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TasLE III
CN CN
SaLts oF 1,1,2,2-TETRACYANOSULFONIC Acip XC—C—S0,0Y
CN CN
Empirical M.p., Recrystn, Carbon, 9%  Hydrogen, % Nitrogen, % Sulfur, %
X Y formula °C. solvent® Caled. Found Caled. Found Caled. Found Caled. Found
H Na CsHN4SOsNa 180 d. A 31.03 31.10 0.44 0.53 24.13 24.41 13.81 13.75
H N(CHs)a C1oHisN5SOs? 120-122d. B-C 42.39 42.50 4.62 4.72 24.74 24.45 11.31 11.50
H N(C:Hs)e CuHisNSOs° 98-100d. B-C 49.54 49.83 6.24 6.32 20.63 20.62 9.44 9.45
H CioHiN? C1sHuNeSOs 85-86 C 54.38 54.57 3.14 3.16 19.82 19.66 9.07 9.19
H S(CHas)s CoHioNS$:0s 84-85 d. None 37.75 38.06 3.52 3.74 19.57 19,62 22.40 22.43
CsHsCH:N(CHs)s CeHsCHoN(CHi)s CasHzeNeSOs 198-199 o] 61.39 61.18 6.34 6.49 16.52 16.52 6.30 6.22
CioHyoN9 CiHpNe CosHz0NS0s 125-150d. C 62.89 62.72 4.06 4.00 16.93 17.04 6.46 6.75
CuHiN*® CuHi2N*¢ CasHaaNeSO3 172-173d. B 64.10 64.00 4.61 4.67 6.11 6.26
Ag N(CHa)4 CuHNsSOsAg 100 4. None 17.95 17.77 27.657 27.81/
* A = acetone—ether, B = methanol, C = water. ? Calcd.: neut, equiv,, 283.3. Found: neut. equiv., 285; pKa., 2.70.

¢ Caled.: neut. equiv., 339.4. TFound: neut. equiv., 338; pKa., 2.62.

7 Silver analysis.

talline precipitate which formed was collected on a filter and
washed thoroughly with acetone to give 15.2 g. of the
silver salt of tetramethylammonium 1,1,2,2-tetracyano-
ethanesulfonate in the form of a white crystalline powder.

Hydrolysis of 1,1,2,2-Tetracyanoethanesulfonic Acid.—
A solution of 1,1,2,2-tetracyanoethanesulfonic acid, pre-
pared by treating a suspension of 6.4 g. (0.05 mole) of tetra-
cyanoethylene with sulfur dioxide, was boiled for 30 minutes,
and then cooled. White crystals (1.2 g.) of tetracyano-
ethane separated upon cooling.

Oxidation of Bis-(trimethylbenzylammonium) Salt of
1,1,2,2-Tetracyanoethanesulfonic Acid.—One gram of this
salt was suspended in 10 ml. of water and 5 ml. of concd.
nitric acid was added dropwise. An exothermic reaction
occurred, and a precipitate of 0.21 g. of tetracyanoethylene
formed.

Conversion of Bis-salt to Mono-salt.—One gram of the
bis-(N-methylquinolinium) salt of 1,1,2,2-tetracyanoethane-
sulfonic acid was dissolved in 25 ml. of hot 29 hydrochloric

4 N-Methylquinolinium. ¢ N-Methyllepidinium.

N-methylquinolinium 1,1,2,2-tetracyanoethanesulfonate
separated.

Reaction of «,a’-Azodiisobutyronitrile with Tetracyano-
ethylene.’*—A mixture of 4.92 g. (0.03 mole) of a,a’-azodi-
isobutyronitrile, 1.28 g. (0.01 mole) of tetracyanoethylene
and 150 ml. of benzene was heated at reflux for eight hours.
Benzene was distilled off leaving 5.34 g. of solid residue.
Sublimation of this solid at 80-100° (1 mm.) gave 1.83 g.
(43% yield) of tetramethylsuccinonitrile. Further sublima-
tion at 120° (0.8 mm.) gave 0.97 g. (379 yield) of crude
2,3,3,4,4,5-hexacyano-2,5-dimethylhexane. This product
was obtained as white crystals, m.p. 150-151° after an addi-
tional sublimation at 120° (0.8 mm.).

Anal. Caled. for C,4H13Ns: C, 63.62; H, 4.58; N, 31.80.
Found: C, 63.88; H, 4.71; N, 32.12.

(18) C. G. Krespan, U, S. Patent 2,717,261 (1955).
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Dicyanoketene Acetals

Dicyanoketetne acetals were prepared by the urea-catalyzed reaction of tetracyanoethylene with alcohols. The dimethyl
and diethyl acetals were prepared from tetracyanoethylene and methyl and ethyl alcohol, and several cyclic acetals were
prepared from 1,2- and 1,3-glycols. The dicyanoketene acetals reacted with ammonia and primary and secondary amines
to give l-amino-l-alkoxy-2,2-dicyanoethylenes and 1,1-diamino-2,2-dicyanoethylenes, The dicyanoketene cyclic acetals
behave as alkylating agents toward tertiary amines, alkyl sulfides, thioureas, thioamides and thiosemicarbazide, and ad-
ducts of the ethylene and trimethylene acetals with these bases were prepared and characterized as ‘‘inner-salt’’ compounds.

In a previous paper of this series,! addition reac-
tions involving the ethylenic double bond of tetra-
cyanoethylene were described. Inasmuch as cer-
tain active hydrogen compounds were demon-
strated to add to tetracyanoethylene, it was of in-
terest to study the reaction of alcohols with tetra-
cyanoethylene.

It was found that tetracyanoethylene could be
recrystallized unchanged from methyl and ethyl
aleohol, although prolonged heating in either sol-
vent resulted in much degradation with the for-

(1) Paper III, W. J. Middleton, R. E. Heckert, E. L. Little and

C. G. Krespan, THIS JOURNAL, 80, 2783 (1958).

mation of tarry products. However, if certain
catalysts, such as urea or zinc acetate were added
to the alcohol, a clean reaction occurred and a di-
cyanoketene acetal was formed. Similatly, when
tetracyanoethylene was allowed to react with a 1,2-
or 1,3-glycol, dicyanoketene cyclic acetals resulted.
Attempts to replace only one of the cyano groups of
tetracyanoethylene with an alkoxide group were
not successful. When tetracyanoethylene was
treated with only one equivalent of an alcohol, a
mixture of the dicyanoketene acetal and unre-
acted tetracyanoethylene resulted.

