triethylamine and phosphorus pentoxide.
This reaction was also unsuccessful with diphenyl sulfide.
+ -
R /S-—O + 1
R =CH; (11%)
R=CH; (15%)

-— 78 (61

Trimethylammonium dicyanomethylide (82) is prepared in
30% over-all yield by the following reactions. !4 The stability
of the ylide is probably due to the delocalization of the free
electron pair on the carbon atom by the two nitrile groups.

(CH3);NCHO + COCl; —> [(CH3),N=CHCI]*Cl- (62)
79

79 + HCN —> (CH;);NCH(CN), (63)
80

80 + p-CH:C:H.SO:;CH; —>

[(CH)sNCH(CN);] *(p-CH{CsH,SO:)~  (64)
81

81 4+ NaOH —> (CHa)aﬁé(CN)g (65)
82

I. HALOGENATION

1 reacts with bromine to give the mono or dibromo derivatives,
with chlorine to give dichloromalononitrile (7), and with
fluorine to give difluoromalononitrile (8). The mono and
diiodo derivatives have not been reported. An attempt to
prepare diiodomalononitrile via the reaction of 6 and sodium
iodide was unsuccessful, 115

1 and bromine give 6 which reacts with 1 to give 5.11%1%7 §
can also be prepared by treating a-aminopropionitrile with
bromine in the presence of a base.!!® By using high bromine

1
1 + Bry —> CBry(CN); ~—> CHBr(CN), (66)
5 6

concentrations, in the absence of initially added acid, Pearson
and Dillon!!® obtained good first-order kinetics with a rate
constant independent of bromine concentration and inversely
proportional to hydrogen ion concentration for the bromi-
nation of 1. The data suggest that the rate of combination of
the anion with bromine is slower than the rate of recom-
bination of the carbanion with a proton.

1. Reactions of Bromomalononitrile

5 is slightly acidic with a K, of <1075, and its pmr?? spectrum
shows a singlet at 7 4.95.

a. Alkenes

5 reacts via a free-radical mechanism with terminal olefins to
yield primarily 1:1 adducts!? (eq 67 and 68).

(114) Z. Arnold, Chem, Ind. (London), 1478 (1960); Collect. Czech.
Chem. Commun., 26, 1113 (1961).

(115) E. Ott and B. Lapman, Chem. Ber., 55, 1255 (1922),

(116) T.Hata, Bull. Chem. Soc. Jap., 37, 547 (1964).

(117) W. Ramberg and S. Wideqvist, Arkiv Kemi, Mineral. Geol., 12A,
No. 22 (1937).

(118) E. I, Du Pont de Nemours & Co., British Patent 935,313 (1963);
Chem. Abstr., 60, 2794 (1964).

8;2)3)R G. Pearson and R. L. Dillon, J. Am. Chem. Soc., 75, 2439

(120) K. Torssel and E. Ruusa, Arkiv Kemi, 23, 479 (1965).

C
CHi(CH,);CH=CH, + 5 ——>

benzene
CH;(CH;);CHBrCH,CH(CN), (67)
36%

C
C¢H;CH=CH, + 5 ?{:JT) CH:BrCH;CH(CN),  (68)
)
617

An interesting reaction occurs!® with 2-methyl-1-nitro-
propene and 5 in aqueous ethanol to give 83 and an
unidentified product of empirical formula CHsN.O; A
possible mechanism for the formation of 83 is shown in eq
69. 83 was transparent in the ultraviolet and visible, and the
pmr spectrum was consistent with the proposed structure.

CN
- CN
NO B~ CH
5 + CHyuo=c = — > —
H CH, H
¥No,
CN
CN
CN H
(CH),CBrcH=C__ > (89)
CN (CHy),CBr CN
|
CN
83

Dicyanocarbene, which can be generated from dicyano-
diazomethane, 2! has been postulated!22 as an intermediate in
the reaction of 5, triethylamine, and tetramethylethylene (84)
which gives 1,1-dicyano-2,2,3,3-tetramethylcyclopropane (85).
Dicyanocarbene could be formed via an « elimination.
However, Boldt and Schulz!?? have demonstrated that the
formation of 85 does not require the intermediacy of dicyano-
carbene since it is also prepared via eq 71.

CH; CH,

<
5 + -5 poeNy] + e=c( —
CH, CH,
84
CNCN
(70)
CH; CH,
CH, CH,
85
I|3r ?H(CN)Z
5 + 84 — CHa——c’—?—CH3 BN s ()
CH, CH,

86

The free-radical addition reaction!2?4 proceeds according to
eq 72, and cyclopropanization occurs according to eq 73.

(121) E. Ciganek, J. Am, Chem. Soc., 87, 652 (1965); 88, 1979 (1966).
(122) 1. S. Swenson and D, J. Renaud, ibid., 87, 1394 (1965).
(123) P. Boldt and L. Schulz, Tetrahedron Letters, 1415 (1966).

83?7)1) Boldt, L. Schulz, and J. Etzemuller, Chem. Ber., 100, 1281
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5 + % CHCN), + 84 —» Table 1X
CH(CN), Tetracyanocyclopropanes ;;a the Wideqvist Reaction
CH,—(—C—CH, —> 86 (72) Rig A—CN
R; CN
CH; CH, CN
ELN C% /CH3 R1 Rz Yleld, % Ref
86 — /C\ —> 85 (73) CH, CH, 70 125
(NOLLR L, —Br CH; CH,CH: 68 125
| CH;, C:H:CH, 39 125
(CH3)2 CH; n-CsHu 30 125
CH; C¢H; 14 125
A number of 3-bromo-1,1-dicyanoalkanes and 1,1-dicyano- H H 68 126
cyclopropanes have been prepared via this route, 124 H CH; 70 125
H CeH; 80 125
R, R, CNCN H Furfuryl 59 125
| H CH;CH, 72 127
R—C—C—R, H CH;CH.CH; 76 127
R, R, H (CHy),CH 73 127
Br CH(CN), R, R, H Cyclopropyl 93 127
H p-CICeH, 84 127
R, R R R ~(CHy)s- 60 127
CH, CH; CH; CH, ~(CHy)s~ 76 127
CH, CH, CH, H ~(CHy)s~ 92 125

CH, CH; H H
nCHy H H H
CH, H H H

b. Carbonyl Compounds

The synthesis of tetracyanocyclopropanes from carbonyl
compounds, iodide ion, and 5 is known as the Wideqvist
reaction.»1%5-1% The reaction probably involves a series of
equilibria such as those shown in Scheme IV.17 The

Scheme IV
R,
5 + O0=0 =
R,
R, OH R, OH
N & S CBr(CN
AN N + CBr(CN),
K, CBr(CN), R, CBrCN),
I
R CN
Se=c{  + HO + B
R, CN
lBrE(CN)2
CN
CN
R, -
RZ + BI'
CN
CN

observation that equimolar amounts of isopropylidene-
malononitrile and 5 in aqueous ethanol gave a high yield of the
tetracyanocyclopropane!# supports the above mechanism,12®

(125) S, Wideqvist, Arkiv Kemi, Mineral. Geol., 20B, No, 4 (1945),

(126) R, M. Scribner, G. N. Sausen, and W. W, Pritchard, J. Org.
Chem., 25, 1440 (1960).

(127) H.Hart and F. Freeman, ibid., 28, 1220, 2063 (1963).

(128) H.Hartand Y. C. Kim, ibid., 31, 2784 (1966).

(129) R.P. Mariella and A, V, Roth, 111, ibid., 22, 1130 (1957).

A summary of preparations of tetracyanocyclopropanes by
the Wideqvist reaction is given in Table IX. Spiro systems are
obtained from cyclic ketones, and several tetracyanocyclopro-
panes derived from ketones have been converted to substi-
tuted cyclopropanetetracarboxylic acids.?1?” Methyl a-naph-
thyl ketone, mesityl oxide, acetol, benzophenone, quinone, and
a-hydroxyacetophenone,  glycidaldehyde,  dicyclopropyl
ketone, cyclodecanone, cyclododecanone, and cyclopen-
tadecanone failed to give tetracyanocyclopropanes, 12512113

c. Alkyl- and Arylidenemalononitriles

A new synthesis of tetracyanocyclopropanes has been reported
by Hart and Kim.!® This cyclopropanization procedure,
which is similar to the Wideqvist reaction, uses alkyl- and
arylidenemalononitriles and 5 in aqueous ethanol at room
temperature. Although the reaction is sensitive to steric
factors, it generally gives tetracyanocyclopropanes in better
yields than the Wideqvist reaction (Table X). It also provides
tetracyanocyclopropanes in some cases where the Wideqvist
reaction fails. However, the following substituted 1,1-dicyano-
ethylenes (87) did not give tetracyanopropanes on reaction
with 5,1%

R N
/c—c\
R, CN
87
R=R,=CH, R=R,=CN

R =CH,, R, = OC,H; R =R, =ethylenedioxy

R=H,R,=0CH;
Cyclopropanization also occurs!® when 5 adds to alkyl-

and arylidenecyanoacetates to give 3,3-dialkyl- and 3-aryl-
2-carbethoxy-1,1,2-tricyanocyclopropanes (88) (Table XI).

(130) G, Westoo, Acta Chem. Scand., 13, 692 (1959).
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Table X
New Synthesis of Tetracyanocyclopropanes!®
CN
R, ON
R, cN
CN
Yield, Yield,
R, R, % Ry R, %
CH,* CH; 86 C¢H,’ CH; 86.6
CH,*° CH,;CH; 91 CeH;’ CH;CH, 17.8
CH;CH,* CH;CH,, 88.5 2-C,)H CH; 54.8
c-C:H; c-C:H; 62  n-CHy° CH; 97.5
—~(CH,),CH(CH;)- 39.3 ~(CHy)u=* 94
—(CHy)s-" 34.8 ~(CHyp)i® 36

s Higher yield than Wideqvist reaction. * Not prepared vie Wide-
qvist procedure. ¢ New compound.

Table X1
3,3-Dialkyl- and
3-Aryl-2-carbethoxy-1,1,2-tricyanocyclopropanes?®
CN
R CN.
R, CN
CO,CH;
Yield, Yield,
R R1 % R Rl %
C,H; C,H; 35.2 H CeHj 76.7
CH; i-C;H; 6.5 H p-HCOC:H, 36.2
CHa ll-CsH'; 37 —(CHz)g— 14.5
CH; CH; 63.7 —(CHy)s~ 97.5
CH;, CH; 73.5
CN
R CN CN
5+ Se=c( — 1? (74)
R, CO.C.H; 1 CN
CO,C;H;
88

Arylidenecyanoacetamides react®® with 5 to give 3-aryl-2-
carboxamido-1,1,2-tricyanocyclopropanes (89). When cyclo-
hexylidenecyanoacetamide (90) is allowed to react with 5, 91
and 92 are formed in 10 and 609 yields, respectively.® The

CN
R\ /CONL R CN
/ \ + 5 —
h CN oN
R =CcH;, p-CIC;H,
oo Pt CONH,
89
_CN s
“\CONH,
90
CN CN
CN CN
+ (75)
CN CN
CONH, N
91 92

formation of 92 is surprising, and possible mechanisms are
shown in eq 76 and 77. In eq 76, 90 adds 5, via a Michael
addition, to give a product which eliminates bromocyano-

CN C\I

e O O
“\CN

(76)

CHCN

CONHZ
CONH,
CHON

H0
%0 - — <:>=o Se oo

acetamide to yield cyclohexylidenemalononitrile, which reacts
with 5 to give 91. Alternately, hydrolysis of 90 affords cyclo-
hexanone which reacts with 5 to yield 91.

The uvnusual reaction of 2,3-benzocyclohexylidenemalono-
nitrile (93) and 5 is noteworthy.!?® In 809 ethanol, cyclo-
propanization occurs in 54 % yield. However, in 959 ethanol
at room temperature or in 859} ethanol at reflux, the product,
6-bromo-2,3-benzocyclohexylidenemalononitrile  (94), is
formed in 40-509] yield. A similar bromination occurs with

CN CN C\I CN
NC CN
0% E1OH @d‘j
CN CN
S5%ELOH
TEwonH

2,3-benzocyclopentylidenemalononitrile (95) to give 5,5-
dibromo-2,3-benzocyclopentylidenemalononitrile (96).127 A
possible mechanism for bromination involves isomerization of
93 by acidic 5 to 97 which is then attacked by a positive
bromine to give 94,

CN CN C{\I /CN
C
Br
95 96
CH(CN),
+ +
93+51'—+H—> LB 94 (80
2, —H* 2, —H*

§7

d. a,8-Unsaturated Carbonyl Compounds

5 undergoes a Michael addition with certain «,8-unsaturated
carbonyl compounds to give hexasubstituted cyclopropanes!?!

