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Cyanocarbon Chemistry. XIIL1 N-(2,2-Dicyano-l-alkoxyvinyl)-imidoyl Chlorides and 
their Reactions 

BY H. F. MOWER AND C. L. DICKINSON 
RECEIVED DECEMBER 4, 1968 

The amino inoiet>- of l-a1~iitio-l-alkos~--2,2-dicyanoethylenes has been found to cuiidense with the carbonyl groul, of ali- 
The imidoyl chlo- phatic acid chlorides to give, with the loss of water, N-(2,2-dicyano-l-alkoxyvinyl)-imidoyl chlorides. 

rides easily react with amines and alcohols to form amides and esters of the corresponding imidic acids. 

The reaction of a primary amine with an acyl 
chloride usually yields an amide. However, there 
are certain exceptions, such as the reaction of pri- 
mary amines with the tautonieric forms of suc- 
cinoyl* and phthaloyl chloridesj3 which can yield 
the gem-diamino derivatives of the corresponding 
anhydride. Another exception now has been found 
in the reaction of the amino group of 1-amino-1- 
alkoxy-2,2-dicyanoethylene (I) with aliphatic acid 
chlorides to form N- (2,2-dicyano- I-alkoxyviny1)- 
imidoyl chlorides (11). 
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This reaction is carried out by boiling an ace- 
tone solution of the amino dicyanoethylene with a 
large excess of the acid chloride. The product is 
obtained by evaporation of the reaction medium. 

The structures of the imidoyl chlorides were es- 
tablished by infrared spectroscopy and by syn- 
theses of some of their derivatives by known proce- 
dures. The infrared absorption spectra of the 
imidoyl chlorides have strong absorption in the re- 
gion of 6.30 and 6.55 p which is indicative of the 
conjugated C=C and C=N structures, and the 
spectra are otherwise in agreement with the as- 
signed structures. Further confirmation of the 
structure of the imidoyl chlorides was obtained by 
their facile reaction with anionic reagents to form 
derivatives of the corresponding imidic acids. For 
example, hydrolysis of IIa gave the free imidic acitl 
IT1 ; independently, this compound was synthesized 
by the reaction of acetic anhydride with 1 - a i n i i i w  
I -niethoxy-2,2-dicyanoethylene. 
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-1ddi tioiial evidence for the irnidoyl chloride 

structure was furnished by the reaction of ammonia 
( 1 )  Fnr previous papers in this series see THIS JOURNAL, 80, 2775 

(1958). 
(2) G F. hforreil, J. Chem. Soc., 106, 1732 (1911). 
(:O J. Scheiber, Ber., 46, 2366 (1913). 
(4) Paper  IV. W. J. Middleton and V. .4. Engelhardt, THIS JorrRNAT., 

80, 2788 (1958). 

with I Ib  to form the pyrimidine IV, probably vk 
intermediate formation of the amide of the imidic 
acid. The pyrimidine was independently synthe- 
sized by condensing dicyanoketene diethyl acetal 
with acetamidine, a known type of reaction:> 

IV 

Amide and ester derivatives of the parent imidic 
acid I11 can be formed easily by nucleophilic dis- 
placement reactions of the imidoyl chlorides with 
amines and alcohols. Some of these compounds 
are listed in Table I. 

In addition to the simple displacement reaction 
of the imidoyl chlorine atom, nucleophilic attack 
also can take place a t  other centers of the molecule. 
For example, when IIa or b is treated in ethanol 
solution with benzamidine, the dipyrimidine V is 
formed. 
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J. 
KtIz OC,H, 
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(:611i N K’-*’ClI: 

v 
It is believed that the c‘ours~ o f  the reactioii i l l -  

volves an intermediate pyrimidine which is formed 
in an analogous manner to the way in which IV is 
formed from the dicyanoketene acetal, that is, by 
initial attack a t  the ketal carbon atom (resulting ill 
displacement of the alkoxy group) ~ followed by 
cyclization with one of the nitrile groups. The 
bipyrimidine V then is envisioned as arising by a 
concerted ring-closing reaction initiated by solvent 
attack upon the nitrile carbon atom. 