The reaction of tetracyanoethylene with an al-
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cohol can be visualized as
NC !CN NCIl lCN ({ZN
DS R
NC CN NC CN NC CN
Ia Ib Ic
NC CXN CI:N
I+RO" —> —Cli——cl‘,—OR <> —N=C=C|1—C|—OR
NC CN NC CN
Ila IIb
NCIZ (?R NC CN ({)R
—CN-~
11 —L——> CI:=Cf <> -(li——(l:+ <> “N——:C:(‘Z—lef
NC CN NC OR NC CN
IIla IIIb I1lc
NCli O[R ([)R
I1I — '(li—(li——OR <> —I\'———-'C:(]:-—?—OR
+
RO~ NC CN NC CN
IVa IVb
NC OR
—CN- | ]
v ———> CIZ=C]I
NC OR

Presumably, the reaction with a second molecule
of alcohol is favored by the contribution of reso-
nance forms b and c of I1I, which should be greater
than the contribution of resonance forms b and ¢ of
1 due to the polarizing effect of the alkoxyl group
in II1. In contrast to this reaction, the reaction of
an amine with tetracyanoethylene usually results
in replacement of only one cyano group with the
formation of a tricyanovinylamine.? This can be
explained by the greater electron-donating tend-
ency of nitrogen as compared to oxygen, which
would favor the resonance forms a and b instead of
cand d of V and tend to prevent further reaction.

NC CIN NC!3 (‘ZN N(’Z (‘DN
|
C=C <> C—C=NTR; <> "N=C=C--C=N"*R,

l

1 [
NC NR; NC Va Vb

NC CN (llN
1
'(‘l—([l+ <> “N=C=C-——?+
NC NR; Ve NC XNR; Vvd

The exact role of the catalyst in the reaction of
tetracyanoethylene with alcohols is not known.
Urea was the best catalyst found, although other
catalysts, such as pyridine and zinc salts, promoted
the reaction. Ppyridine and other strong bases are
less desirable as catalysts since they can react with
the acetals once they have formed. All of the cat-
alysts probably function by increasing the con-
centration of alkoxide ion present in the reaction
mixture. However, an additional effect was noted
with urea; when urea was added to a solution of
tetracyanoethylene in methyl or ethyl alcohol, a
brilliant purple color developed. As hydrogen

(2) Paper VI, B, C. McKusick, R. E. Heckert, T. L. Cairns, D. D.
Coffman and H. F, Mower, THIS JoURNAL, 80, 2806 (1938),
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cyanide evolved, the color faded, and the reaction
mixture became almost colorless when the reaction
was completed. This would seem to indicate the
formation of a complex between tetracyanoethylene
and urea, which probably expedited the addition of
the alkoxide ion.

Dicyanoketene acetals were prepared by reaction
of tetracyanoethylene with methyl and ethyl alco-
hol, ethylene, propylene and trimethylene glycols
and 3-cyclohexene-1,1-dimethanol. The structure
of the dicyanoketene dimethyl acetal was con-
firmed by its conversion to the known sodium salt
of methyl dicyanoacetate? (VI) by reaction with
aqueous sodium hydroxide.

NC\: Cl)CHg N(IZ (l)Na
C|l=|C + NaOH —> Cz(ll + CH;0H
NC OCH; NC OCH;

VI

All of the dicyanoketene acetals prepared in this
study are white crystalline compounds with melt-
ing points ranging between 51 and 161°. The di-
methyl and diethyl acetals are degraded by pro-
longed heating above their melting points, but the
cyclic acetals are quite stable, even up to 200°.
The dicyanoketene acetals are surprisingly inert
toward water and alcohols, even in the presence of
an acid catalyst. In this respect, they differ from
other reported ketene acetals which are converted
to esters and orthoesters by water or alcohols and
acid catalysts.*

Also, in contrast to the other reported ketene ace-
tals,* the dicyanoketene acetals are inert to benzyl
bromide. However, they react with anhydrous
hydrogen chloride to give products in which one of
the C-0 bonds in the acetal linkage is broken, and
one of the cyano groupsis converted to —CCl=NH,
Thus, reaction of dicyanoketene diethyl acetal with
hydrogen chloride produced VII and ethyl chloride,
and reaction of dicyanoketene ethylene acetal with
hydrogen chloride resulted in VIII. These struc-
tures (VII and VIII) were tentatively assigned on
the basis that the compounds gave a deep red color

NC  OCH; Cl—C  OC,H, CCl OCH,CH;Cl
| 2HCI ]
c{:=? —  C=C + GHCI —C
NC  OC,H; NC OH NC OH
VI VIIT

with alcoholic ferric chloride (enolic OH test) and
a precipitate of silver chloride with cold alcoholic
silver nitrate (active halogen test). The infrared
spectrum of the product from the diethyl acetal
and hydrogen chloride had absorption bands at
3.05 and 3.20 u that could be attributed to NH and
OH, a band at 4.55 u for CN, a band at 6.15 u for
conjugated C=C, and a band at 7.9 for C-O-C.
This spectrum thus also supports the assignment
of structure VII to this compound.

1-Alkoxy-1-amino-2,2-dicyanoethylenes.-—The
dicyanoketene acetals are very susceptible to

(3) F. Arndt, H. Scholz and E. Frobel, 4Ann., 521, 95 (1935).

(4) S. M. McElvain, Chem. Revs., 45, 470 (1949); S. M. McElvain
and J. P. Schroeder, THis JourNaL, 71, 47 (1949).
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attack by basic reagents. The acetals react quite
readily with ammonia or primary and secondary
amines to produce l-alkoxy-1-amino-2,2-dicyano-
ethylenes. Aqueous ammonia reacted rapidly
with a molecular equivalent of dicyanoketene di-
ethyl acetal to yield a crystalline compound identi-
fied as l-amino-1-ethoxy-2,2-dicyanoethylene (2,2-
dicyano-1-ethoxyvinylamine (IX)).