(131) G. Westoo, Acta Chem, Scand., 13, 683 (1959).
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Table XII

Hexasubstituted Cyclopropanes from «,8-Unsaturated Carbonyl Compounds!?*

a,B-Unsaturated compound

R

R, R,
R; Ry
R

Ethy! isopropylidenecyanoacetate
Ethyl sec-butylidenecyanoacetate

3-Methyl-4-isopropylidene-2-isoxazolin-5-one

1-Phenyl-3-methyl-4-isopropylidene-2-pyrazolin-5-one

(Table XII). The nucleophilic dicyanobromomethyl anion
attacks the double bond and the resulting carbanion forms a
cyclopropane by SN2-type displacement of the bromide ion.
Attempts to prepare cyclopropanes with the substituents
R1 = Rz = CN, R4 = CN or C02C2H5, and R5 = Re =
COCH ;; were unsuccessful. 131

e. Ethyl Alcohol

5 reacts!® with refluxing ethanol to give 1,1-dicyano-2-
amino-2-ethoxyethane (98). Plausible mechanisms for the
formation of 98 are shown in Scheme V.

Scheme V
5 + BrC(CN), —
Br CHBrCN }|3r
P S . 1. —H* - /BI‘
NC—(—C=NH = NC—(IJ—-C—C\CN
CN \ CN NH,
Br ACHBrCN
NH, CN
No=c” = — (NC),—C—-C—OCH,CH,
CH,CHO0”  NCN -
98 2
f. Bases

5 reacts!’? with potassium hydroxide, ammonia, triethyl-
amine, and morpholine to give bromomalononitrile anion
(100) and pentacyanopropenide anion (99). 1,1-Dimorpholino-
2,2-dicyanoethylene (102), and not 101,133 is also formed in the
reaction with morpholine. These products are explicable in
terms of the reaction shown in Scheme VI. The intermediacy
of 56 was demonstrated by its color reaction with dimethyl-

(132) J. P. Ferris and L. E, Orgel, J. Org. Chem., 30, 2365 (1965);
(133) W. Ruske and E, Ruske, Chem, Ber., 91, 2496 (1958),

R, = R; = CH;; R; = R, = R; = CN; Ry = CO.C:H;
R; = CHj; Ry, = GH;; R = Re = Ry = CN; R =
CO2C2H5
Ry = Ry = CHj; Rs = Ry = CN;
0
0]
Reke= X |
N
CH,
R1 = Rz = CHa;Ra = R4 = CN;
0
\ NC.H;
R-Ri=
CH,
Scheme VI
5 4+ QH- — ~CBr(CN), + HO
100
5 + 100 —
C{ CN
CBr(CN)CH(CN), + >0=c{  + HBr
CN CN
56
CN _
5 —> >C=C—C—CN
CN
CN CN
99

aniline when the reaction mixture of 5 and ammonia was
cooled to —80°.1%2 Also, it is known®® that 56 reacts with
bases to give 99. Under similar reaction conditions, Hart and

o/\ 0
K/N\C=C/CN & /N\)
& N & Y
o -
gst] 102
Kim have noted that 100 does not react with 56 to form hex-
acyanocyclopropane. However, since triethylamine reacts with
56 to form an anion radical34 which is converted by oxygen
to 99, it is not possible to ascertain whether 99 is formed from
the reaction of two tetracyanoethylene molecules or from
condensation of 5 and 56.1%2

The formation of the bromomalononitrile anion (100) in
potassium hydroxide solution is noteworthy.'2? The existence
of 100 was demonstrated when 5 was recovered unchanged on
acidification of the alkaline solution. 100 has been postulated
by Hart and Freeman!? as an intermediate in the synthesis of

tetracyanocyclopropanes via the Wideqvist reaction.

(134) O. W. Webster, W, Mahler, and R. E. Benson, J. 4m. Chem
Soc., 84,3678 (1962).
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Table X111
Monobromo Derivatives from Dibromomalononitrile!!s
Monobromo deriv Yield, 7 Monobromo deriv Yield, 7,

CHBr(CN), 60 NCCHBrCONHCH; 79
CHBr(CONH_). 75 NCCHBrCONHCH,C:Hj; 79
NCCHBrCONH, 57 CH;COCHBrCONHCH; 92
NCCHBrCONC¢H; 59 CH;COCHBrCONHCH,CH; 78
CHBr(CO.C:Hy): 52 CH;COCHBrCOCH; 0
CH;COCHBrCO.C:H; 43 CH;COCHBrCOCH; 0
CHBr(CONHC:H5). 85

g. Hydrogen Iodide

Hydrogen iodide and 5 react to give 1, hydrogen bromide, and
jodine. This reaction has been used to determine the con-
centration of 5,177

2. Reactions of Dibromomalononitrile

Debromination of the potassium bromide complex of 6 with
copper powder in boiling benzene gives tetracyanoethylene
(56) in 62 77 yield. ¢ 135:13¢ Pyrolysis at 325°, in the presence of
copper powder, also gives 56, in quantitative yield. 13

When the pyrolysis is carried out in the presence of cyclo-
hexene, the product is cyclohexylidenemalonitrile.¢ It was
suggested that the pyrolysis proceeded through dicyanocar-
bene to give 7,7-dicyanobicyclo[4.1.0]heptane as the initial
product which rearranged to cyclohexylidenemalononitrile.
However, the alternate free-radical mechanism is greatly
favored as a result of the studies on the free-radical-catalyzed
addition of 6 to alkenes!% (vide infra).

| H
6 — C(CN), + O — d%<g§ —
H

CN

C—CN
O w

6 reacts with 1-alkenes to give 1:1 and 1:2 adducts, 119138139
The reaction proceeds via a free-radical mechanism and is
catalyzed by free-radical initiators and some metal halides.1®
For example, the yields of 1-hexene adduct with copper and
azonitrile initiator are 92 and 97.5%, respectively.1%® The
reaction does not proceed in the absence of initiators. Since
cyclohexylidenemalononitrile is probably formed in an initial
radical chain addition of 6 to the double bond, it is likely that
dicyanocarbene is not an intermediate in the pyrolytic reaction
(eq 81).

6, with a catalytic amount of boron fluoride, is a selective
monobrominating reagent for active methylene compounds
(Table XIII).11 6 can be used to brominate the benzene ring'"’

(135) R. A, Carboni, Org. Syn., 39, 64 (1959).

(136) R. E. Heckert and E. L. Little, Jr., U, S. Patent 2,794,824 (1957);
Chem. Abstr., 51, 16515 (1957).

(137) E. L. Martin, U, S. Patent 3,076,836 (1963); Chem. Abstr., 58,
13802 (1963).

(138) J. R. Roland, E. L. Little, Jr., and H. E. Winberg, J. Org. Chem.,
28, 2809 (1963).

(139) K. Torssell and K, Dahlquist, Acta Chem. Scand., 16, 346 (1962).

with such reactive compounds as aniline, phenol, and
anthracene, 19
Cu

+ 6 —
benzene

CH4(CH,);CH==CH,
CH,(CH,)sCHBrCH,C(CN),CHBrR (82)

R =n-CHj,
Br
CHCl
Q t 6 — CS—CHwN)z (83)
29%
CH/~=CH, + 6 > (BrCHCH,),CCN),  (84)
71%
CH,(CH,);,CH==CH, + 6 -— 12adduct (isomers) (85)
38%

CHCH=CH, + 6 — (CH,CHBrCH),C(CN), (86)

CN NG
87
a1 T 6 i ceny, o

Br
56%

2

BF
2CH(CONH.) + 6 ——!> 2CHBr(CONH.) + 1 (88)
CiH:N(CHyg): + 6 —> p-BrCeHN(CN;), (89)

6 reacts vigorously with iron pentacarbonyl!4! in inert
solvents to give a complicated mixture of unresolved products,
and in ethanol and methanol to give low yields of the ferrous
salts of ethyl dicyanoacetate, Fe[OC(OC,H ;)==C(CN).], and
Fe[OC(OCH 3}=C(CN)}..

Treatment of 6 with cold dilute sodium carbonate gives
dibromocyanoacetamide, 142 which is a by-product in the
bromination of 1. 6 reacts with 2 moles of sodium azide to
give C(N3)(CN), and with 3 moles to yield the bimolecular
cyanazide C.N; or sodioazidomalononitrile. 143

6 reacts with alkali and alkaline earth salts to give complexes
consisting of four molecules of 6 and one molecule of salt.
Products were obtained with NaCl, Nal, NaBr, NaClO;, KI,
and KBr.143 No complex was formed with MgBr, and
CuBr;. 1Y Treatment of 6 or its potassium bromide complex
with 2 moles of potassium cyanide gives potassium tri-
cyanomethanide in excellent yields. 135

Interaction of 6 with excess anhydrous hydrazine in tetra-

(140) K. Torssell, Arkiv Kemi, 23, 537 (1965).

(141) E. Coffey, J. Am. Chem. Soc., 83, 1623 (1961).

(142) E, Ott and H. Finken, Chem. Ber., 58, 1703 (1925),
(143) E. Ott and H. Weissenburger, ibid., 70, 1829 (1937).
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hydrofuran, at —70°, gives carbonyl cyanide hydrazone (103)
in 35-409% yield.14* Oxidation of 103 with lead tetracetate
gives the highly electrophilic diazoalkane dicyanodiazo-
methane (104), in nearly quantitative yield.

6 + 3NH.NH; — (NC),C=NNH, -+ 1 + 2NH,NH;Br- (90)
103

CH:«CN
103 + Pb(OAc); ———> (NC),C=N; (€29
104

Formation of 103 from 6 and hydrazine is surprising in
view of the highly positive character of the bromine atoms.
Methylhydrazine does not give carbonyl cyanide N-methyl-
hydrazone, but methyl hydrazinecarboxylate gives carbonyl
cyanide N-methoxy-carbonylhydrazone in 13 77 yield. 144

3. Reactions of Dichloromalononitrile

The reaction of 1 with aqueous chlorine!15:-14 or aqueous
sodium hypochlorite'¢® gives dichloromalononitrile (7) in
good yield. The rate of substitution of chlorine for the first
hydrogen depends on the rate of proton dissociation from 1

Cha
1 I_i_0> CCI(CN): + C;:N:Cl, 4+ NHCIl 92)
7
74% 8.5% 139,

and the second chlorine enters more rapidly than the first
owing to electronegativity effects.11%14 The infrared spectrum
of 7 shows cyano group absorption at 4.45 u.%

Dichloroacetamide is also prepared from chlorine and 1
under basic conditions. ¥

Salts of tricyanomethane have been prepared!*® from 5§ and
potassium cyanide, from 2 and cyanogen halides, and from
6 and potassium cyanide. The latter method gives the best
yields and purest product.1% If 7 is used in place of 6, the
reaction still proceeds in good yields, 1%

A probable mechanism for tricyanomethanide ion
formation from 7 is shown in Scheme VIL.1® The reaction
probably proceeds via the dicyanocarbene or the tricyanohalo-

Scheme VII
7 + CNT —
CN %\T
CN -
CICN + ~C—CN — o2 & —CN
NCN |
Cl CN
CN CN
NC—C—(Cl 4+ CON~ — CICN + ~C—CN
CN ON

(144) E. Ciganek, J. Org. Chem., 30, 4198 (1965).

(145) W. R, Carpenter and P, Armstrong, ibid., 29, 2772 (1964).

(146) D. H. Rosenblatt and G. H, Broome, ibid., 26, 2116 (1961).
E}ggz))R G. Pearson and J, M. Mills, J. Am. Chem, Soc., 72, 1692
(148) D. H. Rosenblatt and G, H, Broome, U. S, Patent 3,092,661
(1963); Chem. Abstr., 59, 12648 (1963).

(149) E. Cox and A. Fontaine, Bull, Soc. Chim. Fri, 948 (1954).

(150) S. Trofimenko, E. L. Little, Jr., and H. F, Mower, J. Org. Chem.,
27, 433 (1962).

methane since the central carbon atom in 7 is quite sterically
hindered so that an SN2 mechanism is unlikely.

Argentic fluoride reacts with 7 to give 4,4-dichloro-3,3,5,5-
tetrafluoro-1-pyrazoline (105) in addition to the cleavage and
rearrangement products CF,, C:F,, CF;CN, CF;NF, CCIF;,
and CC12F2. 151

The first monoperfluoroalkyl derivative of 1, triftuoro-
methylmalononitrile (106), was reported!!! in 1967, 106 was
prepared in 67 yield by the reaction of argentous fluoride
with 1,1-dichloro-2,2-dicyanoethylene. The intermediate was
demonstrated to be 1,1-difluoro-2,2-dicyanoethylene (107),
which, due to the electrophilicity of the double bond, adds
argentous fluoride to give the silver salt of 106. 106 is a stable,
strong acid and is hydrolyzed to 3,3,3-trifluoropropionic acid
with hydrochioric acid.!!* Its precursor, 1,1-dichloro-2,2-
dicyanoethylene, is conveniently prepared according to
Scheme VIII. 1!

