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N-Alkylformimidoyl Cyanides and Isocyanides!
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Abstract: An N-chloro derivative (11), from an N-alkylaminoacetonitrile (10) and calcium hypochlorite, was dehydrochlori-
nated by calcium hydroxide into (£)- and (Z)-N-alkylformimidoyl cyanides (2) and the isomeric isocyanide 12; similar
dehydrochlorination gave an N-alkylchloroformimidoyl cyanide (13) from the «,/N-dichloro-N-alkylaminoacetonitrile. Both
diethyl azodicarboxylate and o-chloranil dehydrogenated the amine 10d (R = (CH3)3C) into the imidoyl cyanide 2d (R =
(CH3)3C), but gave intractable mixtures with 10b (R = C3Hs) and 10¢ (R = (CH3)2CH); aminoacetonitrile and diethyl
azodicarboxylate gave V,N’-dicyanomethylazodicarboxamide. Stannic chloride, and other Lewis acids, catalyzed the dimeri-
zation of 2 into an N,V'-dialkylaminomaleonitrile (19), but did not dimerize an N-alkylacetimidoyl cyanide (14).

Identification of a dimer of hydrogen cyanide as formi-
midoy! cyanide (1) was justified by the kinetic requirement
for the combination of a cyanide anion and hydrogen cya-
nide to be rate determining in tetramerizing the latter at
pH 9.2 into diaminomaleonitrile (3).2-4 Formation of a
mono-N-alky! derivative 4 of the tetramer 3 from an N-alk-
ylformimidoy! cyanide (2) and 2 mol of hydrogen cyanide,
and the photoisomerization of both 3 and 4 into the corre-
sponding 4-amino-5-cyanoimidazole § and 6 confirmed this
structural assignment for (HCN),.5-7 Addition of hydrogen
cyanide transformed 5 into adenine® (7), but a similar
transformation was unavailable to 6.

NH,
N
NC

H,NCCN N
RN=CHCN O RNH[I‘? Nk/ [
LR=H RNHCCN l SN N

2 R=alkyl 3 R=H H |
4, R=alkyl 5 R=H H

6, R =alkyl 7

Formimidoy! cyanide (1) was first obtained from azidoa-
cetonitrile (8) by the photoelimination of nitrogen at 77 K.
A slow change has been attributed to photoisomerization at
77 K into formimidoy! isocyanide (9).3-!' At room temper-
ature, photolysis of the azide 8 gave hydrogen cyanide
(27%), adenine (7) in low yield, and 1 as a transient detect-
ed by infrared spectroscopy.®

hy hy hy
7 «— N3;CH>CN —>» 1 —» HN=CHNC,
250 8 77K 77K 9

Heretofore, N-alkyl derivatives 12 of formimidoyl isocy-
anide (9) were unknown. Photoisomerization of cyanide 2
into isocyanide 12 was reported in error 8

Results and Discussion

An N-alkylaminoacetonitrile (10) and calcium hypochlo-
rite below 25° gave an N-chloro-N-alkylaminoacetonitrile
11. Near 40° the N-chloro compound (11) reacted slowly
with calcium hypochlorite to give an «,N-dichloro-N-alk-

Ca(OCl)2
RNHCH,CN —>
10
RN(CI)CH,CN + [RN(CI)CH(CICN]
1
1 9 RN—CHCN + RN—CHNC
~HCI 2 12

Ca(OH)2
[RN(CI)CH(CHCN] —»> RN=C(CI)CN
~HCI
13
a, R =CH;;b,R = C;Hs; ¢, R =i-C3H7;d, R = t-C4Hy

ylaminoacetonitrile. Dehydrochlorination by calcium, lithi-
um, sodium, or barium hydroxide transformed 11 into an
N-alkylformimidoyl cyanide (2) sometimes contaminated
with traces of the corresponding /N-alkylformamide and N-
alkylchloroformimidoyl cyanide (13). Optimum yields of 2
[R = CH3 (25%), CH3CH; (50%), (CH3)>,CH (72%), and
(CH3)3C (76%)] were obtained when the last step occurred
under temperatures of 25, 32, 38, and 78°, respectively.

Aminoacetonitrile underwent a similar transformation
into the short-lived formimidoyl cyanide (1) detected by ir
absorption® at 3270 (NH), 2960 (CH), 2205 (C=N), 1605
(>C=N—), 1405, and 1320 cm™!; it rapidly darkened as
polymerization occurred.