NC OCH; NC OCH; CN NH
! + NH; [ |
?Z(l: — $=([: HC—COC,H;

NC OC:H; NC NH, CN X

IX

The infrared spectrum of this compound (IX)
was identical with that of a compound prepared
from ethyl alcohol and cyanoform according to the
directions of Hantzsch and Oswald® and previously
identified as the tautomeric ethyl ester of dicyano-
acetimidic acid (X). However, the spectral data
leave little doubt that this compound possesses the
vinylamine structure IX. The ultraviolet absorp-
tion spectrum shows a strong maximum at 2540 A.
which indicates a high degree of conjugation.
There is a doublet at 3.05 and 3.19 u in the infrared
absorption spectrum which could be due to a NH,
group. There is also a very strong and sharp band
at 6.05 p, which probably is associated with the
NH; group, and a band at 6.48 u which is very
similar to the absorption due to C==C in the di-
cyanoketene acetals. These spectral data are not
what would be expected if structure X were correct.

Similar vinylamines were prepared from ammonia
and the dicyanoketene cyclic acetals. Thus, 1-
amino - 1 - (2 - hydroxyethoxyl) - 2,2 - dicyano-
ethylene and l-amino-1-(3-hydroxypropoxy)-2,2-
dicyanoethylene were prepared from dicyanoketene
ethylene acetal and dicyanoketene trimethylene
acetal, respectively.

1 - Ethoxy - 1 - methylamino - 2,2 - dicyanoethyl-
ene (XI) was prepared from dicyanoketene diethyl
acetal and a molecular equivalent of aqueous
methylamine. The infrared spectrum of XI pos-
sessed a band at 3.05 u due to the NH group. The
tautomeric form of this compound (XII) is thus ex-
cluded since this structure contains no NH group.

NC OC,H; NC OCH; NC NCH;
Lo CH3NH, | | |
c}—_—$ —_— c1:=ic H1C-COC2H5

NC OC.H, NC NHCH; NC

X1 XII

The 1l-amino-1-alkoxy-2,2-dicyanoethylenes pre-
pared from the dicyanoketene acetals possess prop-
erties that are markedly different from those that
would normally be expected of vinylamines.
These compounds are high-melting solids that are
stable to heat and water. Instead of being basic,
they behave as weak acids; they dissolve in dilute
aqueous sodium hydroxide and can be recovered
unchanged by acidification. However, boiling one
of these vinylamines in dilute sodium hydroxide
solution resulted in a rather unusual reaction.
Cyanoform, isolated as its tetramethylammonium
salt (XIV), was produced when l-amino-1-(2-

(5) A. Hantzsch and G. Oswald, Ber., 32, 641 (1899).
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hydroxyethoxy)-2,2-dicyanoethylene (XIII) was

NC OCH,CH,OH CN

[ NaOH |

C=C — — > | NCC~ NT(CHj)
R N({CH,)Cl
NC NH, XIII CN XIV

treated with boiling sodium hydroxide solution.
Thus, the elements of ethylene glycol were re-
moved and a new cyano group was generated un-
der conditions which would normally hydrolyze a
cyano group to an amide group. This reaction can
be explained, at least in part, by the high degree of
resonance stabilization in the cyanoform anion.

1,1-Diamino-2,2-dicyanoethylenes.—The re-
placement of the alkoxy groups of dicyanoketene
acetals with amino groups appears to be a step-wise
reaction. When the acetals were treated with an
excess of ammonia or of primary or secondary
amine, both of the alkoxy groups were replaced
and 1,1-diamino-2,2-dicyanoethylenes (diamino-
vinylidene cyanides) were formed. Thus, 1,1-
diamino-2,2-dicyanoethylene (XV) resulted when
dicyanoketene diethyl acetal or dicyanoketene
ethylene acetal was boiled with ammonium hy-
droxide.

N(‘l (l)CHz NCII lI\’Hz NC’f IﬁTH
([3=C[ + 2NH; —> CIZ=(I.‘, H(f——CNHz
NC OCH. NC NH: NC

XV XVI

As in the case of 1l-amino-l-ethoxy-2,2-dicyano-
ethylene, spectral data indicated that this com-
pound exists as a tetrasubstituted ethylene (XV)
and not as its tautomer, dicyanoacetamidine
(XVI). A strong ultraviolet absorption maximum
at 2510 A. indicates a high degree of resonance.
Bands due to NH; were observed at 6.04, 3.03 and
3.15 i, and a band at 6.43 u for C=C was present in
the infrared spectrum of XV. Absence of absorp-
tion bands due to CH in the infrared spectrum also
indicates that the tautomeric form XVIis not pres-
ent. Over all, the spectra for XV are very similar
to those observed for l-amino-l-ethoxy-2,2-di-
cyanoethylene.

Substituted 1,1-diamino-2,2-dicyanoethylenes
were prepared from dicyanoketene acetals and
primary and secondary amines. 1,1-Bis-(methyl-
amino)-2,2-dicyanoethylene and 1,1-bis-(dimethyl-
amino)-2,2-dicyanoethylene were formed by treat-
ing dicyanoketene ethylene acetal with methyl-
amine and dimethylamine, respectively. There is
no doubt of the structure of the dimethylamine
derivative, since no tautomer is possible in this
case. Ethylenediamine also reacted with the di-
cyanoketene acetals to form the cyclic diamine, 2-
dicyanomethyleneimidazolidine.

As mentioned earlier, the replacement of the al-
koxy groups of the dicyanoketene acetals with amino
groups appears to be a step-wise reaction. Thus,
it was possible to prepare 1,1-diamino-2,2-dicyano-
ethylenes with different substituents on each
amino group. The reaction of 1l-ethoxy-1-methyl-
amino-2,2-dicyanoethylene with ammonia resulted
in the formation of l-amino-2-methylamino-2,2-
dicyanoethylene, and 1l-amino-1l-ethoxy-2,2-dicy-
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anoethylene and piperidine gave l-amino-1-piperi-
dino-2,2-dicyanoethylene.

Partially hydrolyzed derivatives of 1,1-diamino-
2,2-dicyanoethylene and 2-dicyanomethyleneimida-
zolidine were formed by boiling these compounds
in aqueous sodium hydroxide solution. Although
these derivatives were not conclusively identified,
examination of their infrared spectra indicates that
they probably possess the tautomeric structures
XVII or XVIII.