Scheme VIII

PCls

KCH(CN), + HCO,C,H; —> KOCH=C(CN); —>
Cls
ACH=CCN): oo
c1\ /CN
CLCHC(C(CN), E%Y c=C
VAN
cf CN

7 is hydrolyzed to dichlorocyanoacetamide by cold dilute
sodium carbonate solution. 152

4. Reactions of Difluoromalononitrile

Difluoromalononitrile (8) is prepared from 1 with perchloryl
fluoride (CIOF) and sodium alkoxides!®® or by the
dehydration of difluoromalonamide.5¢ 8 shows an infrared
spectrum absorption at 4.43 u (-CN) and a °F resonance at
7 4.53 relative to CF;COOH. 154

8 is readily hydrolyzed to the corresponding acid.154 It
undergoes cyclizations with argentic fluoride under autog-
enous pressure to give hexafluoro-1-pyrazoline (108) (159%),
CF,, C.F¢, and (CF3).NF.154 With chlorine monofluoride, 8
gives 109.1%5 The reaction probably proceeds via the imine
RCF=NCI which adds a second mole of chlorine mono-
fluoride to give 109. In an alternate mechanism, chlorine

CF,—CF,
CQN%N

108

8;2;)1 B. Hynes, B. C. Bishop, and L. A, Bigelow, ibid., 28, 2811

(152) G. 1. 6stling, Ofversicht Finska Vetenskaps Soc. Forkandl,, 57A,
No. 11, 13 (1915); Chem. Abstr., 15, 2829 (1921).

(153) Pennsalt Chemicals Corp., British Patent 865,321 (1961); Chem.
Abstr., 56, 332 (1962).

(154) B. C. Bishop, J. B. Hynes, and L. A. Bigelow, J. Am. Chem. Soc.,
85, 1606 (1963).

(155) J. B. Hynes and T. E. Austin, Inorg. Chem., 5, 438 (1966).
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monofluoride could fluorinate the nitrile carbon of 8 and

P[ Cl
c—n"
F /] N\
N\ F Cl
8 + 2CIF — (93)
INT al
N
N
F Cl
109

yield a nitrene intermediate. However, this pathway was ex-
cluded 15%since no azo compounds of the type RCFo2N=NCF.R
were formed during the reaction.

J. CARBONYL CONDENSATION REACTIONS

1. Alkylidene Bismalononitriles

The reaction of 1 with formaldehyde is unique and may give
one of the following products depending on the reaction
conditions: 2,2-dicyano-1,3-propanediol, ¢ 1,1,3,3-tetra-
cyanopropane, ¥ 2,2 4 4-tetracyano-1,5-pentanediol, % 2,2,4,-

ON ON CN CN
NH NH,
NC—| cN T Ne CN
CN CN
110 o0
CN

HOH.C—C—CH,0H

CN

111
4,6-pentacyanocyclohexanonimine (110),1%® or dimethylol
malononitrile (111), 1%

Acetaldehyde and 1 have been reported to give 1,1,3,3-
tetracyano-2,4-dimethylcyclobutane!é! or 1,1,3,3-tetracyano-
2-methylpropane. 1% Alkylidene bismalononitriles from several
aliphatic aldehydes are shown in Table XIV.

Hart and Freeman!¢? have shown, via pmr, that ethylidene
and propylidene bismalononitriles undergo a facile reverse
Michael equilibrium at room temperature. With methylene
bismalononitrile the equilibrium apparently lies entirely to the
left, 159

RCH[CH(CN).}: === RCH=C(CN); + 1 9%
R = CH,, CH,CH,

Alkylidene bismalononitriles react with bromine to give
tetracyanocyclopropanes which are hydrolyzed to substituted

E}gg)l)H Gilbert, U. S. Patent 2,541,350 (1951); Chem. 4bstr., 45, 5716

(157) O. Diels and B. Conn, Chem. Ber., 56, 2076 (1923),
((llgg)l)H. Gilbert, U, S. Patent 2,541,351 (1951); Chem. Abstr., 45, 5716

(159) J. C. Westfahl and T. L. Gresham, J, Org. Chem., 21, 319 (1956).

(160) A. E. Ardis, S. J. Averill, H, Gilbert, F. F, Miller, R, F. Schmidt,
F. D. Stewart, andH.L. Tru.mbull J. Am. Chem, Soc., 72, 1305 (1950).

(161) O. Diels, H. Gartner, and R. Kaack, Chem. Ber., 55, 3445 (1922).
(162) H. Hart and F. Freeman, Chem. Ind. (London), 332 (1963).
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Table X1V
Alkylidene Bismalononitriles, RCH[CH(CN)]:
R Yield, 7, Ref
H 157
CH, 70 129
CH;CH, 80 129
CH;CH,CH; 80 129
Table XV

Tetracyanocyclopropanes and Itaconic Acids
from Alkylidene Bismalononitriles!2?

CN
R CN
H CN RCH=CHCOOH
CN H:COOH
R Yield, 7, Yield,
H126.163 28 .
CH; €0 2
CH,CH, 90 35
CH,CH,CH, 80 40
CN
CH(CN), R CN
coned HCl
RCH + Br, — Taon
H cN T
CH(CN),
CN
RCH=C—COOH
(%)
CH,COOH
112

itaconic acids (112)1% (Table XV126163) The authors also
reported the synthesis of 3-ethylcyclopropane-1,1,2,2-tetra-
carboxylic acid in 257 yield from the acid hydrolysis of 113.
This is surprising since the cyclopropane ring is very unstable
in acid media and ring rupture generally occurs in strong acid.

COOH
CH,CH, conedHCLa CHz
@7
H COOH
COOH

2. Aryl- and Alkylidenemalononitriles

Aryl- and alkylidenemalononitriles are readily available by the
reaction of aldehydes and ketones with 1 (Table XVI). The
preferred procedures are modifications of the methods of
Cope and Hoyle,** Mowry,'® Schenck and Finken,® and
Corson and Stoughton, 166

5163) F. I. Mikhailos and L. Bogomolova, USSR Patent 168,287
1965); Chem. Abstr., 62, 14508 (1965)

(164) A, C. Cope and K. E. Hoyle, J. Am. Chem, Soc., 63, 733 (1941).
(165) D. T. Mowry, ibid., 67, 1050 (1945),
(166) B. B. Corson and R. W, Stoughton, ibid., 50, 2825 (1928).
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Table XVI
Aryl- and Alkylidenemalononitriles
R CN
N /
C=C
/ AN
R: CN
R R, Yield, 7 Ref R R, Yield, 7, Ref
H C¢H:;CHMe 75 167 H 2,3-ClyCeH, . 168
H p-(Me)NCcH, ces 168 H 3,4-(Me0),CeHj; 100 168, 171
H p-MeCeH, 85 167, 168 H m-HOC:H, 59 168, 171
H p-FCH, 79 165 H p-HOCgH, 77 168, 171
H p-t-BuCeH, 67 165 H p-NCC¢H, ces 171
H p-i-PrCeH, 63 165 H 5-O;N-2-thenyl 93 172
H p-EtC¢H, 60 165 H CeH; 90 166
H 2,5,Me,CeH; 60 165 H 2-Thenyl 97 173, 174
H p-EtOCgH, 78 165 H p-O.NCeH, 80 165
H m-EtCeH, 61 165 H n-C;Hy, 61 165
H 3,5-Et,C:H; 60 165 H a-Naphthyl 90 175
H p-CICsH, 80 165, 169 H p-(Me),NCH,CHCH B 176
H Xenyl 74 165 H 2-O:NC;H,CHCH . 176
H m-MeOC¢H, 90 166 H »-O:NC:H,CH,CHCH e 176
H p-MeOCeH, 93 166, 168 H m-CICeH, 85 169
H 3,4-(OCH;0)C¢H; 96 166 H 0-BrCsH, 95 169
H 0-CICe¢H, 85 166 H m-BrCsH, 81 169
H 3-Me0O-4-HOCH; 85 166 H m-1C¢H, 85 169
H 2-Furyl 100 166, 170 H m-ICe¢H;, 85 169
H p-(Me):N-m-BrC¢Hj; vee 169 H 0-MeC¢H, 51 169
H m-0;NCsH, 90 166, 169 H 2,4,6-Cl;-3-HOCH 70 169
H 3,4,5-Tri-HOC¢H, 100 167 H m-MeCeH, 38 169
H 3,4-Di-HOC:H; e 167 H 2,6-Cl,C¢H; 56 169
H 2,5-(MeQ),CsH; e 177 H p-(2-CIEtS)CgH, v 169
H o-H,NC:H, e 168 H 0-HOCH, N 185
H p-MeCONHCH, - 168 H 5-O,N-2-furyl 53 186
H »-MeCOC¢H, e 168 Me 2-0.NCsH, 80 180
Me Me . 178 Me a-Naphthyl 40 175
Me Et .. 152 i-Pr CeHs 93 181
Me n-Pr 76 164 n-Pr CeH; 70 165
Me +-Bu 81.7 178 Et p-MeOCCHEt 70 175
Me CeH; 61 60, 179 Et Et 85 56, 152
Me p-MeOCeH, 80 180 C¢H; CeH; 68 181
Me CH:CH, 78 175 CeHs p-MeOCH, 80 180
Me CH;C(Me), e 175 CeH; p-O.NCH, 80 180
t-Bu CeH; 88 181 Et CeHs 65 181
CF, CF, . 182 C¢H:CH, C:H:;CH, e 186
H:N CCl; e 182 ~(CHy)s~ 19.3 164, 178
H.N CHCl, e 183 a-Tetralyl 81 165, 181
H.N MeCCl; s 183 Anthronyl 88 187
Cinchoninaldehyde 98 184 2-Phenylcyclohexyl 74 175
1-Methyl -4-piperidone 98 72 Fluorenyl 87 10
Me n-Amyl 60.9 128 Indanonyl e 63
Et n-Bu 78.3 128 ~-CH(Me)CH,CH,CH(Me)- 64.5 128
i-Pr i-Pr 41.5 128 -(CH.):.CH(Me)- 71.6 128
i-Bu i-Bu 55.7 128 H o-H,NCgH, 30 9
C-CaHs C-CaHs 17.7 128 H p-(CsH5CH2)2NC3H4 86 9
—~(CHy)+— 22.1 128 H p-(NCCH,CH,, -Et)NC¢H, 79 9
—(CHy)s— 74.8 128 H p-HNCeH, 78 9
—(CHy)s— 89.2 128 - H p-AcHNCH, 67 9
—~CHz)u~ ves 128 H 4-Et;N-2-CIC¢H, 89 9
—(CHa)14~ cee 128

Space limitation requires Table XVI to be general
rather than exhaustive. However, the four most useful and
general procedures are represented.®5164-186 More esoteric
aryl- and alkylidenemalononitriles, e.g., heterocyclic, methine
dye intermediates, bicyclic, etc., are included in references 10,
56, 73, 129, 168, and 188-199.

a. Kinetics and Mechanisms of
Arylidenemalononitrile Formation
The kinetics of the reaction of 1 and aromatic aldehydes in
water were measured spectrophotometrically.?®® The reac-
tions were first order in 1 and zero in aldehyde (k:, very
slow) with a p of 0.55. The activation energies for benz-
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aldehyde, p-methoxy-, and p-nitrobenzaldehydes were 7.2,
9.6, and 5.4 kcal/mole, respectively. The rate-determining step

k1
1 === ~“CH(CN), -+ H+ 98)
ka
R o
AN fez |
CH(CN); + /c=o f—t> RR,;CCH(CN), 99)
a8
R,
o R CN
| N. /
RR,CCH(CN), c=C (100)

(severe;llssteps) R1/ \ CN

is ionization of the carbon-hydrogen bond in 1. Rates were
retarded by hydrogen chloride and enhanced by lithium
chloride and ethanol which is characteristic of a unimolecular
reaction.

The Kkinetics were also studied in 959 ethanol.?! The
reaction is second order (eq 98 fast and eq 99 slow), reversible,
catalyzed by bases, inhibited by acids, accelerated by salts,
and has a p of 4-1.45. The activation energies for benzaldehyde
and p-nitro-, p-chloro-, p-methoxy-, and p-hydroxybenz-

(167) K. W, Rosenmund and T. Boehm, Ann, Chem., 437, 125 (1924),
(168) L. Horner and K. Kluppel, ibid., 591, 69 (1955).

(169) H. G. Sturz and C. R. Noller, J. Am. Chem. Soc., 71, 2949 (1949),
(170) T. Boehm and M. Grohnwald, 4rch. Pharm., 274, 318 (1936).
(171) H. Kauffmann, Chem. Ber., 52, 1422 (1919).