The N-alkylformimidoy! isocyanide 12 was also produced
when dehydrochlorination occurred in methylene chloride
at 35°, R = CH3; at 41°, R = C,Hs and (CH3)3CH; and in
carbon tetrachloride at 78°, R = (CH3);C. Dehydrochlori-
nation of 11 with triethylamine gave cyanide 2 but did not
give isocyanide 12.

When N-ethyl- (11b) or N-isopropyl-N-chloroaminoace-
tonitrile (11¢) was treated with an excess of calcium hypo-
chlorite in refluxing methylene chloride for 2 weeks, the
corresponding N-alkylchloroformimidoy! cyanide 13b or
13c¢ was the predominant product along with traces of the
appropriate cyanide 2b or 2c. The similar transformation of
11d — 13d was not detected.
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With the smaller N-alkyl substituents there was a ten-
dency for the cyanide 2 to polymerize; after storage for |
week at room temperature, an analytical sample of N-
methylformimidoy! cyanide (2a) gave a dark brown partial-
ly oxidized oligomer, (C3H4N3);0.

Dehydrochlorination of a-N-chloro-tert-butylaminopro-
pionitrile, obtained from «-N-tert-butylaminopropionitrilest
and tert-butyl hypochlorite, was unsuccessful with triethyl-
amine but with 1,5-diazabicyclo[5.4.0]undec-5-ene (DBU)
gave N-tert-butylacetimidoyl cyanide (14). In contrast with
a slow photodissociation of N-tert-butyliminoacetonitrile
into tert-buty! isocyanide and hydrogen cyanide, the imine
14 was photostable and quantitatively recovered after ex-

CH, CH,
(CH;CN=CCN  (CH,);CNHCCN (CH,);,CNHCOCH,
14 | 16
CH,OC=NH

15

tended irradiation at 254 or 300 nm in cyclohexane. Under
conditions whereby Lewis acids caused formimidoy! cya-
nides 2 to dimerize, the acetimidoy! cyanide 14 remained
unaffected. After storage for 3 months in methanol, the
imine 14 was transformed into a compound tentatively
identified as methyl «-tert-butylamino-a-cyanopropioni-
midate (15). On a silica gel column, 15 hydrolyzed, decar-
boxylated, and lost hydrogen cyanide to give /N-tert-butyl-
acetamide (16), which was eluted.

Diethyl azodicarboxylate and /V-tert-butylaminoacetoni-
trile (10d) gave N-tert-butylformimidoyl cyanide (2d) in
72% yield, but neither N-ethyl- (2b) nor N-isopropyl- (2¢)
nor N-phenylformimidoyl cyanide was detected after simi-
lar treatment of the appropriate amines; N, N’-dicy-
anomethylazodicarboxamide was obtained from aminoace-
tonitrile. Dehydrogenation of 10d with o-chloranil gave 2d
in low yield, but 10b and 10c¢ each gave intractable mix-
tures.

A mixture of 2¢, 12¢, and 13¢, obtained from the ami-
noacetonitrile (10c), was separated by gas chromatography
into the (Z)-imidoyl cyanide 2¢, the imidoyl chlorocyanide
13c, and an inseparable mixture of the (E)-imidoyl cyanide
2¢ and the isomeric (E)- and/or (Z)-imidoyl isocyanide
12¢. Distinct ir absorption for the isocyanide 12¢ at 2120
and for the cyanide 2¢ at 2240 cm™!, and their isomeric re-
lationship established by elemental and mass spectrograph-
ic analysis of the mixture of 2¢ and 12¢, supported their
identification. Similar product mixtures were obtained from
N-ethylaminoacetonitrile (10b). Assuming the bulkier
group (CN) on the imine carbon is preferably anti to the ni-
trogen substituent in each formimidoyl cyanide, the as-
signed stereoisomerism for the imines 2 is supported by
thermodynamic data, ultraviolet absorption, refractive
index, NMR signal positions, and the magnitude of the cou-
pling constants [4J(HCNCH)]!2? (Tables III and IV).

Interconversion between formimidoy! cyanide 2 and iso-
cyanide 12 was not detected in separate experiments under
conditions comparable to their formation, and the isomer-
ization of 12 — 2 at higher temperature was not competi-
tive with polymerization. Although simple 1,2-elimination
may transform 11 into 2, the isomers 2 and 12 can be at-
tributed to the ring-opening of an intermediate zwitterionic
azirinonimine 17 with migration of hydrogen to give 2 after
cleavage by path a and 12 after cleavage by path b. The in-
termediacy of the unknown azirinonimine!! 18 was not de-
tected. The formation of 17 may proceed from an N-chloro-
N-alkylaminoketenimine, in turn produced by the tautom-
erization of 11 in the presence of hydroxide anion but not
triethylamine. Either accompanying or following dehydro-

RN(CI)CH,CN == RN(Cl)CH=C==NH %%L
n -Hel
-5 +é

RN=(C=(C=NH <> RN=(C=(C—NH -—

L —‘—>z+1z
C
X | !