0] OH
NC NHR HzN(H) NHR HzNC| NR
R S A
NCli I[\THR ll\'C ‘NHR N(IZ I\'IHR

XVII XVIII

The 1,1-diamino-2,2-dicyanoethylenes in gen-
eral are very stable high-melting, neutral white
solids. The 1,1 - diamino - 2,2 - dicyanoethylene
differs sharply from the known 1,2-diamino-1,2-
dicyanoethylene with which it is isomeric. For ex-
ample, 1,1-diamino-2,2-dicyanoethylene is stable
at its melting point (236-238°) and shows a pH of
about 7 in aqueous solution, whereas the isomeric
tetramer of hydrogen cyanide, variously described
as 1,2-diamino-1,2-dicyanoethylene or 1,2-dicyano-
l-amino-2-iminoethane (or an equilibrium mix-
ture of the two) decomposes at its melting point
(180°)¢ and is monobasic and forms a stable momno-
hydrochtoride which can be isolated readily.”

The stability of the 1,1-diamino-2,2-dicyano-
ethylenes can be explained by assuming that the
two cyano groups induce a positive charge on the
carbon to which the amino groups are attached.
Thus, the (CN);C=C< group would be somewhat
analogous to the O=C< group in its electron-
shifting effects, and 1,1-diamino-2,2-dicyanoethyl-
ene would be analogous to urea, in which two amino
groups are also attached to a positive carbon. If
this were true, 1,1-diamino-2,2-dicyanoethylene
should undergo some of the same reactions that
urea does. The diaminodicyanoethylene does in-
deed react with ethyl malonate to give 2-dicyano-
methylene - 4,6 - dioxohexahydropyrimidine (XIX),
This reaction is formally analogous to the reaction
of urea with ethyl malonate to give barbituric acid.

0
]
NC NH, cﬁﬁsoc\ NC NHCO
N
C=C + CH, —> C=C CH,
L) / L) 7
NC NH, cszoﬁ NC NHCO
o) XIX

“Inner-salt’’ Compounds,—The dicyanoketene
acetals can act as alkylating agents, similar in fash-
ion toalkyl sulfates. The product from the reaction
of dicyanoketene dialkyl acetals with tertiary
amines are mostly oils (probably quaternary am-
monium salts of alkyl dicyanoacetates) which could
not be distilled or crystallized. However, reaction
of the dicyanoketene cyclic acetals with tertiary

(6) D. W. Woodward, U. S. Patent 2,499,441 (1950).

(7) L. E. Hinkel, G. O. Richards and O. Thomas, J. Chem. Soc.
1436 (1937).
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amines produced stable, crystalline inner-salt
compounds. For example, the reaction of dicyano-
ketene ethylene acetal with triethylamine produced
a nearly quantitative yield of 2,2-dicyano-1-
[2-(triethylammonio)-ethoxy |-ethenolate (XX).8

S T

$=c|:’ + N(Et); —> c=c|:

NC OCH, NC OCH:CH,N *(Et);
XX

Several other derivatives of this type have been
prepared from both the ethylene and trimethylene
acetal of dicyanoketene, and these products are
listed in Table I. The adducts were formed by
simply dissolving the amine and the cyclic acetal
in a mutual solvent and allowing them to react
spontaneously. In most cases, the adduct pre-
cipitated from the solution in a few minutes. The
rate of the reaction appeared to increase with in-
creasing base strength of the amine used. Tri-
ethylamine reacted almost instantaneously, whereas
less basic amines, such as a-bromopyridine, reacted
much more slowly.

The structure of these adducts was assigned on
the basis of their hydrolytic degradation products
and their infrared absorption spectra. The hydrol-
ysis of the pyridine—dicyanoketene ethylene acetal
adduct (XXI) with dilute hydrochloric acid pro-
duced the 1-(2-hydroxyethoxy)-pyridinium cation
XXII, which was isolated as a reineckate salt.
This indicates that a new carbon-nitrogen bond
is formed in the reaction of the amine with the
acetal. The infrared spectra of all of the cyclic
acetal-amine adducts show a strong absorption

e
C=C

[ H+

NC OCH.CH»*N7Z S —» HOCH,CH*N7
XXI XXII
1
~N=C=CCOCH,CH,*N” >

NC O

L CN  XXIb
-C—COCH,CH:*N, > <>
NC XXIa

band between 6.00 and 6.05 y, an indication that
the C=C double bond is hybridized to some ex-
tent with a carbonyl group. Thus, these adducts
are mesoionic compounds® in that they are not well
represented by an ordinary covalent structural
formula but are more accurately portrayed as res-
onance hybrids of more than one ionic formula.
While XXIT is probably the predominant form, this
compound is stabilized by resonance with other

(8) In naming the ‘inner-salt’”’ compounds described in this paper,
we have adopted the name ““ammonio’’ for the R3N *- subsequent group
and the name ‘““sulfonio’’ for the RS *— substituent group, according to
the suggestion of J. ¥, Bunnett, et al., THis JoUurRNAL, 75, 642 (19583).
Analogously, the —SC(NHs)s* substituent group is called “isothio-
uronio’’ and the HyN=="* substituent group is called “imidio.”’

(9) W. Baker, W. D. Ollis and V. D. Poole, J. Chem. Soc., 307
(1949).
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forms (XXIa, XXIb) which possess a carbonyl
structure.

The 2,2-dicyano-1-(ammonioalkoxy)-ethenolates
are stable, white crystalline solids characterized
by relatively high melting points. Most of them
are very soluble in hot water, but only slightly
soluble in cold water and most organic solvents.

The dicyanoketene cyclic acetals are also suffi-
ciently strong alkylating agents to react with simple
alkyl sulfides. Stable inner-salt compounds were
formed from the reaction of dicyanoketene ethylene
acetal with methyl and ethyl sulfide and from di-
cyanoketere trimethylene acetal and methyl sulfide.
Other sulfur-containing compounds, including thio-

NC OCH, NC O-
LN CHsSCH; | |
¢ e S
NC oCH, NC OCH:CH,CH,S*(CHi)

urea, thioamides and thiosemicarbazide also re-
acted with the dicyanoketene cyclic acetals to give
stable mesoionic compounds. These products pos-
sess even more ionic resonance forms than the prod-
ucts from the amines and sulfides. Thus a total
of twelve resonance forms may be written for
2,2 - dicyano - 1 - [2 - (S - isothiouronio) - ethoxy |-
ethenolate (XXIII), the product from the reaction
of dicyanoketene ethylene acetal and thiourea,
since in addition to the resonating negative charge,
the positive charge can be written on either the sul-
fur or the nitrogen atom (as in XXIIIa and b).

e LT
CIZC +T’H2 <> Cr—(‘)
| i :‘
XXIIIa XXIIIb

The mesoionic compounds prepared from sulfides,
thiourea and thioamides are all stable crystalline
compounds the properties of which closely resemble
those of the products prepared from the tertiary
amines, although they are somewhat less stable.
However, one interesting difference was noted.
The sulfur-containing mesoionic compounds fluo-
resce when excited by X-rays.