8;?2)]- M. Patrick, Jr., and W. S. Emerson, J., 4m. Chem. Soc., 74,1356
8;2)9)“/ S. Emerson and T. M. Patrick, Jr., J. Org. Chem., 14, 790
(174) W, S, Emerson and T. M, Patrick, Jr., U. S. Patent 2,572,709
(1951); Chem. Abstr., 46, 6157 (1952),

(175) E.Campaigne, D. R. Maulding, and W. L, Roelofs, J. Org. Chem.,
29, 1543 (1964).

(176) E. Hertel and K, A. Hoffman, Z. Phys. Chem., 50B, 382 (1941).
(177) H. Kauffmann, Chem. Ber., 49, 1324 (1916).

(178) F.S. Prout, J. Org, Chem., 18,928 (1953).

(179) D. T. Mowry, U, S. Patent 2,458,017 (1949); Chem, Abstr., 43,
3461 (1949).

(180) J. P. Almange and R. Carrie, Compt, Rend., 257, 1781 (1963).

(181) E. Campaigne, G, F. Bulbenko, W, E. Kreighbaum, and D. R.
Maulding, J. Org. Chem., 27, 4428 (1962).

(182) W.J. Middleton, zbld 30, 1402 (1963).

(183) M., Coenen, German Patent 1,063,149 (1959); Chem. Abstr., 55,
11308 (1961).

(184) A. P. Phillips, J. Am. Chem. Soc., 70, 452 (1948).

(185) W. Baker and C, S, Howes, J. Chem. Soc., 119 (1953),

(186) T. Sasaki, Bull, Chem. Soc. Jap., 27,395 (1954).

(187) H. Takimoto and L. Krbechek, J. Org. Chem., 27, 4688 (1962).
(188) J. B. Dickey and G. J. Taylor, U, S. Patent 2,583,551 (1952);
Chem. Abstr., 46, 5470 (1952).

(189) A.Dornow and E. Schleese, Chem. Ber., 91, 1830 (1958).

(190) H. D, Edwards, F. P. Doyle, and S. J. Palling, U, S. Patent
2,721,799 (1955); Chem. Abstr., 50, 1505 (1956).

(191) A. C. Cope, E. G. Foster, and F. Daniels, J. Am. Chem. Soc.,
69, 1893 (1947).

(192) D. J. Fry and B. A. Lea, British Patent 728,078 (1955); U. S.
Patent 2,715,623 (1955); Chem. Abstr., 50, 715 (1956 )

(193) E. M, Gal, F.-H. Fung, and D. M. Greenberg, Cancer Res., 12,
565 (1952) 13, 326 (1953).

(194) B. F. Goodrich Co., British Patent 795,107 (1958); Chem. Abstr.,
53, 1258 (1959).

(195) S.D. Gupteand S. V. Sumhankar, J. Org. Chem., 24, 1334 (1959).
(196) M. W. Krell and F. E. Johnson, U. S. Patent 2,798,090 (1957);
Chem. Abstr., 52, 1230 (1958)

(197) W. J. Middleton, U. S. Patent 2,726,249 (1955); Chem, Abstr.,
50, 10775 (1956).

(198) (a) H. V. Freyberg and H, Koch, U, S, Patent 2,385,747 (1945);
Chem. Abstr., 40, 2644 (1946); (b) A, Schonne, E. Braye, andA Bruy-
lants, Bull. Soc. Clnm Belges, 62 155 (1953).

(199) R, Legrand, ibid., 53, 166 (1944).

(200) S, Pataiand Y. Israeli, J. Chem. Soc., 2020 (1960).

(201) S. Patai and Y, Israeli, ibid., 2025 (1960).

aldehyde were 6.4, 4.8, 6.1, 7.55, and 7.8 kcal/mole, respec-
tively.

The kinetics of the reverse reaction, hydrolysis of aryli-
denemalononitriles to 1 and aldehydes, have also been
studied. 202

b. Aryl- and Alkylidenemalononitriles from Imines

Table XVII contains a number of aryl- and alkylidenemalo-
nitriles prepared from ketimines,?? The diarylketimines are
generally more reactive than the corresponding ketones,
and the hydrochloride and oxalate salts of diphenylketimine
give benzophenone rather than benzhydrylidenemalononitrile.

¢. Arylidenemalononitriles from
Quinolinium Compounds

Sodium ethoxide and 1 react with 1-methylquinolinium iodide
(114) or 1-methyl-4-chloroquinolinium iodide (115) and 1,2-
dimethylquinolinium iodide to give 1-methyl-4-(«,-dicyano-
methylene)-1,4-dihydrogquinoline (109) and 1,2-dimethyl-4-
(a,a-dicyanomethylene)-1,4-dihydroquinoline (116) (34%).%¢
The reaction with 114 proceeds via condensation and dehydro-
genation, whereas the reaction with 115 involves another
example of a displacement by the dicyanomethyl anion.

7 i N
-+ —_—
A T
|
CH,
114
R=H, CH,
N CN
\./
! cl
b R
Iz ~— g t 1 @
| I
=
116 15
R=H,CH, R=H

d. Exceptional Cases

Perfluoro Carbonyl Compounds. 1 reacts with hexafluoro-
acetone in the presence of zinc chloride to yield the unstable
alcohol 117 which can be dehydrated to 1,1-dicyano-2,2-
bis(trifluoromethyl)ethylene (118). 182 Hexafluorocyclo-
butanone gives dicyanomethylenehexafluorocyclobutane (119)
via the same procedure. 118 is of special interest because it is

CN ?Fs
CF,—C—CF, + 1 — H—C—(—0H -2
CN CF,
117
R\ FFs
L= e (102)
CN CF;
118

(202) S. Patai and Z. Rappoport, ibid., 392 (1962).
(203) G. Charles, Bull. Soc. Chim. Fr., 1559 (1963).
ggg;)N J. Leonard and R. L. Foster, J. Am. Chem. Soc., 74, 2110
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Table XVl
Aryl- and Alkylidenemalononitriles from Ketimines2?

Ketimine Aryl- and Alkylidenemalononitrile Yield, 7,
p-MeOCH.CH=NBu P-MeOCH CH=C(CN), 96.3
CH;CH(N=CHCH;), CH;CH=C(CN), 82.5
CH;OCH(N=CH—C,H;0), CH,OCH=C(CN), N
(CeH;).C=NH (CeH;):C=C(CN). 100
9-Iminofluorene 9-Fluorenylidenemalononitrile 100
CHsCHz(CoHs)C=NBu CHaCHz(CsH,,)C=C(CN)2 45
CH;(Me;C)C=NBu CeH:(Me;C)C=C(CN), 53
CHy(p-MeCeH,)C==NH Ce¢H:(p-MeCH)C=C(CN), 100
(p-Me;NCe¢H ,),C=NH (p-Me,NCeH »),C=C(CN): 100
(CeH):C=CHC(=NH)CH; (CeH):C=CHC(CH5)=C(CN), 100
CeH:(m-CICsH ) C=NH CeH;(m-CICH )C=C(CN). 90
(p-MeOCeH,);:C=NC¢H; (p-MeOCgH 4);,C=C(CN). 100
(CcHs)z%NCHzCHzOH (C3H5)20=C(CN)2 73
(CeH):C=NC¢Hj5 (CeH;).C=C(CN), e
(CH;CHy)CH;C=NH (CH;CH,)C¢H;C=C(CN), 65

Table XVIII
Preparation of Certain Fulvenes
Fulvene Ref
CN\ /CN
¢ R=R =R, =R;=H 206, 209, 210
R R R=R =OH;R, =R, =H 211
R = R], = OH; Rz = H; R3 = i-C3H1 212
R R = R1 = OH; Ra = H; Rz = i-CaH'l 212
1 R
N /N
¢ R=R =R;=H 213
R =R;=NO;; Ry =H 214
R %, R = R; = Ry = NO; 215
R
CN__ _ON
~N
¢ R = R; = CH; 208
R = R; == n-C3H7 216
R R,

electron deficient owing to the four electronegative groups and
is highly polarizable since the geminal cyano groups could
stabilize a negative charge at only one end of the » bond in a
transition state involving charge separation. 132

C(CN),
Fz—-(ll/
CFQ— CF 2
119

Fulvenes. Theoretical interests concerning the double-bond
character and aromaticity of fulvene ring systems have
attracted the attention of physical chemists as well as organic
chemists. 2% 1 reacts with tropylium systems?°® to give hepta-
fulvenes, (120), with the cyclopropenium?°7.208 systems to
give triafulvenes (121), and with the fluorenylidene systems to
give substituted fulvenes (122) (Table XVIII208 208 209—216)

(205) E. D, Bergmann, Chem. Rev., 68, 41 (1968).

(206) T. Nozoe, T. Mukai, K. Osaka, and N, Shishido, Bull. Chem.
Soc, Jap., 34, 1384 (1961).

(207) S.J. Andreades, J, Am. Chem. Soc., 87,3941 (1965).
(208) E. D. Bergmann and I, Agranat, ibid., 86, 3587 (1964).

120 is also prepared from 1 and tropylium bromide (Scheme
IX),206 orland ethoxytropylium fluoroborate (123), 209

A 0-0

122a,R=R,;= Rz
b,R=R,=R; =
¢, R=H;R=R,=

120
AO,
NO.

(209) K. Hafner, H. W, Riedel, and M, Danielisz, Angew. Chem,
Intern, Ed. Engl., 2, 215 (1963).

(210) Y. Kitahara and K. Doi, Japanese Patent 13,071 (1962); Chem.
Abstr., 59,9914 (1963).

(211) Y. Katahara, K. Doi, and T. Kado, Bull, Soc. Chem. Jap., 37,
1747 (1964).

(212) Y. Kitahara, K. Doi, and T. Kado, ibid., 37, 1750 (1964).
(213) N. Latif and N, Mishriky, Can. J. Chem., 44, 1271 (1966).
(214) T. K. Mukherjee, J, Phys, Chem., 70, 3848 (1966).

gég)S)T K. Mukherjee and L. A. Levasseur, J. Org. Chem., 30, 644
(216) A S. Kende and P. T, Izzo, J. Am. Chem. Soc., 86, 3587 (1964).
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Scheme IX
~@- -0 - Ho

CH(CN),
CHCl; A

\\f"z
120
ocsz 1 — 120 (103)
BF4—
123

The first fully aliphatic triafulvene (124) has been prepared

by Kende and Izzo.21¢
N CN
A%

CHQCHchz _'A—CHchZCH;;

124

Another preparation of «-(9-fluorenylidene)malononitrile
(122a), which first involves hydrolysis of a ketal, has been
reported. 213

L)
Cl 0 1-butanol
Cl O . + 1 reflux
LW
Cl
Cl OH
122a + Cl OH (104)
Cl

9-Dicyanomethylene-2,4,7-trinitrofluorene  (122b) is ob-
tained in 939 yield from 1 and 2,4,7-trinitrofluorenone.?!s
122b is of interest because of its ability to form charge-
transfer complexes and stable anion-radical salts of lithium
and triethylammonium ions.

The phenomenon of photoconduction of the four dinitro
isomers of fluorenmalononitrile and 2,4,5,7-tetranitrofluoren-
A*.malononitrile has been investigated.?!* Although the
experimental conditions were not very reliable, it was found
that 2,7-dinitrofluoren-A**-malononitrile (122¢) had the
highest photoconductivity.

Dipole measurements?? of 120 and 121 showed their
pseudoaromatic character (Table XIX%%218), Tt is clear from
the table that each of the highly strained molecules receives
extra stabilization from the electron-withdrawing exocyclic
substituents which produce appreciable positive character
in the alicyclic ring. The contribution of the classical dipolar
structures to the ground state has also been demonstrated
via infrared and ultraviolet spectroscopy. 208

(217) H. Weiler-Feilchenfeld, I. Agranat, and E. D. Bergmann, Trans.
Faraday Soc., 62, 2084 (1966).

(218) M. Yamakawa, H. Watnabe, T, Mukali, T. Nozoe, and M. Kubo,
J. Am, Chem. Soc., 82, 5665 (1960).

Table XIX

Dipole Moments of Substituted Fulvenes and
Some Cycloalkylidenemalononitriles

Compound Dipole moment, D Ref
CeH;
CN
Z 7.9 +0.1 208
CN
CgHs
/CN
C>=c\ 5.45 & 0.02 208
CN
N
o 5.85 £ 0,05 208
e/ oy
CN
©=c/ 7.49 218
NeN
B o 5.53 = 0.07 208
ol
cw C\‘ CN CN
\—/
120a
C\I N CN N
N
T
CeHs—A‘ CeH, A C.H,
121a

It is of interest that the piperidine-catalyzed reaction of 1,
tropone, or 2-phenyltropone gives 1-oxoazulan-2-imine
derivatives (125) in excellent yields,?!? via the following mech-
anism. The structures of the products were established by
elemental analyses, chemical reactivity, and ultraviolet and
pmr spectroscopy. 21?

o _, OH .