18

chlorination from the tautomer, ring closure with migration
of hydrogen from nitrogen to carbon to give 17 would be fa-
cilitated by a polarization leading to the development of a
zwitterionic nitrenium ion.!3

Photoisomerization of an azirine into both a cyanide and
an isocyanide has been reported,!4 and the intermediacy of
an azirine accounted for the formation of an isocyanide (the
cyanide was also produced) in an abnormal Beckmann rear-
rangement.!> The formation of an organic cyanide from hy-
drogen cyanide and a diazoalkane'® can be explained by

kv or A Z\C/ﬁH —
I S

ZCH,CN + ZCH,NC

ZCHN, + HCN

carbene insertion into the C-H bond; however, the simulta-
neous formation of an isocyanide by carbene insertion into
the N-H bond did not occur since hydrogen isocyanide
could not be present under the conditions of the reaction.!’
Both products can be accounted for by isomerization of an
intermediate azirine produced either directly by the addi-
tion of a carbene to the cyano triple bond or indirectly by
the extrusion of nitrogen after a 1,3-cycloaddition of hydro-
gen cyanide to the diazoalkane.

A polarization leading to the development of a zwitter-
ionic nitrenium ion may also facilitate a dimerization, cata-
lyzed by a Lewis acid, of an N-alkylformimidoyl cyanide 2
into the corresponding N,V'-dialkylaminomaleonitrile 19.

SnCl, +
RN=CHCN === RN—CHCN —

~SnCl,

RN==CHCN
—_—

+ - +
RNHC(CN)SnCl, RN—CHCN ~—

RNHCCN

~SnCl,
+
RNHCCN — RNH("JCN + SnCl,

RNHCCN
19

RNHCCN

~SnCl,

The reaction can be attributed to bonding between a Lewis
acid and the azomethine carbon and migration of a hydride
anion from carbon to nitrogen followed by a similar se-
quence initiated by the newly generated zwitterion and fi-
nally ejection of the Lewis acid catalyst.

Experimental Section

Instruments included Perkin-Elmer grating infrared spectropho-
tometer Model 237B, Varian A-60 and T-60 NMR spectrometers,
Perkin-Elmer 270 mass spectrometer, an AEI Scientific Apparatus
Limited MS-30 double beam mass spectrometer, Varian 1800 gas
chromatograph with flame ionization detector, and a Varian 20 re-
corder with disc integrator, and a Varian 700 autoprep for prepar-
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Table III. N-Alkylformimidoyl Cyanides, RN=CHCN

RNHCN,CN: R; yield %; bp °C (mm); nD °C); v em™ ;6

H;83;81-82 (6.4);9 1.4304 (26); 3390 (NH), 2230 (C=N);b
1.74 (s, 2, NH,) and 3.59 (s, 2, CH )¢

CH,;98;39-40 (2)/4 1.4195 (23); 3280 (NH), 2230 (C=N);¢
1.72 (s, 1, NH), 2.48 (s, 3, CH,) and 3.53 (s, 2, CH,)/

CH,CH,;52-53 (1.0)# 1.4245 (21); 3320 (NH), 2230 (C==N);¢
1.11 (t, 3, CH,CH,, J = 7 Hz), 1.41 (broad, 1, NH), 2.74 (q, 2,
CH,CH,, J = 7Hz) and 3.53 (s, 2, CH,CNY

(CH,),CH; 85;49-~50 (1.3);¢ 1.4253 (22); 3340 (NH), 2230
(C=N);¢ 1.05 (d, 6, (CH,),CH, J = 6 Hz), 1.35 (broad, 1, NH),
3.01 (heptet, 1, (CH,),CH,J = 6 Hz) and 3.53 (d, 2, CH,, J =
6 Hz)/

(CH,),C;72;58-60 (7.0);# 1.4297 (25); 3320 (NH), 2230
(C=N)¢ 1.12 (s, 9, (CH,),C) and 3.48 (s, 2, CH,)/

C.Hg; 87, mp 48°; . . .; 3380 (NH), 2250 (C==N);¢ 3.96 (s, 2, CH,)
and 6.61-7.42 (m, 5, CH,)¢

2A. H. Cook, I. Heilbron, and A. L. Levy, J. Chem. Soc., 201
(1948). 2CH,Cl, solution. ¢ CDCl, solution. 4 A. H. Cook and S. F.
Cox, J. Chem. Soc., 2334 (1949). € Neat. SCCl, solution. £E.
Knoevenagel and E. Mercklin, Chem. Ber., 37, 4087 (1904). B L. J.
Exner, L. S. Luskin, and P. L. deBenneville, J. Am. Chem. Soc., 75,
4841 (1953). {E. Knoevenagel, Chem. Ber., 37, 4073 (1904).