Experimental

Dicyanoketene Dimethyl Acetal.—A solution of 6.4 g.
(0.05 mole) of tetracyanocethylene and 1.0 g. of urea (cata-
lyst) in 25 ml. of methyl alcohol was heated on a steam-bath
until the deep purple color whicl formed at first had faded
to light yellow. Two hundred ml. of dry ether was added,
and the solution was cooled to —80°. The precipitate
which formed was collected and recrystallized from ether,
There was obtained 3.4 g. (5607, yield) of dicyanoketene di-
methyl acetal in the form of white ncedles, m.p. 50-51°.

Anal. Caled, for CﬁHsNzOzi C, 5217, H, 438, N,
20.28. Found: C, 51.99; H, 4.53; N, 20.17.

Dicyanoketene Diethyl Acetal. —A solution of 6.4 g.
(0.05 mole) of tetracyanoethylene and 3.0 g. of urea in 50
ml. of ethyl alcohol was warmed over a steam-bath until the
initial deep purple color of the solution had faded to yellow.
The solution was cooled and poured into 500 ml. of cold
water. The oil which separated solidified upon standing
a few minutes. The solid was collected on a filter and re-
crystallized from alcohol-water. There was obtained 6.0
g. (729% vyield) of dicyanoketene diethyl acetal as white
needles, m.p. 58-59°.

Anal.  Caled. for CiH,)N:Q.: C, 57.82; H, 6.07; N,
16.86. Found: C, 57.91; H, 6.20; N, 16.90.

Dicyanoketene Cyclic Acetals.—The dicyanoketene cycelic
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acetals were prepared from the reaction of tetracyanoethyl-
ene with a 1,2- or 1,3-diol. In a typical example, a mixture
of 6.4 g. (0.05 mole) of tetracyanoethylene, 1.0 g. of urea
and 12 ml. of ethylene glycol was heated over a steam-bath
until solution was complete. This mixture was cooled and
poured into 500 ml. of cold water. The precipitate was
collected on a filter (6.4 g., 949, yield) and recrystallized
from alcohol-water. There was obtained 4.62 g. of di-
cyanoketene ethylene acetal in the form of white needles,
m.p. 113-114°.

Anal. Caled. for C¢HiOaNa:
20.59; mol. wt. 136. Found:
20.65; mol. wt., 135, 137.

Dicyanoketene trimethylene acetal, white needles, m.p.
119-120°, was obtained in a similar manner from tetracyatio-
ethylene and trimethylene glycol.

Anal. Caled. for G;HO:N2: C, 56.01; H, 4.03; N,
18.67; mol. wt., 150. Found: C, 56.13; H, 4.28; N.
18.76; mol. wt., 151.

Dicyanoketene propylene acetal (2-dicyanomethylene-4-
methyl-1,3-dioxolane), white needles, m.p. 60-61°, was ob-
tained from tetracyanoethylene and propylene glycol.

Anal. Caled. for C/HgO:Ns: C, 56.01; H, 4.03; N,
18.67. Found: C, 55.97; H, 4.08; N, 18.72.

2-Dicyanomethylene-1,3-dioxaspiro[5.5]undec-7-ene.—
A mixture of 28.4 g. (0.2 mole) of 3-cyclohexene-1,1-di-
methanol,* 25.6 g. (0.2 mole) of tetracyanoethylene, 2.0 g.
of urea and 100 ml. of tetrahydrofuran was heated on a
steam-bath until all solids went into solution (about 10
minutes). The solution was cooled and diluted with 200
m}. of water. The precipitate that formed was collected
on a filter, washed with water, and recrystallized from alco-
hol. There was obtained 27.5 g. of 2-dicyanomethylene-
1,3-dioxaspiro[5.5]undec-7-ene in the form of white needles,
m.p. 160-161°.

Anal. Caled. for C12H12N2022 C, 66.64; H, 5.60; N,
12.96. Found: C,66.78; H, 5.59; N, 13.07.

Saponification of Dicyanoketene Dimethyl Acetal.—A
mixture of 2.432 g. (0.0176 mole) of dicyanoketene dimethyl
acetal and 17.30 ml. (0.0176 mole) of 1.018 N sodium hy-
droxide solution was warmed gently until solution was com-
plete. The water was evaporated under reduced pressure,
and the residue was recrystallized from a small amount of
water. There was obtained 1.5 g. of white needles, m.p.
<300°. The X-ray diffraction pattern and infrared absorp-
tion spectrum of this material were identical with those of
an authentic sample of the sodium salt of methyl dicyano-
acetate prepared from the reaction of sodiomalonitrile and
methyl chloroformate.?

Reaction of Dicyanoketene Diethyl Acetal with Hydrogen
Chloride.—A solution of 1.0 g. of dicyanoketene diethyl
acetal in 20 ml. of anhydrous ether was saturated with dry
hydrogen chloride gas. A white crystalline precipitate
formed when the solution was allowed to stand at room
temperature overnight. The ether was removed by evapo-
ration, and the residue was recrystallized from ethyl alco-
hol. There was obtained 1.0 g. of l-cvano-2-hydroxy-2-
ethoxyacrylimidyl chloride (or tautomer) in the form of
white prisms, m.p. 169-170°. This material gave a deep
red color with alecoholic ferric chloride and an immediate
precipitate of silver chloride with alcoholic silver nitrate.

C, 52.94; H, 2.96; N,
C, 52.94; H, 3.05; N,

Anal. Caled. for CH;N:ClO.: C, 41.27; H, 4.04; N,
16.05; Cl, 20.31. Found: C, 41.21; H, 4.10; N, 16.13;
Cl, 20.25.