CH(CN),
R= H, CGHS

CN NH,
Q;f % lj l_/_:[ " o)
\CN

Trz'cyanovznylammes. One route to trlcyanovmylarylamines
involves the condensation of an aminobenzaldehyde
with 1, followed by addition of hydrogen cyanide to the
product and oxidation.® Many of the 4-tricyanovinylaryl-
amines give brilliant red dyes on hydrophobic fibers. These

819))T Nozoe, T. Mukai, and T. Suzuki, Bull, Chem, Soc. Jap., 36, 38
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dyes generally are wash-fast, sublimation-fast, and light-fast.
Over 50 of these compounds have been prepared. Alterna-

CN
~
H—C=C
: N\CN
1. NaCN
———
2. HOAc
N(CH,), N(CH,),
_CN
CH(CN)CH(CN), NC—C=(
NoN
| N NBS N
P — i _ (106)
N(CH,), N(CH,),

tively, 1 condenses with acyl cyanides, in the presence
of piperidine-acetic acid, 8-alanine—acetic acid, or piperidine—~
acetic acid catalyst, to give the tricyanovinyl structure in one
step. 220

N ON
R—C—eN + 1 — e=c{ 107
g ON
R= p'M€OCsH4, CeHss
CHO, t-Bu

e. Aryl- and Alkylidenemalononitrile Dimers

The preparation of «,3-unsaturated dinitriles is generally
accompanied by dimerization of the initially formed
dinitrile.??! The formation of this dimeric product has
previously led to confusion about the structures of the
dinitriles. An example of this dimerization, and a probable
mechanism, is shown with isopropylidenemalononitrile. 222
Spectral evidence shows that the dimer exists predominantly as
the aminocyclohexadiene 126, which is in equilibrium with its
tautomer 127.

N
C@ . /CN base 6H —C—C/C (CH),C=C(CN),
Cﬁ C—C\ CN 2 ’_~ \C N Michael addition
s CH,
i
CN
e Thorpe
(NC),C==C—CH,;— (Il C\CN cyclization
CH, CH,
CH, CH,
CN CN
CHj g = CH Ng, (108
CH, CH, .
CN CN CN CN
127 126
The dimers of 2-butylidene-, 3-pentylidene-, cyclo-

hexylidene-, cyclopentylidene-,'® and ethylidenemalononitriles
have been prepared*® from 1 and carbonyl compounds or by
dimerization of the respective alkylidenemalononitriles,

(220) T. Sato, J. Org. Chem., 24,963 (1959).
(221) (a) M. R. S, Weir, K. E, Helmer, and J. B. Hyne, Can, J, Chem.,
41, 1042 (1963); (b) M., R, S. Weir and J. B. Hyne, lbtd 43,772 (1965)

(222) J. K. Williams, J. Org. Chem., 28, 1054 (1963).

The base used in the base-catalyzed condensation has a
marked influence on the reaction products. For example,
benzalmalononitrile (131) reacts in ethanolic potassium
hydroxide to give 2-amino-6-ethoxy-3,5-dicyano-4-phenyl-
pyridine (128). A postulated mechanism?2? involves a reverse
aldol cleavage of the dinitrile to benzaldehyde and dicyano-
methyl anion, followed by an nucleophilic attack on the 3
carbon of a second dinitrile molecule by the dicyanomethyl
anion, and subsequent ring closure (Scheme X). Support is
given for this mechanism from the formation of pyridines by

Scheme X
C.H; CN
\c—c/ + KOH — CH,CHO + CH(CN)K'
VAN v 2
H CN
131
131 + CH(CN), —
CH(CN), CH(CN),
CH,CH—C(CN), < CgH;CH
C=C=N"K*
EtOH CN
C.H; CsHs
\ N ZN
NH,
128

refluxing 1,1,3,3-tetracyanopropenes with concentrated sul-
furic acid and by refluxing ethoxymethylenemalononitrile and
2 in an alcoholic medium. 13

In contrast to its behavior in ethanolic potassium hydroxide
solution, benzalmalononitrile on treatment with n-butylamine
in ethanolic solution gives two crystalline products, 129 and
130.221 Again, the initial steps seem to be the same as
described above for the reaction in ethanolic potassium

CN
CH; CeHs
NC CN
CN
NH,
129 130

hydroxide. Subsequent steps to the formation of 129 and 130
are shown in Schemes XI and XII.

Dark polymeric products are obtained from the attempted
base-catalyzed condensations of $-ethylbenzalmalononitrile,
B-naphthylmethylenemalononitrile, and B-phenylbenzal-
malononitrile,

An unusual reaction occurs with the extremely sensitive-
ethylidenemalononitrile to give 133 wvia the mechanism
postulated in Scheme XTIII.223 In contrast to the reaction with
isopropylidenemalononitrile where a proton is removed
from a methyl group, attack by the dicyanomethyl anion
occurs at the 8 carbon which is partially positive due to the
electron-attracting ability of the two cyano groups.

(223) M. R.S. Weir and J. B. Hyne, Can.J. Chem., 42, 1440 (1964),
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Scheme XI
CN

131 —> NC—C—CHCHCN —

CN
CN H
N/ z
o= - HC—CHCH(CN), —
H Gl CN CH,
)Ci{s oHs
_ C—(CN), NC CN
NC—eH 3 — (H)Z‘——-»m
CsHs—C\(IJ H/CEC,N CeH; N
N CN
Scheme XII
CH; CN?GHE‘
(NC)—CHCH—C~SSc—eN
132 + 131 — [ —
~— 130
Scheme XII!
CH;
CH; CN _
C=C — (NC),C—CHCH(CN), —
7N
H CN
CH,
l CH,
/CH\
(NC)Z»_(f %—(CN)Z . NC (CN),
CH;—C~ _C==N HN CH;
| CH oyt
CH,
NC (CN),
HN CH,
(CN),

133

3. Hydroxy Aldehydes and
Hydroxy Ketones

Salicylaldehyde, 5-chlorosalicylaldehyde, and 2,4-dihydroxy-
benzaldehyde condense with 1, in the presence of piperidine,
to give intermediate arylidenemalononitriles which are
hydrolyzed to the corresponding coumarin-3-carboxylic
acids (134) in 100, 100, and 859 yields, respectively.22¢ 2-
Hydroxyacetophenone gives 3-carboxy-4-methylcoumarin in
449 vyield under the same conditions.22¢ Schiemenz?225
reported that under milder conditions, 1 and salicylaldehyde
give 3-coumarinimidenecarboxamide with pyridine catalyst.
The importance of the nature of the base is demonstrated®? in
the variety of products obtained from different bases (Scheme
XIV). Each reaction involves a Knoevenagel condensation
followed by cyclization to the coumarin ring structure.

1
C—R R (")
OH —
+ 1 1. base R, N~ C—0H
"
R, 2. B0 R, 0 0
R 134 (109)
R=R,=R,=H
R=R,=H;R,=Cl

R=R,=H;R,=OH
R=CH;R,=R,=H

a-Hydroxy ketones react with 1 in the presence of base, at
room temperature, to give 2-amino-3-cyanofurans (135).
The reaction involves an initial Knoevenagel condensation
followed by cyclization to the furan ring. 226

Scheme XIV
CH, NH, CHs
~ C|=C/CN d\ICN
[ Io ENH NeN o NH
(ITHs NaOEt
V}yridine =0 %.\'aoz: lHCl

ROH N\ OH _ | CH,

ROH
A)ﬂ'idine 0] 0

cH, NH: o

C=c""
\ /CN\CN
0 NN

Previously, it has been erroneously reported that the con-
densation of benzoin and 1 gave 136.%2 The structures of the
products (135) were established via spectral analyses and
chemical reactivity (eq 111).226

4. Dicarbonyl Compounds

1 and 24-pentanedione give 4,6-dimethyl-3-cyano-2-hy-
droxypyridine (137) via the mechanism in eq 11222228 1.

(224) L.L. Woods and J. Sapp, J. Org. Chem., 30, 312 (1965),
(225) G. P. Schiemenz, Chem. Ber., 95, 483 (1962),

(226) K. Gewald, ibid., 99, 1002 (1966).

(227) C. Basu, J. Indian Chem. Soc., 7, 815 (1930).

(228) A.Dornow and E. Neuse, Arch, Pharm., 288, 174 (1955).
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0 OH
R—C—CHR, + 1

Et,N R CN
i R—L. 5 J IR
135
R=CHy;R,=H (67%)
R=R,=CH; (67%)
R, R, =-(CHp),~ (51%)
R=R;=CH; (75%)

CN CN
N/
C OH
C6H5_C—CH_05H5
136
NH,
CN 2
0 maleic R CN  HCONH,
anhydride RIHNHQ
R o Y
R,

135
NH,
111
R, Iol D

Phenyl-2,4-pentanedione yields the corresponding 5-phenyl
derivative,®® and 2-methyl-3-ketobutanal gives a substituted
pyridinol.2® Substituted furans and substituted pyridines are
obtained when the sodium salts of 3-halo-2,4-pentanedione
are used. For example, the sodium salt of 3-bromo- or 3-
chloro-2,4-pentanedione reacts with 1, in aqueous ethanol, to

)ij CH,
. CN
cH, YC—C? -0 N +H,0
O=(!J (l‘ — L+ -H,0
| N &, N
CH,
CH; CH;
N CN
= | (112)
»
H
137

give 2-amino-3-cyano-4-acetyl-5-methylfuran (138),!% and
the sodium salt of B-ketobutanal gives 2-methyl-5-cyano-6-
hydroxypyridine (139).22% The mechanisms for the formation
of these products are similar to the ones described above.

0
CH | CN N\
—
CH3:U:NH2 )
0 6a N tH,
138 139

(229) T. Matsukaneau and T, Matsuno, J, Pharm. Soc, Jap., 64, 145
(1944); Chem. Abstr., 45, 4724 (1951).

4-Methoxy-1,3-bis(dicyanomethylene)benzene has been
prepared from the corresponding dialdehyde and 1.2%0 2-
Acetylcyclohexanone reacts to give 1-methyl-3-hydroxy-4-
cyano-5,6,7,8-tetrahydroisoquinoline (140),23! pig the mech-
anism suggested for 2,4-pentanedione, whereas 2-acetyl-
cyclopentanone gives a mixture of unidentified products. 232

1 and 2,2,4,4-tetramethyl-1,3-cyclobutanedione in a 1:1.1
molar ratio give dicyanomethylene-2,2,4,4-tetramethyl-
cyclobutanone (141) and bis(dicyanomethylene)-2,2,4,4-tetra-
methylcyclobutane (142) in 46 and 219 yields, respectively.
By raising the molar ratio to 1:2.4, 142 is obtained in 979
yield.22% 1,4-Cyclohexanedione in the presence of acetic acid
and ammonium acetate yields 1,4-bis(dicyanomethylene)-
cyclohexane.?% 234

CN CN CN CON
CN N7 Ny
¢ ¢
B OH e, )l o, o) cm
AN ci, ) tH, cH ) CtH
CH, ° AN
AN N
140 141 142

The diethylamine-catalyzed reaction of benzil and 1 gives
2-amino-4-benzoyl-1,1,3-tricyano-4-phenylbutadiene (143).%3
The dimer 3 is the reactive species. 2,3-Butanedione gives
unidentified products with 1.235 1,3-Indanone yields 1,1-
dicyanomethylene-3-indanone (144),” whereas S-methylisatin
gives 5-methyl-3-dicyanomethyleneoxindole (145) or 3-
(2-amino-1,3,5-tricyanoallylidene)5-methyloxindole (146), de-
pending on reaction conditions.

CN
0
HN—F CN
0
NC il
N—C—CH,
CH C
gLd5 / \
N CN
143 144
NH
CH, e [N
“\CN C—C=(
en
N0 N\ CN
H H
145 146

Acenaphthenequinone and phenananthraquinone have been
reported to react with 1 to give unidentified colored
products. 5% 238231 However, a reinvestigation® has shown that
phenanthrenequinones and acenaphthenequinone react with
1 to give simple monocondensation products in excellent
yields. The following products (147-150) have been obtained
from the corresponding quinones, A novel cyclization occurs

(230) B. Reichert and W, Hoss, Arch, Pharm., 280, 157 (1942).

(231) F. Freeman, D. K. Farquhar, and R. L. Walker, J. Org. Chem.,
33,3648 (1968).

(232) F, Freeman and T. L. Ito, 1967, unpublished data,

8;%)1)5 A. La Landette and R. E. Benson, J. Am. Chem. Soc., 83, 4867
(234) M. T. Jones and W. R, Hertler, ibid., 86, 1381 (1964).