Table II. N-Chloro-N-alkylaminoacetonitriles

RN(CI)CH,CN: R;vem™'; 6

CH,; 2235 (C=N); 2.97 (s, 3, CH,) and 3.89 (s, 2, CH,}a

CH,CH,; 2220 (C=N); 1.16 (t, 3, CH,CH,, / = 7 Hz), 3.10 (q, 2,
CH,CH,,J =7 Hz) and 3.96 (s, 2, CH,)

(CH,),CH; 2230(C==N); 1.22 (d, 6, (CH,),CH; J = 6 Hz), 3.27
(heptet, 1, (CH,),CH,J = 6 Hz) and 3.93 (s, 2, CH )@

(CH,),C; 2250 (C=N); 1,28 (s, 9, (CH,),C) and 3.92 (s, 2, CH,)a

aCCl, solution. ¥ Neat.

ative gas chromatography. At 70 eV, m/e was obtained for the mo-
lecular weights of compounds 2b-d, 13b,c, 15b-d, 16, and for the
mixture of isomers 2b and 12b. Calcium hypochlorite and all chlo-
ramines are potentially explosive compounds.

N-tert-Butylaminoacetonitrile. A mixture of 167 g (1.6 mol) of
sodium bisulfite, 200 ml of water, and 48 g (1.6 mol) of formalde-
hyde (120 ml of formalin) was stirred for 45 min at 70°, treated
with 117 g (1.6 mol) of tert-butylamine added dropwise, heated 45
min at 60°, cooled, treated in the hood with 104 g (1.6 mol) of po-
tassium cyanide in 250 ml of water, stirred for 1.5 hr, and extract-
ed with ether. The organic layer was washed with water, dried over
magnesium sulfate, and concentrated to an oil from which 128.5 g
of N-tert-butylaminacetonitrile was isolated by distillation. In a
similar way, N-ethyl-, N-isopropyl-, and N-phenylaminoacetoni-
trile were obtained. All are described in Table I.

On replacing formaldehyde with acetaldehyde, 61% of a-N-tert-
butylaminopropionitrile was obtained: bp 57-58° (30 mm);!® n22p
1.4253; NMR (CCly) 6 1.13 (s, 9, (CH3)3C), 1.40 (d, 3, CH3CH,
J = 7 Hz), and 3.58 (q, 1, CHCN, J = 6 Hz2); ir (neat) 3330
(NH), 2230 cm™! (C=N).

N-Methylaminoacetonitrile. A mixture of 100.3 g (0.94 mol) of
the hydrochloride (commercially available) of N-methylaminoace-
tonitrile and 105.6 g (1.88 mol) of calcium oxide in 400 ml of
methylene chloride was stirred under reflux for 4 days. A precipi-
tate was washed with methylene chloride. Distillation of an oil ob-
tained by concentrating the combined methylene chloride solutions
gave 60.0 g of colorless N-methylaminoacetonitrile after distilla-
tion. In a similar way, neutralization of its hydrochloride (com-
mercially available) at 25° gave aminoacetonitrile (Table I).

N-tert-Butylformimidoyl Cyanide. A solution of 29.7 g (0.27
mol) of N-tert-butylaminoacetonitrile in 200 ml of methylene
chloride was placed in a 500-ml, three-necked, round-bottom flask
equipped with a Herschberg stirrer and drying tube, cooled with
stirring in an ice bath, and treated with 37.82 g (0.27 mol) of fine-
ly ground calcium hypochlorite and about 5 g of anhydrous calci-
um chloride. As the temperature was held under 25°, the mixture
was stirred for 2 days and filtered. Concentration of a few millili-
ters of the clear filtrate gave N-chloro-/N-tert-butylaminoacetonit-
rile: bp 45° (0.1 mm); however, bulk quantities were not distilled.