Reaction of Dicyanoketene Ethylene Acetal with Hydro-
gen Chloride.—A solution of 2.0 g. of dicyanoketene ethyl-
ene acetal in 20 ml. of acetone was saturated with dry hydro-
gen chloride gas and allowed to stand at room temperature
for 2 days. The solution was evaporated to dryness and
the dark residue was recrystallized from ethyl acetate-un-
hexane (decolorizing charcoal). There was obtained 1.5

. of l-cyano-2-hydroxy-2-(2-chloroethoxy)-acrylimidyl
chloride (or tautomer) as white plates, m.p. 133-134°.

Anal. Caled. for CeHsN0:Cl: N, 13.40; Cl, 33.92.
Found: N, 13.51; Cl, 33.89.

1-Amino-1-alkoxy-2,2-dicyanoethylenes.—Four l-amino-
l-alkoxy-2,2-dicyanoethylenes were prepared by the reac-
tion of a dicyanoketene acetal with a molecular equivalent

(10) Obtained from Carbide and Carbon Chemica! Co.
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of aqueous ammonia or methylamine. In a typical example,
a mixture of 5.65 g. (0.034 mole) of dicyanoketene diethyl
acetal, 30 ml. of water and 8.00 ml. (0.034 mole) of 4.25 NV
ammonium hydroxide was heated to boiling. The crystals
which separated upon cooling were collected on a filter,
washed with water, and recrystallized from ethyl alcohol.
There was obtained 3.1 g. (67% yield) of 1-amino-1-ethoxy-
gézﬁ-gmyanoethylene in the form of white needles, m.p. 225-

Anal.
30.64.

Caled. for CeH;N;O: C, 52.54; H, 5.15; N,
Found: C, 52.84; H, 5.20; N, 30.65.
1-Ethoxy-1-methylamino-2,2-dicyanoethylene, white
plates, m.p. 98-99°, was prepared (969, yield) in a similar
manner from dicyanoketene diethyl acetal and aqueous
methylamine,

Anal. Caled. for C:HgN;O: C, 55.62; H, 6.00; N,
27.80. Found: C, 55.56; H, 6.11; N, 27.74.

1-Amino-1-(2-hydroxyethoxy)-2,2-dicyanoethylene, white
needles, m.p. 164~165°, was prepared (609, vield) in a
similar manner'from dicyanoketene ethylene acetal and
aqueous ammonia.

Amnal. Caled. for CeH,N;O0.: C, 47.05; H, 4.61; N,
27.44. Found: C, 47.34; H, 4.69; N, 27.58.
1-Amino-1-(3-hydroxypropoxy)-2,2-dicyanoethylene,
white plates, m.p. 166-167°, was prepared (669, yield) in a
similar manner f;om dicyanoketene trimethylene acetal and
aqueous ammonia.

Anal. Caled. for C;HgN3;O.: C, 50.29; H, 5.43; N,
25.14. Found: C, 50.30; H, 5.52; N, 25.10.

Reaction of 1-Amino-1-(2-hydroxyethoxy)-2,2-dicyano-
ethylene with Sodium Hydroxide.—A solution of 4.680 g.
(0.0361 mole) of 1-amino-1-(2-hydroxyethoxy)-2,2-dicyano-
ethylene in 36.0 ml. (0.0361 mole) of 1.002 N sodium hy-
droxide was heated to reflux for 10 minutes and then allowed
to stand at room temperature overnight. The solution was
filtered and 5 g. of tetramethylammonium chloride in 10
ml. of water was added to the filtrate, The solution was
cooled and the precipitate which formed was collected on a
filter (ca. 1.0 g.) and recrystallized from ethyl alcohol.
There was obtained 0.5 g. of the tetramethylammonium
salt of cyanoform as white needles, m.p. 239-241°,

Anal. Caled. for CsHsNy: C, 58.51; H, 7.37; N, 34.12.
Found: C, 58.35; H, 7.29; N, 33.93.

An authentic sample of the tetramethylammonium salt of
cyanoform was prepared for comparative purposes from a
concentrated aqueous solution of the potassium salt" and
tetramethylammonijum chloride. After two recrystalliza-
tions from water, the tetramethylammonium salt of cyano-
form was obtained as long white needles, m.p. 240-241°.
The infrared spectra of both samples of the tetramethyl-
ammonium salt were identical.

Anal. Found: C, 58.48; H, 7.38; N, 34.11.

1,1-Diamino-2,2-dicyanoethylene.—A mixture of 13.6 g.
(0.1 mole) of dicyanoketene ethylene acetal and 50 ml. of
coned. ammonium hydroxide was heated under reflux for
10 minutes, and then allowed to stand overnight. The
white crystalline plates that formed were collected on a
filter, washed with water, and recrystallized from water.
There was obtained 10.0 g. (93%) of 1,1-diamino-2,2-dicy-
anoethylene as white needles, m.p. 236-238°. X-Ray dif-
fraction patterns of the crude plates and the recrystallized
needles were identical. 1,1-Diamino-2,2-dicyanoethylene
was also prepared similarly from dicyanoketene dimethyl
acetal and ammonia.

Anal. Caled. for C;HNy: C, 44.44; H, 3.73; N, 51.82,
Found: C, 44.34; H, 3.86; N, 51.67.

1,1-Diamino-2,2-dicyanoethylene was hydrolyzed by dis-
solving 1.0 g. in 10 ml. of hot 10% sodium hydroxide and
boiling for 5 minutes. The white precipitate that formed
on cooling was collected on a filter, washed with water, and
recrystallized from water. There was obtained 0.7 g. (609,
vield) of 1,1-diamino-2-cyano-2-carbamylethylene in the
form of long white needles, m.p. 204-205°.

Anal. Caled., for CH¢NO: C, 38.09; H, 4.80; N,
44,43, Found: C, 38.44; H, 4.70; N, 44.68.