The mechanism of the formation of I1 from the 
aminoalkoxydicyanoethylenes and acid chlorides 
is unknown. Two possible reaction sequences for 
the formation of 11, both involving the intermediate 

( 5 )  Paper  IX, W. J. Middletm and V. A.  Engelhardt, ibrd . ,  80,  
2829 (1958). 
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TABLE I 
r\'-(2,2-DICTATO-l-ALE;O);YVINTL)-IMIDIC ESTERS AND . h I D E S  ( s c ) 2 c = c - ~ = c I <  

I I 
OR' S 

Imidic acid Derivative Yield, h f . p . ,  Empirical --Carbon, G- - -Hydrogen,  %- -Sitrogcn. %-- 
K R' x 0 / o  O C .  formula Calcd. Found Calcd. Found Calcd. 170und 

CHI CHI OCHs 25 132 C~H&302 53.85 53.63 5 .10  5 .03  22.08  23 4 5  
CH, CHa OCIHB-n 60 109-110 CiiHijS30z 60.00 59.70 8 .80  6 . 4 0  18.00 18 50 
CHI CHI OCsHj i~ 133 C13HliN302 64 . i0  65.07 4 56 4 76 17 41 17 38 
CzHj C?Hj OCzHj 92 160-161 CiiHijS302 59.97 58.14 6 28 6 .39  22 92 32 47 
CHs CHa OCaH1C12-2,4 82 94-95 Cj3HgS30zCIz 50 33 49.78 2 .90  2 .96  13 55 13.48  

-- 

CHa CHa N(C2H5)2 85 40-41 CnHi~N40 60.00 60.30 '7.27 7 , 1 7  25.42 25.51 

formation of acylated product 111, were suggested. l-methoxyvinyl)-propionimidoyl chloride. Recrystalliza- 
one i t  was supposed that HC1 present in the reac- tion from petroleum ether gave colorless crystals melting a t  

44-45', yield 507,. 
Anal. Calcd. for C8H8N30Cl: C, 48.60; H ,  4.05; S, tion mixture might react with I11 to form the 

imidoyl chloride, and in an alternate mechanism 21.25; c1, 17.96. ~ ~ ~ ~ d :  c, 48.74; H,  4.18; x, 21.40; 
the imidoyl chloride was thought to arise from a c i ,  17.48. 
possible reaction of I11 with the excess acid chloride N-(Z,Z-Dicyano-l-methoxyvinyl)-acetimidic Acid (111). 
in the manner of an acid anhydride-acid chloride A. By Hydrolysis of N-(Z,Z-Dicyano-l-methoxyvinyl)- 
interconversion. These hypotheses were tested acetimidoyl Chloride.-N-(2,2-Dicyano-l-methoxyvinyl)- 

acetimidoyl chloride (0.7 g., 0.0035 mole) was dissolved in a and shown to be invalid when the imidic acid 111 solution consisting of 8 ml. of water, 12 ml. of methyl alcohol 
did not react with dry hydrogen chloride gas or and 1.1 g. of potassium carbonate. The mixture was 
with acetyl chloride under conditions used in the heated under reflux for 0.5 hour and cooled and the volume 

of the solution diminished by half by evaporation under a 
stream of air to obtain a white crystalline precipitate. formation of 11. 

In consequence of these negative results, it  is This material was removed by filtration and recrystallized 
supposed that the product 11 arises by the direct from ethyl alcohol. It was identified as the methyl ester 
combination of reactants to give the intermediate of N-(2,2-dic~ano-l-methox~vinyl)-acetimidic acid; yield 
VI which loses water to form 11.6 0.16 g. (25y0), m.p. 132'. 

Anal. Calcd. for '&H9N302: C, 53.85; H ,  ,?.lo; N, 

\ I  I The  filtrate from above was acidified to give a second 
c==c--sH-c- r< compound. This compound was recrystallized from water 

I and identified as N-(2,2-dicyano-l-methoxyvinyl)-acetimidic c1 

"2 ORz OH 22.98. Found: C, 53.65; H ,  5.03; N, 23.45. 

acid; yield 0.17 g. (30y0), m.p. 239-241' dec. 
/ 1\'c VI 

Experimental 
N-(2,Z-Dicyano-I-ethoxyviny1)-acetimidoyl Chloride 

(IIb).-Three grams (0.022 mole) of l-amino-l-ethoxy-2,2- 
di~yanoethylene~ was dissolved in 200 ml. of boiling ace- 
tone. Acetyl chloride (100 ml., 1.4 moles) was added and 
the reaction mixture was heated under reflux for 2 hours. 
After cooling, the reaction mixture was poured into a large 
crystallizing dish and evaporated under a stream of air to 
obtain the crude crystalline product. Purification was 
accomplished by recrystallization from petroleum ether; 
yield 1.3 g. (25%), m.p. 69-70". 