R;yield %; E v cm™ (—C=N, >C=N—), § Zvcm™' (—C=N),
>CN—), 8

CH ;b 25,2230, 1630, 3.54 (d, 3, CH;, J = 1.7 Hz¢); 7.39 (q, 1,
N=CH, J = 1.7 Hz¢), 2220, 1615, 3.66 (d, 3, CH,,J = 2.4 Hz¢),
7.39 (q, 1, N=CH, J = 2.4 Hz¢)

CH,CH,d 50;2230, 1625, 1.26 (t, 3, CH,, J = 8 Hz), 3.66 (double
q,2,CH,,J =7 Hz,J=1.25 Hz¢), 7.34 (t,1, N=CH,J = 1.5
Hzc); 2210, 1610, 1.31 (t, 3, CH,, J = 8 Hz), 3.69 (double q, 2,
CH,,J=7Hz,J =21 Hz¢), 7.29 (t, 1, N=CH, J = 2.1 Hz¢)

(CH,),CH@ 72; 2240, 1625, 1.26 (d, 6, (CH,),CH, J = 6 Hz), 3.64
(heptet, 1, (CH,),CH, J = 6 Hz), 7.44 (s, 1, N=CH); 7.44
(s, 1, N=CH); 2220, 1610, 1.28 (d, 6, (CH;),CH), J = 6 Hz),
4.08 (double heptet, 1, (CH,;),CH,J = 6 Hz, J = 1.6 Hz¢), 7.32
(d, 1, N=CH, J = 1.6 Hz¢)

(CH),CA 76; 2230, 1620, 1.22 (s, 9, (CH,),C), 7.37 (s, 1, N=CH);
2210, 1620, 1.41 (s, 9, (CH,),C), 7.48 (s, |, N=CH)

a1r and NMR from CCl, except for neat (CH,),CN=CHCN. b Anal.
Calced for C,H,N,: C, 52.93; H, 5.92; N, 41.15. Found: C, 52.66;
H, 6.03; N, 41.18. ¢For “J(CH=NCH) 1.6 and 1.7 were assigned to
E,2.2 and 2.3 to Z isomers (H. J. C. Yeh, H. Ziffer, D. M. Jerina,
and D. R. Boyd, J. Am. Chem. Soc., 95, 2741 (1973). d References
5and 6.

The major portion of the filtrate was stirred for 5 days with 39.20
g (0.53 mol) of powdered calcium hydroxide and about 5 g of an-
hydrous calcium chloride at reflux (40°) until the chloramine was
not detected by NMR. The mixture was filtered, concentrated, and
distilled to give 22.3 g of colorless N-tert-butylformimidoyl cya-
nide.

Prepared by this procedure, N-chloro-N-alkylaminoacetoni-
triles are described in Table II and N-alkylformimidoyl cyanides in
Tables III and IV. Optimum transformation into an N-alkylformi-
midoyl cyanide required the temperature during dehydrochlorina-
tion to be held under 25, 32, and 38° when the N-alkyl substituent
was methyl, ethyl, and isopropyl, respectively. Each (E)-N-alkyl-
formimidoyl cyanide was obtained by distillation (or evaporation)
of an E-Z mixture at 25-30° (2 mm for 2a, | mm for 2b, 0.2 mm
for 2¢, and 3.0 mm for 2d). A forerun was enriched in (Z)-N-
methylformimidoyl cyanide, but this pure isomer was not isolated.
(Z)-N-Ethyl- and N-isopropylformimidoyl cyanides were obtained
from a corresponding E-Z mixture by distillation at 45° (90 mm)
and at 65° (40 mm), respectively. A mixture of (E)- and (Z)-N-
tert-butylformimidoyl cyanide was obtained when the E isomer
was distilled at 70° (30 mm); on standing at room temperature,
the Z isomer was converted to the E isomer. After 1 week at room
temperature, an analytical sample of N-methylformimidoyl cya-
nide polymerized into a brown viscous oil which gave, without pu-
rification, an elemental analysis in agreement with the monomer
unit (C3H4N3) plus 2.8% oxygen (difference).

After separating each N-alkylformimidoyl cyanide, further dis-
tillation of the pot residue gave small amounts of the correspond-
ing N-alkylformamide, HCONHR (R, yield %, bp °C (mm)):
CH3,'° 7, 46 (0.2); C2Hs,19 3, 62 (0.1); (CH3),CH,19 2, 60 (0.2).
The amount of nondistillable tar increased as the size of the alkyl
group decreased.