1,1-Bis-(methylamino)-2,2-dicyanoethylene.—A mixture
of 1.36 g. (0.01 mole) of dicyanoketene ethylene acctal and

(11) E. Cox and A. Fontaine, Bull. soc. chim. France, 948 (1954).
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2 ml. of 259, aqueous methylamine solution was heated to
boiling until all of the solid had dissolved. The precipitate
that formed upon cooling was collected on a filter, washed
with water and recrystallized from a very small amount of
water. There was obtained 0.4 g. (309, yield) of 1,1-bis-
(methylamino)-2,2-dicyanoethylene in the form of white
needles, m.p. 160-163°.
Anal. Caled. for CeHgN: C, 52.93; H, 5.92; N, 41.15.
Found: C, 53.08; H, 6.05; N, 41.29.
1,1-Bis-(dimethylamino)-2,2-dicyanoethylene.—A solu-
tion of 1.36 g. (0.01 mole) of dicyanoketene ethylene acetal
in 20 ml. of dimethylamine was allowed to evaporate over-
night at room temperature. The residue was dissolved in
10 ml. of hot water and heated on a steam-bath for 10
minutes. The white needles that formed upon cooling were
collected on a filter, washed with water, and recrystallized
from water. There was obtained 0.85 g. (52% yield) of
1,1-bis-(dimethylamino)-2,2-dicyanoethylene in the form
of long white needles, m.p. 129-130°.
Anal. Caled. for CsHsNy: C, 58.51; H, 7.37; N, 34.12.
Found: C, 58.55; H, 7.21; N, 34.06.
2-Dicyanomethyleneimidazolidine.—Ethylenediamine
(1.20 g., 0.02 mole) was added dropwise to a solution of
2.72 g. (0.02 mole) of dicyanoketene ethylene acetal in 25
ml. of tetrahydrofuran. The mixture became warm, and
a light yellow precipitate formed. The precipitate was col-
lected ou a filter, washed with tetrahydrofuran, and recrys-
tallized from water. There was obtained 2.1 g. (799, yield)
of 2-dicyanomethyleneimidazolidine in the form of white
prisms, m.p. 279-280°.
Amnal. Caled. for CeHyNy: C, 53.72; H, 4.51; N, 41.77.
Found: C, 54.01; H, 4.51; N, 41.65.
2-Dicyanomethyleneimidazolidine was hydrolyzed in
aqueous alkali as follows. A mixture of 2.0 g. of 2-dicyano-
methyleneimidazolidine and 20 ml. of 109, sodium hydrox-
ide was heated under reflux for 1 hour. All of the solid
went into solution, The white precipitate that formed upon
cooling was collected on a filter, washed with water, and re-
crystallized from 20 ml. of 109, sodium hydroxide solution.
There was obtained 1.6 g. of 2-(carbamylcyanomethylene)-
imidazolidine as long white needles, m.p. 241-243°.
Anael. Caled. for CeHgN.O: C, 47.36; H, 5.30; N,
36.83. Found: C, 47.39; H, 5.15; N, 36.84.
1-Amino-1-methylamino-2,2-dicyanoethylene.—A solu-
tion of 0.75 g. (0.005 mole) of 1-ethoxy-1-methylamino-2,2-
dicyanoethylene in 10 ml. of concd. ammonium hydroxide
was heated under reflux for 10 minutes. The solution was
cooled, and the white solid that precipitated was collected
on a filter, washed with water, and recrystallized from water.
There was obtained 0.51 g. (849, yield) of 1-amino-1-methyl-
amino-2,2-dicvanoethylene in the form of white prisms,
m.p. 198-200°.
Anal, Caled. for CsHeNa: C, 49.17; H, 4.95; N, 45.88.
Found: C, 49.18; H, 4.99; N, 45.60.
1-Amino-1-piperidino-2,2-dicyanoethylene.—A mixture
of 0.68 g. (0.005 mole) of 1-amino-1-ethoxy-2,2-dicyanoethyl-
ene, 0.43 g. (0.005 mole) of piperidine and 5 ml. of water
was heated under reflux for 30 minutes. The precipitate
that formed upon cooling was collected on a filter, washed
with water, and recrystallized from water. There was ob-
tained 0.53 g. (609, yield) of l-amino-1-piperidino-2,2-di-
cyanoethylene as white needles, m.p. 160-161°.
Anal. Calced. for CgH;:Ny: C, 61.34; H, 6.87; N, 31.80.
Found: C, 61.58; H, 7.02; N, 31.54.
2-Dicyanomethylene-4,6-dioxohexahydropyrimidine Di-
hydrate.—A solution prepared by dissolving 2.3 g. (0.1 gram
atom) of sodium and then 16.0 g. (0.1 mole) of diethyl ma-
fonate and 10.8 g. (0.1 mole) of 1,1-diamino-2,2-dicyano-
ethylene in 200 ml. of ethyl alcohol was heated to reflux for
2 hours. The solution was cooled and the white precipitate
that formed was collected on a filter and washed with ether.
There was obtained 12.2 g. of a white powder that contained
sodium, ‘This powder was dissolved in 100 ml, of water and
50 ml. of 5% hydrochloric acid solution was added. The
white needles that separated upon acidification were col-
lected on a filter and thoroughly washed with water. There
was obtained 8.1 g. of 2-dicyanomethylene-4,6-dioxohexa-
hydropyrimidine dihydrate in the form of off-white needles
that did not melt below 300° but lost water when heated
above 120°. This compound was not soluble in water,
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ethyl alcohol or acetone, but was very soluble in 5%, sodium
bicarbonate solution.

Anal. Caled. for C;H;N;0.-:2H,0: C, 39.63; H, 3.80;
N, 26.40. Found: C, 39.72; H, 3.91; N, 26.50.

2,2-Dicyano-1-alkoxyethenolate Inner-salts.!2—The inner-
salts listed in Table I were all prepared by the same general
procedure., The base (amine, sulfide, thiourea or thioamide)
and the dicyanoketene cyclic acetal were dissolved in a mu-
tual solvent and allowed to react spontaneously. In many
cases, crystals of the inner-salt precipitated from the solu-
tion after standing only a few minutes. The more basic
reagents, such as the trialkylamines, reacted almost in-
stantaneously with the cyclic acetal, whereas less basic re-
agents such as the sulfides required a longer period of time
(1 or 2 days).

In a typical example, a solution of 10.1 g. (0.1 mole) of
triethylamine and 13.6 g. (0.1 mole) of dicyanoketene ethyl-
ene acetal in 50 ml. of tetrahydrofuran was allowed to stand
at room temperature for 10 minutes. The white precipitate
that formed was collected on a filter, washed with ether,
and recrystallized from water. There was obtained 23.0 g.
of 2,2-dicyano-1-[2-(triethylammonio }-ethoxy]-ethenolate in
the form of white needles, m.p. 184-186° (see Table I).