(235) F. Freeman, 1965, unpublished data.

(236) C.E. Gonter and I, J, Petty, Anal, Chem., 35, 663 (1963).

(237) W. Kesting, Chem. Ber., 62, 1422 (1929),
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\/ N

with the hydrazone of 150 to give acenaphthenepyridazine
(151).%

1,4-Naphthoquinone (583 mu), benzoquinone (517 my), and
hydroquinone (480 mu) react with 1 in agueous alcoholic
alkaline solution to give colored solutions which obey Beer’s
law.23¢ 1,2-Naphthoquinone, methyl-p-benzoquinone, and 2,5-
dimethyl-p-benzoquinone react with 1, but the monethers of
benzoquinone do not react under these conditions.23® This
method has been used to determine 1,4-naphthoquinone in
concentrations as low as 0.5 ppm with a standard deviation of
=+0.12.2% Recently the color reaction for the detection of
o-quinones in the naphthalene and phenanthrene series has
been extended to 4-nitro-, 2-nitro-, 3-bromo-, and 3-benzoyl-
9,10-anthraquinone, retenequinone, 3-acetylretenequinone,
1,2-chrysenequinone, and 1,2-naphthoquinone by Junek and
Hamboeck. 2% The intense violet to blue shades are stable and
can be formed from 0.5 to 10 ug of quinone.

5. Esters

Alkoxymethylenemalononitriles are prepared from 1 and
orthoesters in the presence??® or absence?® of acetic
anhydride. However, the yields are generally higher in the
presence of acetic anhydride.?3*24! Orthoacetates, ortho-
benzoates, and orthoformates may be used.242-24¢ Thio-
orthoesters also condense to give the nitrile ethers of a-cyano-
B-mercaptoacrylic acids which are further condensed in
anhydrous alcohol to pyrimidine compounds, 24

(238) H. Junek and H. Hamboeck, Mikrochim. Acta, 552 (1966).
(239) R. G. Jones, J. Am. Chem, Soc,, 74, 4889 (1952).

(240) J. P, Vila and M, Ballester, Anales Real Soc, Espan. Fis. Quim.
(Madrid), 45B, 87 (1949); Chem. Abstr., 44, 3884 (1950).

(241) R. G. Jones, J. Am. Chem. Soc., 73, 3684 (1951).

(242) W, Huber and H. A, Holscher, Chem. Ber., 71, 87 (1938).

(243) A. Ishiwata, Takamine Kenkyusho Nempo, 9, 21 (1957); Chem.
Abstr., 55, 1439 (1961).

(244) 1. P. Vila and R, G. Jarque, Anales Real Soc. Espan. Fis. Quim.
(Madrid), 40, 946 (1944); Chem. Abstr., 39, 4329 (1945).

(245) Dr. Kereszty and Dr, Wolf, Hungarian Patent 128,404 (1941);
Chem. Abstr., 46,2570 (1952).

1 + (CH;CH:0);CH —> CH;CH;OCH=C(CN),
9%

The mechanism for alkoxymethylenemalononitrile for-
mation is not clear. It has been suggested?4.247 that the
reaction involves condensation of ethyl orthoformate with
acetic anhydride to form diethoxymethyl acetate (152). 152
alkylates the active methylene carbon or 1 to give the acetal,
which then eliminates 1 mole of alcohol. This is not the only
mechanism since the reaction proceeds in the absence of
acetic anhydride.23% 24
C:H:0);CH + (CH;C0),0 —>

(C:H;0);CHOCOCH,; + C:H;O0COCH; (115)

(114)

152
152 + 1 —> CH;CO.H + (NC).CHCH(OC:H;): (116)
153
153 —> (NC),C=CHOC:H; + C;H;OH 117)

Although the pseudoesters24:24¢ 154 and 155 do not react
with 1, ethyl 4-dimethylaminophenylglyoxylate condenses®
to give 156. Ethyl acetoacetate, phenoxyacetaldehyde, 1, and

Cl
al (OCH,CH,), (OCH,),
0
c ;
a °
155

a secondary amine as catalyst give ethyl a-acetyl-G-phenoxy-
methyl-y,v-dicyanobutyrate (157)2% which is useful in the
preparation of medicinals. 157 is formed by the Michael
addition of lito the aldo! condensation product of ethyl
acetoacetate and phenoxyacetaldehyde.

0
Y
4-Me,NC;H,C== C\CN CH—CH—CH—C—OCH CH,
CN
COiEt OCsH:, (|3=O
CH;
156 157
6. Amides

1 reacts with N,S-diacetylcysteamine (158) at 20° in aqueous
solution of about pH 9 to form acetylmalononitrile and N-
acetylcysteamine. The kinetics show that the dicyanomethyl
anion is the reactive species.?® Acetylmalononitrile is also
formed from the condensation of 1 with acetic anhydride in
the presence of anhydrous sodium or potassium carbonate. 5!

I |
1 + CHCSCHCHNHCCH, —»
158

+ CH,CNHCH,CH,SH (l18)

(246) H. W. Post and E, R. Erickson, J. Org. Chem., 2,260 (1937).

(247) R. C.Fuson, W, E, Parham, and L. J. Reed, ibid., 11, 194 (1946).
(248) 1. P. Vila and M, Ballester, Anales Real Espan. Fis. Quim. (Mad-
rid), 42, 1097 (1946); Chem, Abstr., 41, 6549 (1947).

(249) 1. P. Vila and M. Ballester, Anales Real Espan, Fis. Quim.
(Madrid), Chem. Ser. B, 44, 593 (1948); Abstr., 42, 8179 (1948).

(250) F. Hoffmann-La Roche & Co. A.G., Swiss Patent 221,164
(1942); Chem. Abstr., 43, 689 (1949).

(251) 1. Heri and Midorikawa, Sci. Papers Inst. Phys, Chem. Res

216 (1962); Chem, Abstr., 58,3311 (1963).
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Table XX
Acyl- and Sulfonylmalononitriles 25
(CHy-
CHy);N
RCOCH(CN), RSO,CH(CN): Method Yield, %, salt
C¢H; B 20
p-MeCgH, B 13
m-O,NCqH, C 67 +
B-Naphthyl B 65
Me B 30
CeH; A 79 +
p-MeOCgH, C 65 +
p-CIC¢H, C 66 +
2-O:NCeH, A 85 +

Benzoylformamide and 1 give 1-phenyl-1-formanilido-2,2-
dicyanoethylene (159) in 959 yield.?*? Formamide, 1, and
carbonyl chloride give aminomethylenemalononitrile (160), a
useful intermediate for the synthesis of thiamine,?? in 70%
yield,

CeH. CN H
C_ Ne—ec CN
~ N P N
CONH, CN NH, CN
159 160

a-Amino ketones and 1 give 2-amino-3-cyanopyrroles (161)
in 40-70% yields.?’* The reaction presumably involves
condensation followed by cyclization with the amino group.

1 + R,COCRHNH) — gf |N| ;ﬁz (119)
res l
H
161
CH;, H CH, H
CH, CH; CH; CH;

7. Acid Chlorides

Acyl- and sulfonyl chlorides react with 1 in aqueous sodium
hydroxide (A), or in benzene and triethylamine (B), to give
acyl- and sulfonylmalononitriles. Reaction with 2 (C) yields
the same products (see Table XX). 2%

RCOCl + 1 —> RCOCH(CN),
RSO.Cl + 1 —> RSO:CH(CN),

(120)
(121)

K. NITROGEN COMPOUNDS

The reaction 1 with hydrazine was reported to yield 3,5-
diaminopyrazoles.2® However, more recent investi-
gations!% 22025 have shown that the product is 3-cyanomethyl-
4-cyano-5-aminopyrazole (162). 1 is dimerized by the basic

€252) J. C. Scudi and H. G. Lindwall, J. 4m. Chem. Soc., 57, 1646
33).

(253) Takeda Chemical Industries Ltd., Japanese Patent 2414 (1965);
Chem. Abstr., 62, 14508 (1965).
(254) K. Gewald, Z, Chem,, 1, 349 (1961).

(255)(a) J. P. Fleury and B, Libes, Compt. Rend,, 256, 2419 (1963);
(b) J.P.Fleury and B. Libes, Bull. Soc. Chim, Fr., 413( 64)

(256) R, von Rothenberg, Chem. Ber., 27, 685 (1894)
gsg)E. C. Taylor and K. S. Hartke, J. Am, Chem. Soc., 81, 2456
59).

NCTI——CHch
H2N I N/I'\I
R
162,R=H
163, R=C,H;
164, R=CH,

hydrazine to 3, which is the reaction intermediate. The yield is
higher when 3 is used instead of 1.25 Phenylhydrazine and
methylhydrazine give 1-phenyl- and 1-methyl-3-cyanomethyl-
4-cyano-5-aminopyrazole (163 and 164) in 58 and 59 %7 yields,
respectively. 257

Condensation of a dibromomalononitrile-potassium
bromide complex with thiosemicarbazide gave an unidentified
product (C.HN:S). 1 condenses with thiosemicarbazide and
semicarbazide hydrochloride to give 1,4,6-triamino-2-thioxo-
1,2-dihydropyrimidine (165) and 1,4,6-triamino-2-oxo-1,2-
dihydropyrimidine hydrochloride (166), respectively, 2

NH2 NHZ
XN XN
N %S N)= 0
NH, I
NH, NH,-HCl
165 166

Ethyl orthoformate, 1, and arylamines give condensation
products which are useful dye intermediates. Aniline, tetra-
hydroquinoline, p-toluidine, and diphenylamine give CeH;-
NHCH=C(CN),, 1,1-dicyano-2-tetrahydroquinolylethylene,
p-CH;:CHMNHCH=C(CN);, and (CsH;):NCH=C(CN),,
respectively. 2 N,N-Disubstituted amides have been prepared
from 1 and aqueous methylamine (167) and benzylamine
(168).2%° Side reactions include the base-catalyzed decom-
position of 1.

o
I |
RNH—-C—CHz—Cl——NHRx
167,R = Ry = CH,; 31%)

168, R = R; = CH;:CH, (40%)

1 reacts with benzenediazonium chloride to give phenyl-
azomalononitrile (169),26! and 170 and 171 are the products
obtained from the reaction of 1 and hydroxylamine.®®

CN
/
CeHN=N—CH
CN
169

1 + NH;OH' HCl] 4 KHCO; —> CO; +
H:0 + KCI + NCCH.C(NH;)=NOH (122)
170

170 + NH,OH —> CH,{C(NH;)=NOH],
171

(123)

Sachs?%? reported that nitroso compounds condensed with
1 to give anils, p-Nitroso-N,N-dimethylaniline®® yields the

(258) R, W. Morrison, Jr., Ph.D. Thesis, Princeton University, Prince-~
ton, N. J., 1964.

gg?))ﬁ Fischer, German Patent 834,104 (1952); Chem. Abstr., 50, 402
(260) L. 1. Exner, M, J. Hurwitz, and P. L. De Benneville, J. Am. Chem.
Soc., 77, 1103 (1955).

(261) E. L. Bennett, ibid., 74, 2420 (1952).

(262) F, Sachs, Chem. Ber., 33,963 (1900).
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anil (172). In contrast, from the interaction of various nitro-
sophenols with 1, Anderson, Bell, and Duncan®? only obtained
black amorphous solids which resisted purification.

p-(CH):NCHNO + 1 —> p-(CH;):NCHN=C(CN), (124)
172

1, amyl nitrite, and sodium ethoxide yield a compound
provisionally assigned structure 173.26% The mechanism for
the reaction has not been elucidated.

HOII‘I 1|\TH:
NC—é——C—OCHzCHs

OH
173

Zinc dust reduction of the product from the reaction of 1
and sodium nitrite in acetic acid gives acetaminomalononitrile
(174) which is an intermediate for the manufacture of
pyrimidines and purine derivatives, 25® or oximiomalononitrile
(175) which is a precursor for aminomalononitrile (9).28¢

1 N
CHy—C—NH—CH(CN), C=NOH

CN
174 175

1 reacts with carbonyl azides?® to give a-hydroxydinitriles
(176) in excellent yields.

(l)_
.
1 + RCON, + NaOH — R—C-LN, —
H-LoeN),
OH  CN
JC= C (125)
K “ox
176

R=CgH; (87%)
R = p-O,CeH, (84%)
R = p-H;COCH, (81%)

The sodium ethoxide catalyzed reaction of 1 and urea
yields 4,6-diamino-2-hydroxypyrimidine (6-aminocytosine)
(177),%%¢ and the sodium ethoxide catalyzed reaction with
thiourea gives the coreresponding 2-thiopyrimidine (178).2

NH, NH NH, NH
Y Y
OH SH
177 178

L. MISCELLANEOUS REACTIONS

1. Michael Addition

Benzalacetophenone, sodium methoxide, and 1 give 179,267 It
is surprising that only the 1,4-addition product is obtained

(263) O, Diels and E. Borgwardt, Chem. Ber., 54, 1334 (1921).
(264) G. Ponzio, Gazz. Chim, Ital., 61, 561 (1931).