To obtain product mixtures of N-alkylformimidoyl cyanide and
isocyanide and N-alkylchloroformimidoyl cyanide, the treatment
with calcium hydroxide occurred at 35° when the alkyl substituent
was methyl, 41° when ethyl or isopropyl. Distillation separated the
mixture of formimidoyl cyanides and isocyanides from solvent and
from tarry residues.

Each mixture of cyanides and isocyanides was separated into
three fractions by gas chromatography using a column of 5% GE-
XE-60 on Chromosorb 60-80 AW DMCS in a stainless steel tube
2.4 m X 6.3 mm. Each (Z)-N-alkylformimidoyl cyanide separated
first followed by the N-alkylchloroformimidoyl cyanide and finally
an inseparable mixture of the (E)-N-alkylformimidoyl cyanide
and the N-alkylformimidoyl isocyanide. On a preparative scale,
the separation isolated (Z)-N-isopropylformimidoyl cyanide, N-
isopropylchloroformimidoyl cyanide (independently prepared, vide
infra), and a mixture of (E)-N-isopropylformimidoyl cyanide and
N-isopropylimimidoyl isocyanide (flow rate 25 ml of He/min, col-
umn at 62°, injection port at 74°, and detector at 90°), for which
13C NMR showed a chemical shift 157.7 ppm downfield from
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Table IV. (E)- and (Z)-N-Alkylformimidoyl Cyanides, RN=CHCN (2)4
R H H
~ ~ k, e
N=C\ - /N=C\
CN ” CN
VA
k/k, AGHAGE, Keq AG®,
NMR 8 (sec™) kJ X kJ Uvaps ()P n*'D
Compd R signals E/Z T,°C X 10-% mol ! 10* mol-! E/z E/Z
2a CH, 37 62 1.3 276.6 (85)c 1.4160¢
2b CH,CH, CCH, 1.34d 38 2.5 103.7 36 2.7 277.5 (17) 1.4226
1.394 7.0 100.7 284.5 (192) 1.4173
2 (CH,),CH N=CH 7.44 37 10.7 99.5 24 3.7 277.5(72) 1.4214
, 7.32 44.7 95.7 284.0 (209) 1.4148
2d (CH,),C 37 0 283.8 (68)¢ 1.4300¢

a Rate constants were derived from NMR signal integration at time intervals (A. A. Frost and R. G. Pearson, “Kinetics and Mechanism”,
2nd ed, Wiley, New York, N.Y., 1961, pp 12~13, 185~186). The free energy of activation, AGT, was given by the Eyring equation: AGT =

4.57T(10.32 + log Tk ') and the difference in free energy of the ground s

tates, AG®, was ~RT In Keq. Carbon tetrachloride and diglyme

solutions of 2 (1.0 M) gave identical results. ¥ Cyclohexane solutions. ¢For the E isomer. d This is the turthest downfield peak of the methyl

triplet.

MesSi for the isocyano carbon?® (Bruker HFX-90 instrument op-
erating in the Fourier transform mode).

By preparative gas chromatography using a column of 30% SE-
30, 45-60 Chromosorb W in an aluminum tube 6.1 m X 9.5 mm,
at a flow rate of 75 ml of He/min, column at 90°, injection port at
109°, and detector at 119°, a mixture of isomeric N-isopropylfor-
mimidoyl cyanide and isocyanide was separated from N-isopropyl-
chloroformimidoyl cyanide. Anal. (for the mixture of isomers).
Caled for CsHgNy: C, 62.47; H, 8.39; N, 29.14. Found: C, 62.46;
H, 8.48; N, 28.93. Ir (CCly) 2240 (C=N) and 2120 cm™!
(*N=-0).

N-Ethylchloroformimidoyl Cyanide. A solution of 8.41 g (0.1
mol) of N-ethylaminoacetonitrile in 80 ml of methylene chloride
was stirred for 2 days with 14.3 g (0.1 mol) of finely ground calci-
um hypochlorite and 5 g of calcium chloride as the temperature
was held under 25°. After separation, the filtrate was treated with
21.4 g (0.15 mol) of calcium hypochlorite and 5 g of calcium chlo-
ride and heated at reflux (40°) with stirring for 10 to 14 days or
until the chloramine was no longer detected by NMR. The mixture
was filtered, concentrated, and distilled to give light yellow N-
ethylchloroformimidoyl cyanide: bp 38-39° (18 mm);?! 1.44 g
(12%); n?3p 1.4403; ir (CCly) 2230 (C=N) and 1645 cm™!
(>C=N-); NMR (CCly) é 1.31 (t, 3, CH3, J = 7 Hz) and 3.72
(q.2, CHa, J = 7 Hz).