1-(2-Hydroxyethyl)-pyridinium Reineckate.—A solution

(12) W. J. Middleton, U. S. Patent 2,721,206 (1955); and V. A,
Engelhardt and W. J. Middletoa, U. S. Patent 2,766,270 (1956).
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of 3.54 g. (0.01 mole) of the reinecke salt in 50 ml. of water
was mixed with a solution of 1.6 g. (0.01 mole) of 1-(2-hy-
droxyethyl)-pyridinium chloride!? in 10 ml. of water. The
pink precipitate which formed was collected on a filter,
washed with water, and recrystallized from acetone-water.
There was obtained 5.0 g. of 1-(2-hydroxyethyl)-pyridinium
reineckate in the form of lavender flakes, m.p. 186-192°
dec.

Anal. Calea for CyHeN;S,0Cr; C, 29.85; H, 3.66; N,
22.15. Found: . 30.14; H, 3.82; N, 22.20.

Hydrolysis o1 2,2-Dicyano-1-[2-(1-pyridinio)-ethoxy]-
ethenolate.—2,2-Dic_ \no-1-[2-(1-pyridinio)-ethoxy]-ethen-
olate (2.15 g., 0.01 mo. ') was dissolved in 20 ml. of 5 N hy-
drochloric acid and the . lution was heated under reflux for
30 minutes. The solutic was cooled and mixed with a
filtered solution of 3.54 g. \ .01 mole) of the reinecke salt
in 50 ml. of water. The pin: wrecipitate which formed was
collected on a filter, washed w "h water, and recrystallized
from acetone-water. There wa: “btained 4.0 g. of a rein-
eckate salt in the form of lavenc ~ flakes, m.p. 186-189°
dec. The X-ray diffraction pattern ud infrared absorption
spectrum of this product are identic. ' with those of 1-(2-
hydroxyethyl)-pyridinium reineckate.

(13) O. A. Barns and R. Adams, THiS JoOURNAL, 49, 1311 (1927).
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Cyanocarbon Chemistry. V.! Cyanocarbon Acids and their Salts

By W. J. MippLETON, E. L. LiTTLE, D. D. COoFFMAN AND V. A, ENGELHARDT
RECEIVED NOVEMBER 14, 1957

A number of new cyanocarbon acids and their salts have been prepared from tetracyanoethylene. 1,1,2,3,3-Pentacyano-
propene was prepared by the basic hydrolysis of tetracyanoethylene, 1,1,2,4,5,5-hexacyano-3-azapentadiene was prepared
from tetracyanoethylene and ammonia, and salts of the dibasic acid 1,1,2,5,6,6-hexacyano-3,4-diazahexadiene were prepared
from tetracyanoethylene and hydrazine. 2-Dicyanomethylene-1,1,3,3-tetracyanopropane, another dibasic acid, was
prepared by the reaction of dicyanoketene acetals with malononitrile. These four strongly acidic compounds ionize to
give resonance-stabilized anions that are comprised entirely of carbon and nitrogen. Several strongly acidic tetracyano-
propenes have been prepared from the dicyanoketene acetals derived from tetracyanoethylene. 2-Alkoxy-1,1,3,3-tetra-
cyanopropenes were obtained from the reaction of these acetals with one equivalent of malononitrile. Reaction of the al-
koxypropenes with ammonia, methylamine or dimethylamine resulted in the preparation of 2-amino-1,1,3,3-tetracyano-

propenes.
produced 2-chloro- or 2-bromo-1,1,3,3-tetracyanopropene,

Cyanocarbon acids are a relatively unknown
class of strong organic acids whose acidic strengths
rival those of the mineral acids. Cyanocarbon
acids can be defined as organic compounds that
contain a plurality of cyano groups and are easily
ionized to hydrogen ions and anions of high reso-
nance stability. The structure of these anions can
be represented by a number of resonance forms, all
of which contain the negative charges on either
carbon or nitrogen. Of the known cyanocarbon
acids, tricyanomethane (cyanoform)? is of interest
since its anion I contains only carbon and nitrogen.

(|:N (IZN
NC—CO <> NC—C=C=NS
CN I

Salts of five other cyanocarbon acids, 1,1,3,3-

(1) Paper IV, W. J. Middleton and V. A, Engelhardt, THIS JOUR-
NAL, 80, 2788 (1958).

(2) (a) A. Hantzsch and G. Oswald, Ber., 32, 641 (1809); H.
Schmidtmann, #bid., 29, 1171 (1896); L. Birkenbach and K. Huttner,
ibid., 64B, 153 (1929); L. Birkenbach, K. Huttner and W. Stein,
ibid., 62B, 2065 (1929); (b) E. Cox and A. Fontaine, Bull. soc. chim.
France, 948 (1954).

Diazotization of 2-amino-1,1,3,3-tetracyanopropene with nitrous acid in the presence of chloride or bromide ion

tetracyanopropene,® 2-methyl-1,1,3,3-tetracyano-
propene,* 1,1,5,5-tetracyanopentadiene, 1,1,7,7-tet-
racyanoheptatriene and 1,1,9,9-tetracyanononatet-
raene,’ have been reported but have not been ex-
tensively studied. A number of new cyanocarbon
acids and their salts have been synthesized from
tetracyanoethylene, and this paper describes their
preparation and some of their physical and chemi-
cal properties.

1,1,2,3,3-Pentacyanopropene.—Salts of 1,1,2,3,3-
pentacyanopropene were formed by the reaction
of tetracyanoethylene with water in the presence
of a base. Thus, pyridinium pentacyanopro-
penide® was formed in 819, yield when a solution of

(8) Y. Urushibara, Bull. Chem. Japan, 2, 278 (1027); C. A., 22,
579 (1928).

(4) Y. Urushibara and M. Takebayashi, Bull. Chem. Soc. Japan,
11, 557 (1936); C. 4., 31, 1769 (1937).

(5) M. Strell, et al., Ann., 587, 177 (1054).

(6) There appears to be no widely used general method for naming
salts of mon-carboxylic organic acids. This problem is usually over-
come by merely specifying the ‘“‘salt of’’ a given acid. However, this
method can be ambiguous in cases where there is more than one type of
hydrogen present in the acid molecule, ¢.g., C(CN)+=C(CH:CH:;OH)-
C(CN):H. There is a need for a systematic method of nomenclature
for the salts of non-carboxylic organic acids whose acidic hydrogens