(265) R. Mertz and J. P, Fleury, Compt. Rend., Ser. C., 262, 571 (1966);
Chem. Abstr., 64, 14087 (1966).

(266) Merck &"Co., German Patent 166,448 ; Beilstein, IT, 590.

88;)2)13 P. Kohler and B, L. Souther, J. Am, Chem. Soc., 44, 2903

instead of some 1,2-addition product since the balance between
the two possible modes of reaction is so delicate.

CH,—C—CH,—CH—CH—CN

CH; CN
179

It has been reported 2 that the reaction of dibenzalacetone
and 1, in the presence or absence of basic and acidic catalysts,
gave a cyclic addition product in 72 % yield. Unfortunately, the
structure and formula of the cyclic product were not given in
the abstract.

Dipyrromethene hydrobromides (180) and 1 react in
refluxing chloroform, via a 1,6-nucleophilic addition of the
dicyanomethyl anion, to give 181,269

R CH, CH, CO,CH,CH, BeNH
er_ L T L T
3 N / N/ CH3
| 5
H H
R= CHgCHzO, CH3CH2
180
R CH, CH, CO,CH,CH,
o | - (126)
3 P‘I blI 3
H CH(CN), H
181

Aqueous ammonia catalyzes the Michael addition of 1 to
coumarins (182) to give substituted coumarins (183) which
can be hydrolyzed to amides (184).2%° When 10%; sodium
hydroxide is used, the rate of dimerization of 1 to 3 is faster
than Michael addition and the product is 183a. m-Nitro-

Ry

“ S NH,
| + 1 —
R 07N
182
NH
CH(CN), NC—-CH—C——NHZ
R, NH,
R, 0”0 R,
NC HCCONHz
R,
(127)
R, 0
CN
NCCHC(NHZ)—C/
R,
R, 0" X0

183a

(268) K, Takemoto, Y. Tanaka, and M. Imoto, Kogo Kagaku Zasshi,
69, 524 (1966); Chem. Abstr., 65, 13835 (1966).

E%gg)s)P Bamfield, A. W. Johnson, and J. Lenz, J. Chem, Soc., 7001
(270) H. Junek and H. Sterk, Monatsh, Chem., 98, 144 (1967),
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benzoylcoumarin?! condenses with 1 to give C;HgN;O4,
and m-nitrobenzoyl-2-thiocoumarin condenses with 1 to
give C,)H:N¢OsS. Unfortunately the structures of the
reactants and products were not carefully characterized.

2. Hydrogen Halides

At —78° 1 and liquid hydrogen bromide and deuterium
bromide give [H:N=CBrCH=CBrNH,]Br and [D.N=CBr-
CH=CBrND.]Br, respectively. "2 Hydrogen iodide yielded the
corresponding product (unstable) while hydrogen chloride did
not react at —85°,

3. Sulfur and Sulfur Compounds

1 reacts with carbon disulfide and sulfur, in the presence of
secondary or tertiary amines, to give 4-cyano-5-amino-1,2-
dithio-3-thione (185) in 86 % yield. 7% ¢ Another example of

NC S
=7 OHN ,S/S (128)

185

this cycloaddition-type mechanism is found in the reaction of
1 and phenyl isothiocyanate to give 3-phenyl-4-amino-S-
cyanothioazolinethi-2-one (186) in 809 yield.?s Both 185 and
186 contain the relatively uncommon carbon-sulfur double

H,N l N—-CH;
NC—g =5
B AL - 186

bond linkage.

8,8-Dicyanoketene dialkyl mercaptoles, (RS).C=C(CN),,
are prepared by the reaction of 2, carbon disulfide,and an alkyl
iodide or ester.?! Many of these compounds are valuable as
photographic sensitizers.

Substituted 2-aminothiophenes are prepared by the reaction
of ketones and 1 in the presence of sulfur.?¢ The reaction
probably proceeds via intermediate 187 or 188.

| RUCN

1 + 8 + 8

1 + CHNCS — (129)

Hider R=R,=CH, (42%)
) R,R;=~(CH),— (90%)
b
R {0
y
R—C==C—CN N tuen
R—CH C=5N R—CH (= e
N\
T Y/
) sx’_ 5 S —S—
' 187 188

2-Aminothiophenes can also be prepared from «-0xo-
mercaptans and 1 in alcohol or dimethylformamide solution. 27
The stepwise nature of this reaction is demonstrated in eq 131
-133,

(271) L. L. Woods and H, L. Williams, Trans. Kansas Acad, Sci., 63,
165 (1960); Chem. Abstr., 55, 13418 (1961).

(272) E. Allenstein and P. Quis, Chem. Ber., 97, 1959 (1964).

(%gg%)K Gewald, Z. Chem., 3, 26 (1963); Chem, Abstr., 59, 10014
( .

(274) K. Gewald, J, Prakt. Chem., 31, 214 (1966).

(275) K. Gewald, ibid., 32, 26 (1966).

(?1236) K. Gewald, E. Schinke, and H. Bottcher, Chem. Ber., 99, 94
(

| T
Et,N R CN
R—C—C—R, + 1 =&
1 R—L s oy, @D
SH R=R,=H (55%)
R=H;R,=CH, (73%)
R=CH,CH,; R,=CH, (51%)

R,Ri=—(CHy)~ (70%)

Crovim Ot =
\CN

CN
L g

R, R, =-(CHp~ (95%)
CN CN
R—C= C/ + Br, —> R— =c NasH,
| N ~cN
R,—CH, R,—CHBr
R CN
R;[ S]:i xg, ¥
R=CH; Ri=H (75%)
R=CH; R, =H (60%)

1 can be thioacylated?® with esters of thiocarboxylic,
dithiocarboxylic, trithiocarbonic, or xanthic acids in the
presence of an alkali alkoxide catalyst. The salts are char-
acterized by methylation to the sulfides 190. The salts, 189,

Ry -
1+ Jo=s 2
R
R=Salky], O-alkyl
M=Na,K
S N g N
c=c{__|M* = e=c (134)
R CN K
1
189 150
R, =CH, (60%)
o R, = CH, (60%)

R, =CH;CH, (95%)
R, = SCH, (50%)
R, = OCH,CH, (60%)

are also alkylated to sulfides by «-chloro ketones and o-
chloro carboxylic esters and nitriles. The sulfides are then
cyclized to thiophenes by triethylamine catalyst.?”® Aqueous
chloroamine solutions react with 189 to give isothiazoles
(191). 191a and c are also prepared using hydroxylamine-O-

sulfonic acid. 28
NC NH,
| T4+ MCl (135
R L L (135)

191
191a, R, = CH, (86%)
b, R, = OCH,CH; (77%)
¢, R, =SCH, (72%)
d, R, = C;H,CH, (93%)

189 + CINH, —

(277) K. Gewald, ibid., 98, 3571 (1965).
832)7)1( Hartke and L, Peshkar, Angew, Chem. Intern, Ed. Engl., 6, 83



Chemistry of Malononitrile

621

Table XXI
1,3-Dithiacyclohex-4-enes ¢

R
Ry SR
o=
R S NH,

Yield, Yield,
R Ry R; Ry 7 R R, R; Ry %

CH; CH; CH; CH; 66 ~(CH:s~  -(CHy)s 70
~«(CHp)s- HCHy)s- 70 H CH; —(CHye- 70
~(CH,)4~ ~(CHz)¢~ 63

The highly reactive unsaturated sulfides give pyrimidines
with amidines or guanidines, pyrroles with 2-amino carboxylic
esters, isoxazoles with hydroxylamines, and pyrazoles with
hydrazines.?™

1 reacts with gem-dithiols in methanolic potassium hydrox-
ide to give 1,3-dithiacyclohex-4-enes (192)7% (Table XXI).
The same products are obtained from alkylidenemalono-
nitriles.

R,

R v B R,
1 + RRCEH), — __X=C__  — )—CN
R; oN ¢ 5L,

192
(136)

4. Oleic Acid and
Aromatic Hydrocarbons

1 adds to the double bond of oleic acid, in sulfuric acid, to give
a-cyanoacetamidostearic acid in 19 97 yield. 20

1, in the presence of a metallic chloride, reacts with aromatic
compounds, such as toluene, naphthalene, acenaphthene, a-
or S-naphthol ether, 1-methylnaphthalene, and anthracene to

give diketimides of type 193, 28!
Cr

cooc ool

193
5. Tritylation

Four products are obtained from the reaction of triphenyl-
carbinol (194) and 1.%2 These reactions are catalyzed by acids

H+*
1 + (CeH;);COH ——> CH,{CONHC(CeH:):)s
194

(138)

H+
1 + 194 —> (C.H;);CNHCOCH;CONH, (139)
14194 —A> (CeH):CH(CN)CONH; + (CsH;);CCH(CN), (140)
195

and inhibited by bases. With triphenylmethyl chloride, only
the normal product (195) was isolated under a variety of
conditions, 288

(279) J. Jentzsch and R. Mayer, J. Prakt. Chem., 18, 210 (1962).
(280) E.T.Roeand D, Swern, J. Am. Chem. Soc., 75, 5479 (1953).

(281) I. G. Farbenindustrie, A.-G., French Patent 704,633 (1930);
Chem. Abstr., 25,4717 (1931).

(282) S. Pataiand S. Dayagi, J. Chem, Soc., 716 (1962),
(283) S. Patai, S. Dayagi, and R, Friedlander, ibid., 723 (1962).

6. 4-Pyrones and Pyrylium Salts

2,6-Dimethylpyrone®¢ and 2,6-dimethyl-4-thiopyrone6—2%7
react with 1 in refluxing acetic anhydride to give the same
product, 2,6-dimethylpyranylidenemalononitrile (196), in 90
and 339 yields, respectively. The condensation is not effected

0 CH(CN),
N o
|| + 1 — I +/ X —
¢4, 9 tm, &, ©

CN ON

\C/C ;

fi — 1+ /(‘i (141)

¢, 97w, ca, 9 “cw,

19

by the usual catalysts, e.g., piperidine, sodium acetate,
sodium ethoxide, or sodium r-butoxide.’ If glacial acetic
acid and acetic anhydride are used, one obtains the pyrylium
salt with 2,6-dimethylpyrone.®¢ 4-Methoxy-2,6-dimethyl-
pyrylium perchlorate (197) can also be used for the preparation
of 196. Ohta and Kato®’ found that demethoxylation of 197
occurs in a refluxing mixture of s-butyl alcohol and 1 to give
196. Surprisingly, with 4-methylmercapto-2,6-dimethyl-
pyrylium perchlorate elimination of the methyl mercaptan
does not occur, and compound 198 or 199 is obtained.

OCH,
s
| + + 1 — 19 (142)
O/
CH; Clo,~ CH;,
197
SCH,
N
IS/ + 1 —
CH, Clo,” CH,
CH,S
CH,S~__-CH(CN),
=
ﬁ or | CH, (143)
1, 9 “ow, ¢g, 07 “CHCN),
198 199

196 is probably formed by the following mechanism.
Support for this mechanism is given by the formation of 198
and 199.

OCH,
AN CH(CN),
| > P—

0
CH; Clo,~ CH,

CH,0O~__~CH(CN), CH;0~__-C(CN),
B:
cn, 9 e, ¢

|- — 196 (144)
H, 0 CH,
(284) L. L. Woods, J. Am. Chem. Soc., 80, 1440 (1958).
(285) F. Eiden, Arch. Pharm., 293, 404 (1960).

(286) J. Kelemen and R. Wizinger, Helv. Chim. Acta, 45, 1909 (1962).
(287) M. Ohta and H. Kato, Bull. Chem, Soc. Jap., 32, 707 (1959),
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2,4,6-Triphenylpyrylium fluoroborate and 1 react to give 2-
amino-3-cyano-4,6-diphenylbenzophenone (200) in 757
yield. 2 A possible mechanism is shown in eq 145. The scope
of this interesting transformation has not been investigated.

CeH;
N -
[+ + CH(CN), —
0
CGH5 CGH5
H (145)
CH(CN)2 C(CN)
6H5
CqH; O;) CeHs
C:H,0C G, CH
+H
Bl
NH; CeHs N// CeH;
CN
200

7. Hoesch’s Reaction

Sonn#* reported that hydrogen chloride, phloroglucinol, and
I:gave an intermediate imonium chloride which is hydrolyzed
to o-cyanoacetylphloroglucinol, NCCH,;COCHy(OH). 2,2,-
4,4’,4,6',6'-Hexahydroxydibenzoylmethane (101) is the side
product. A similar reaction was found to occur with resorcinol.
In contrast, Shinoda?® reported that the major product in the
phloroglucinol reaction is 2,4-diimino-5,7-dihydroxycoumarin
(102) which could be formed according to eq 146. These reac-

<

tions should be reexamined under identical experimental con-
ditions.