In a similar way, N-isopropylaminoacetonitrile was transformed
into N-isopropylchloroformimidoyl cyanide: 33% yield; bp 57° (10
mm); n¥'D 1.4593; ir (CClg) 2245 (C=N) and 1645 cm™!
(>C=N); NMR (CCly) 6 1.26 (d, 6, CH3, J = 6 Hz) and 4.08
(heptet, 1, CH, J = 6 Hz). Anal. Calcd for CsH7N2Cl: C, 45.99;
H, 5.40; N, 21.43. Found: C, 45.99; H, 5.56; N, 21.43.

Dehydrogenation of Aminoacetonitriles. A solution of 10.00 g
(89.3 mmol) of N-rert-butylaminoacetonitrile and 21.80 (125
mmol) of diethyl azodicarboxylate in 100 ml of methylene chloride
was stirred for 8 days at 28°. A precipitate of diethyl hydrazodi-
carboxylate,?2 17.09 g, mmp 132-133°, gave ir absorption identi-
cal with the authentic data. Distillation of the filtrate gave N-tert-
butylformimidoyl cyanide’ (2d): bp 29° (3 mm), 7.08 g, 72%, n?8D
1.4267, ir and NMR identical with authentic data.

A mixture of 4.04 g (36.0 mmol) of N-tert-butylaminoacetoni-
trile and 10.99 g (44.6 mmol) of o-chloranil was stirred for 4 days
at 28°. An orange precipitate, triturated with methanol and re-
crystallized from benzene, gave hexachlorodibenzo-p-dioxin-2,3-
dione: 3.05 g, mp 305-306° (lit.2> 296°). Anal. Caled for
C1204Clg: C, 34.24; Cl, 50.53. Found: C, 34.33; Cl, 50.77, m/e
418. The hydrochloride of N-tert-butylaminoacetonitrile (3.08 g,
58%, mp 236-238° dec, NMR ((CD3)>S0) 6 1.33 (s, 9, (CH3)3C)
and 4.28 (s, 2, CH3)) was isolated from the methanol solution after
concentration. Anal. Caled for C¢H3N»Cl: C, 48.49; H, 8.82; N,
18.85. Found: C, 48.25; H, 8.84; N, 19.10. On treatment with sodi-
um bicarbonate, the amine 10d was obtained and was found to be
identical with an authentic sample. Distillation of the original fil-
trate gave N-tert-butylformimidoyl cyanide (2d): bp 29° (3.0

mm), 0.56 g, 14%, with ir and NMR in agreement with authentic
data.

N,N’-Dicyanomethylazodicarboxamide. A solution of 1.12 g (20
mmol) of aminoacetonitrile and 3.48 g (20 mmol) of diethyl azodi-
carboxylate in 10 ml of chloroform was stirred at room tempera-
ture for 2 hr. An orange precipitate of N,N'-dicyanomethylazodi-
carboxamide was recrystallized from methanol to give 1.49 g
(77%); mp 171-172° dec; ir (KBr) 3290 (NH) and 1725 (>C=0)
cm~!; NMR (CD3;SOCD3) 6 4.43 (d, 4, CH,, J = 5 Hz) and 9.76
(t, 2, NH, J = 5 Hz). Anal. Calcd for CcH¢NgO2: C, 37.12; H,
3.11; N, 43.29. Found: C, 36.89; H, 3.19; N, 43.28.

a-N-tert-Butylacetimidoyl Cyanide. A mixture of 62.58 g (0.50
mol) of a-N-tert-butylaminopropionitrile in 400 ml of anhydrous
ether was cooled in an ice bath and treated dropwise over a period
of 30 min with 65.1 g (0.60 mol) of rert-butyl hypochlorite. After
stirring 2 hr in the dark at 0°, a few milliliters was concentrated to
a colorless liquid, a-N-tert-butyl-N-chloroaminopropionitrile: ir
(CCly) 2230 cm™! (C=N); NMR (CCly) 6 1.28 (s, 9, (CH3)3C),
1.55 (d, 3, CH3sCH, J = 7 Hz), and 423 (q, 1, CH3CH, J = 7
Hz).

To the major portion of the solution at 0°, 107 g (0.70 mol) of
1,5-diazabicyclo[5.4.0]undec-5-ene (DBU) in 50 ml of anhydrous
ether was added dropwise. After 5 hr at 0 to 25°, spinning band
distillation of the filtrate gave a-N-tert-butylacetimidoyl cyanide:
bp 65° (86 mm); 29.8 g (49%); n2!D 1.4233; uv (cyclohexane)
Amax (€) 295 nm (116); ir (neat) 2205 (C=N) and 1660 cm™!
(>C=N-); NMR (CCly) 6 1.33 (s, 9, (CH3);C), and 2.22 (s, 3,
CH3). Anal. Caled for C7H12N2: C, 67.70; H, 9.74; N, 22.56.
Found: C, 67.37; H, 9.78; N, 22.50.

A solution of 3.57 g (28.8 mmol) of a-N-rert-butylacetimidoyl
cyanide in 10 ml of methanol was stored for 3 months at 25°. Re-
moval of methanol left a brown viscous oil. Recrystallization from
hexane gave methyl a-tert-butylamino-a-cyanopropionimidate as
colorless crystals: 1.5 g (30%); mp 103-105°; ir (CHCl3) 3360,
3270 (NH), 2230 (C=N), and 1670 cm~! (>C=N-); NMR
(CCly) 6 1.22 (s, 9, (CH3)3C), 1.32 (broad, 1, -NH-), 1.58 (s, 3,
C-CHs), 3.82 (s, 3, O-CH3), and 7.97 (broad, 1, C=NH), both
NH absorption bands disappeared on exchange with D,O. Anal.
Calcd for CoH;7N3O: C, 58.99; H, 9.35; N, 22.93. Found: C,
58.94; H, 9.47; N, 23.08.

In attempted purification of the product by chromatographic
separation from a column of silica gel, chloroform-benzene (1:1)
eluted N-tert-butylacetamide, recrystallized from a mixture of
ether and petroleum ether (bp 40°): 0.97 g (29%); mp 93-96°;2* ir
(CCly) 3430, 3300 (NH), and 1650 cm~! (>C=0); NMR (CCly)
61.31 (s, 9, (CH3)3C), 1.84 (s, 3, CH3), and 6.90 (broad, 1, NH).

N,N'-Di- tert-butylaminomaleonitrile. To 0.31 g (2.8 mmol) of
N-tert-butyliminoacetonitrile in S ml of anhydrous benzene, a so-
lution of 0.70 g (3.4 mmol) of stannic chloride in 5 ml of anhy-
drous benzene was added over a period of 1 hr as the mixture was
externally cooled in a water bath at 15°. After the mixture was
stirred overnight, 50 ml of water and 100 ml of ether were added.
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Table V. N,N'-Dialkylaminomaleonitriles

(RNHC(CN)),: R; yield %; mp °C;vem™; 6

CH,CH,# 35;62~-64; 3360 (NH), 2210 (C=N), 1605 (C=C);>
1.21 (t, 6, CH,, J = 8 Hz), 3.21 (q, 4, CH,, / = 7 Hz), and 3.38 (m,
2, NH)

(CH,),CH@ 74, 89~90; 3330 (NH), 2230 (C=N), 2190 (C=N),
1605 (C=C);¢ 1.23 (d, 12, CH,, J = 6 Hz), 3.50 (heptet, 2, CH,
J =6 Hz), and 3.64 (d, 2, NH, J = 3 Hz)f

(CH),C; 96; 78-79 3350 (NH), 2230 (C=N), 2190 (C==N), 1590
(C=C)/ 1.31 (s, 18, CH,), and 3.76 (s, 2, NH)b

4 Anal. Caled for C;H, (N,: C, 58.52; H, 7.37; N, 34.12. Found: C,
58.39; H, 7.56; N, 34.0S. CCl, solution. ¢ CDCI, solution. dRefer-
ence 6. ©CHCI, solution. FH. Dabek, R. Selvarajan, and J. H. Boyer,
J. Chem. Soc., Chem. Commun., 244 (1972).

The separated organic layer was washed with aqueous bicarbonate
and with water, dried over magnesium sulfate, and concentrated to
leave a residue of 0.30 g (96%) of yellow N,N’-di-tert-butylamino-
maleonitrile.25 Other Lewis acids which were less effective in dim-
erizing the imine included boron trifiuoride etherate, aluminum
chloride, aluminum bromide, antimony pentachloride, and ferric
chloride. N,N’-Diisopropyl- and N,N-diethylaminomaleonitrile
were also prepared (Table V).

After 1 month, an analytical sample of N,N'-diethylamino-
maleonitrile became dark brown, but not appreciably more viscous,
and gave elemental analysis which had not changed from those ob-
tained above for the freshly purified sample.
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