H

—2HCl
—_—

+ CHy(C==NHCI),

OH OH
OH NH

g (149

GH 0
202

(288) K. Dimroth and G. Neubauer, Chem. Ber., 92, 2046 (1959).
(289) A. Sonn, ibid., 50, 1292 (1917).

(290) JI. Shinoda,J. Pharm. Soc. Jap., No., 548, 834 (1927); Chem. Abstr.,
22,768 (1928).

8. Tetracyanoethylene

Tetracyanoethylene (56) has been prepared from 1 and
sulfur monochloride+2? or from the vapor-phase chlo-
rination—dehydrochlorination of 1 at 450°,292:29% Pyrolysis of
the condensation product of 1 and 1,3-bis(acetoxyimino)-2-
propanone (203) also gives 56. However, the preferred
synthetic preparation of 56 involves 6. 1 reacts with 56 to give
tetramethylammonium 1,1,2,3,3-pentacyanopropenide (204)
according to eq 149, 294

1 + S0, — 56 <%

1+ ¢, 4
(CHSOCON=CH)ZC=C<CN L, 56 (48
CN
203
56 + 1 22U [0(ON),==C(CN)C(CN).]™ @H + HCN
l(CH;);NCI — (149)
QNHCI + [C(CN)==C(CN)C(CN),]" [N(CH)JF
204

9. Potassium Cyanate and
Phosphorus Pentachloride

Potassium carbamyldicyanomethanide (205) is obtained in
71% vield by the interaction of 1 and potassium cyanate in
dimethylformamide. 15

CN

ion-exchange

1 4+ KOCN -— K'C=—CONH,

resin

CN
205
CN
H—C—CONH, (150)
CN

Heating (110-115°) an excess of 1 and phosphorus pen-
tachloride?¢® in benzene gives 409 206 and 5-7%; 1,1,3,4,5-
pentachloro-1,2,6-phosphadiazine (207). When an excess of
phosphorus pentachloride is used, 208 is formed in 857

Cl
cl cl
C{ N
C=C~—N==P(], l
7/ NipzN
H 53¢
Cl N\
1 Tl
206 207
H
Cl Cl
N YN
C=C—N=P(l, l
c§ & NipzN
7
a \01
208 209

(291) T. L. Cairns and E. G, McGeer, British Patent 757,773 (1956);
Chem. Abstr., 51, 6217 (1957).

(292) R, E. Heckert, U. S. Patent 2,794,823 (1956); Chem. Abstr., 51,
16514 (1957).

(293) D. N. Dhar, Chem. Rev., 67, 611 (1967).

(294) W, ]1. Middleton and D. W. Wiley, Org. Syn., 41, 99 (1961).

(295) V. Shevchencko, P, P. Kornutta, N. D, Bodnarchuk and A, V.
%(gganov, Zh. Obshch. Khtm 36, 730 (1966), Chem., Abstr 65, 8912
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yield. An equimolar ratio of reactants at 20-25° gave a
75-80% vyield of 1,1,3,5-tetrachloro-1,2,6-phosphadiazine
(209). The cyclizations probably proceed via Scheme XV.

Scheme XV
+ C{ +
1 + PCl, — 206 —> /C=C—-1TI=PC13 —
H 4 H
KKF H\F o e H\F
+N \P/ \P/NH N\P/N
(CDs (Cl)s Cl Cl

PCl;
209 —> 207

Using a two molar excess of alkylmalononitriles?%¢ at
30-35° gave 210 and 211, whereas a 259 excess of alkyl-
malononitriles at 20-25° gave 211 in 48-657% yields. If the

R
f=C—N=pcj, | R—C—C—N=PCl,
R I N\p/
Cl AN cl a
C a
210 21 212

R % R %
CH, 17 Me 86
CH;CH, 35 Et 57
n-C,;H, 32 Pr 53
n-CsH; 30 i-Pr 61
i-C;H, 48 Bu 84

reaction mixture was saturated with dry HCI, 210 was obtained
in 85-90% yield. Another product, 212, was obtained by
refluxing the dinitrile with an excess of phosphorus pen-
tachloride, 2%

M. AMINOMALONONITRILE

Several incorrect reports have appeared concerning the
synthesis of aminomalononitrile (9). Oro and Kimball?¥
suggested that 9 was an intermediate in the synthesis of
adenine from hydrogen cyanide and ammonia. Later, this low
molecular weight intermediate was shown to be the hydrogen
cyanide tetramer, diaminomaleonitrile. However, 9 is an inter-
mediate in the polymerization of hydrogen cyanide.2%,2%
The reported synthesis of 9 from 5 and ammonia by Ruske
and Ruske!®® gives instead 56 and compounds derived
from it (vide infra). 9 has been prepared®® in 45-50 77 yields by
the aluminum amalgam reduction of 175.%8¢ The hydrogen

Al(H;

HOA
1 4+ NaNO, -—> 175 ———> HzNCH(CN)z (151)

cyanide tetramer (diaminomaleonitrile, 213) is obtained
from the interaction of the tosylate salt of 9 and sodium

(296) V. I, Shevchencko and P, P, Kornutta, Z4. Obshch. Khim., 36,
1254 (1966); Chem. Abstr., 65, 15381 (1966).

(297) 1. Oro and A, P. Kimball, Arch. Biochem. Biophys., 94, 217
(1961); 96, 293 (1962).

(298) R.Sanchez, J. P, Ferris, and L. E. Orgel, Science, 153, 72 (1966).
(299) T. Volker, Angew, Chem., 72,379 (1960).

(300) J. P. Ferris and L. E. Orgel, J. Am. Chem. Soc., 88, 3829 (1966).

cyanide. 9 is also a useful intermediate in the preparation of
certain heterocyclic systems (eq 153, 154), 3
NH, NH,
C==C
e
CN CN
213

NC——N
9 + HNCH=NH — B
HN—"—N

90Ts + NaCN — (152)

(153)

0
NC——N
R—C—0—C—R — | r @
HN——0

9 +

R= H, cHg, C2H5, CGHS
VII.

1 is used widely in industrial and in biomedical applications.
It is suggested that some of the studies of 1 on various
biological systems be reinvestigated due to the inadvertent
formation of 3 in alkaline solutions. 4

Uses

A. INDUSTRIAL

Some of the industrial uses of I are: lubricating oil additive, 3%
solvent for polyacrylonitriles,301-303 polymerization, 304 05
herbicide,®¢ defoliation—dessicant for broadleaf crops,
azomethine dyes,3®30¢ resin with urea and an aliphatic
aldehyde or furfural,®® merocyanine-sensitizing dyes,3!!
optical sensitizers,*!? washing and bleaching compositions, %13
polymers via a polyrecombination reaction,®!4 reaction with
polyacroleins,?!® dyeing polyacronitrile fibers,”s ultraviolet
filters,?'® polymers with 1-aziridinyl compounds,3? stabili-

(301)(a) R. C. Houtz, U, S. Patent 2,404,713 (1946); Chem. Abstr., 41,
150 (1947); (b) M. Takahashi, Kogo Kagaku Zassht, 64, 1130 (1961),
Chem. Abstr., 58,9270 (1963).
(302) Teikoky Rayon Co., Japanese Patent 7791 (1957); Chem, Abstr.,
53, 1850 (1959).
(303) E. E. Walker, J. Appl. Chem., 2, 470 (1952).
(304) V, A. Vasney, S. L. Sosin, and V. V, Korshak, Vysokomolekul.
Soedin., 6, 843 (1964); Chem. Abstr., 61,4261 (1964).
(305) E. N. Zil’berman, P. S. Py ralova and E. G, Pomer, Vysoko-
molekul, Soedin., 7, 2150 (1965); Chem Ab:tr 64, 11,326 (1966).
(306) D. T. Mowry and A. H. Schlesinger, U. S. Patent 2,683,659
(1954), Chem. Abstr., 48, 11714 (1954),

07) L.-H, Li, T.-H. Tao, and S.-C. Hsieh, Chih Wu Pin Li Hsueh
Pao,7 89 (1964); Chem. Abstr 63, 6258(1965)
(308) P.I Ittyerah and F. G. Mann, J, Chem. Soc., 3179 (1956).
EBO9))P. R. Merckx, Sci. Ind. Phot., 21, 45 (1950); Chem. Abstr., 44,6753
(310) (a) C. L. Cormany, R. Dial, and B. O. , U. S. Patent
3,265,747 (1956), Chem Abstr 65, 15224 (1966); (b)G F. D’Alelio,
U.'S. Patent 2,300,208 (1943); Chem. Abstr., 37, 806 (1943).
(311) G. D. Anderson, British Patent 789,136 (1958); Chem. Abstr.,
53, 939 (1959).
(312) Gevaert Photo-Producten N. V,, Belgian Patent 519,732 (1953);
Chem. Abstr., 53, 6851 (1959),
(313) Deutsche Gold und Silber-Scheideanstalt vorm. Roessler,
British Patent 802,035 (1958); Chem. Abstr,, 53, 3742 (1959).
(314) V. A. Vasnev, S. L, Sosin, and V. V. Korshak Dokl. Akad. Nauk
SSSR, 152, 872 (1963) Chem. Abstr., 60, 6935 (19 )
(315) R, C, Schulz, K. Meyersen, and W, Kern, Makromol. Chem., 53,
58 (1962); Chem. Abstr., 57, 13974 (1962).
(316) Takeda Chemical Industries Ltd., Japanese Patent 13,364 (1963);
Chem. Abstr., 60,2791 (1964).
(317) (a) Albright and Wilson Ltd., British Patent 837,709 (1960);
Chem. Abstr., 54, 25 870 (1960); (b)W A. Reeves, L. H, Chance, and
SQ%O)Drake, Jr U. §. Patent 2 917,492 (1959); Chem. Abstr., 54, 16025
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Table XXI1I
Biomedical Uses of Malononitrile
Application or effect Ref

Protection against toxic effect of X-ray and

nitrogen mustard 322-325
Vitamin B, intermediate 326
Influence in neurotropic virus infections 327
Inhibitory effect on SH groups in bacteria 328
Lathyrogenic agent 329
Adrenolytic activity and adrenaline-blocking

properties 330, 331
Effect on transfer of radioactive glycine to the

brain 332
Synergy between sympathicolytic agents 333
Effect on spinal ganglion cells of Rana pipiens 334
Effect on metabolism 335, 336
Effect on growth of transplanted tumors in mice 193, 337
Regeneration of the nerves of the rabbit cornea 338, 339
Effects and fate in animal tissues 340
Restoration of nucleoproteins in central nervous

system 341
Action on nerve cells in rabbits and guinea pigs 342, 343
Action on embryonic development of Ambystoma

mexicanum and of Rana temperaria 344
Effect on cortical activity in rabbits 345
Lesions caused by poisoning rats 346
Lethal toxicity in mice 347
Effect on growth rate of flax seedlings 348
Effect on cerebral cortex in guinea pigs and

rabbits 349, 350
Effects on incorporation of radioactive phosphates

into the phospholipides of slices of cat brain 351
Influence on poliomyelitis in mice 352, 353

zation of methylchloroform,%® extraction of aromatic
compounds from mixtures of hydrocarbons,?®® cyanomethyl-
idene quinoline dyes,®!* plant-growth inhibitors,3?® and
elastomeric cross-linked copolymers of perfluorodiamidines
and perfluoromonoamidines, 321

B. BIOMEDICAL

Some of the many biomedical uses of 1 are shown in Table
XXIT, 193 322353

(318) K. H. Eisenlohr and E. Mueller, Belgian Patent 670,244 (1966);
Chem. Abstr., 65, 12049( 66).

(319) 1. M. Straley, D. J. Wallace, and M.,
3,240,783 (1966); Chem. Abstr., 64, 19849 (1966)
(320) W. A. Sheppard, U. S. Patent 3,213,124 (1965); Chem. Abstr.,
64, 3419 (1966).

(321) A.D. Delman, A. E. Ruff, and B. B, Sims, U, S. Patent 3,218,270
(1965); Chem. Abstr., 64, 3813 (1966).

(322) Z, M. Bacquard and A. Herve, Brit. J. Radiol., 24, 617 (1951);
Chem. Abstr., 46, 1649 (1952).

A. Weaver, U, S, Patent
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(1959); Chem. Abstr., 54, 8995 (1960).
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893 (1960); Chem. Abstr., 55, 8658 (1961).
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