Anal. Calcd. for C8HaN30C1: C, 48.60; H, 4.05; S, 
21.25; C1, 17.95. Found: C, 49.18; H ,  4.31; N, 20.95; 
C1, 18.04. 

In  like manner S-(2,2-dicyano-l-metlioxyvinyl)-aceti- 
midoyl chloride ( I I a )  was formed by the reaction of acetyl 
chloride and l-amino-l-methoxy-2,2-dicyanoethylene; yield 
22%, m.p. 88". 

Anal.  Calcd. for C7Hs~30C1:  c ,  45.80; H, 3.27; S,  
22.90. Found: C,46.05; H,3.35;  N,23.41. 

N-( 2 ,Z-Dic yano- 1 -methoxyvinyl)-propionimido yl Chlo- 
ride (IIc) .-One gram (0.009 mole) of l-amino-l-methosy- 
3,2-dicyanoethylene was dissolved in 30 ml. of dry acetone 
and heated to boiling. Propionyl chloride (20 ml., 0.325 
mole) was added and the solution was heated under reflux 
for two hours. The  solution then was cooled and evapo- 
rated in a stream of air to obtain a thick red oil. This oil 
was triturated with water t o  obtain a crystalline mass, 
ir-hich was extracted with ethyl acetate. The resulting 
solution was evaporated to dryness to give N-(2,2-dicyano- 

(t i) The  referee made some helpful sugpeslions concerning the  mecha- 
iiism. He pointed out  t ha t  the loss of water from VI may be facili- 
ta ted by the  decreased basicity of the  nitrogen atom, which in this 
case is much lower than in usual amides.? T h e  stability of t he  prod- 
uct is increased b y  formation of a conjugated system in the imidoyl 
chlnride. The  loss of HCI From VI would result in the formation of a n  
amide n i th  a less stable, crns.s conjurated system. 

7 )  7'hr I>a,qicity of the 1-nm -alkoxy-?.? r i i r ? - ~ ~ i ~ , r i h ) - I ~ r i ~ s  is 
,II~\C<I in l';!l>vr IT < > f  th i*  swic ,\. 1 1 1 ~ : ~ v l -  

~~ 

.. J.  hli<ldirt,ln and V 
lltlllll, ' I ~ l t l S  J < l I f R V \ , , ,  80, Y i l I O  ( I  

Anal. Calcd. for C7H7N302: C, 50.90; H ,  4.25; K ,  
24.45. Found: C, 51.20; H ,  4.22; K ,  24.95. 

The compound is acidic, being soluble in cold potassium 
carbonate and insoluble in cold dilute acids. I ts  infrared 
spectrum shows broad absorption in the region of 5.5 /* and 
sharp peaks a t  6.05, 6.25, 6.40 and 6.iO p,  indicating the 
presence of both carbonyl and hydrogen-bonded hydroxyl 
groups, and suggesting a tautometric mixture of the keto 
and enol forms. 

N-( 2,Z-Dicyano-1-methoxyviny1)-acetimidic Acid (111). 
B. By Acetylation of 1-Amino-1-methoxy-Z,2-dicyanoethyl- 
ene.-l-Amino-l-methoxy-2,2-dicyanoethylene (2.0 g., 
0.018 mole) was dissolved in 15 ml. of acetic anhydride and 
heated to  reflux. One drop of concentrated sulfuric acid 
was added and refluxing continued for 10 minutes. The 
dark-red reaction mixture mas cooled slowly and then 
allowed to  evaporate to  dryness in an air draft. The solid 
residue was recrystallized from water and from ethyl alco- 
hol; yield 0.89 g. (40%), m.p. 243-241" dec. A mixed 
melting point with the sample prepared in procedure A was 

Anal. Calcd for C7H7S302: C, 50.90; H, 4.23; N, 
24.45. Found: C, 51.34; H ,  4.65; N, 25.02. 

4-Amino-5-cyano-6-ethoxy-2-methylpyrimidine (IV) from 
Dicyanoketene Acetal.-To a solution of 0.71 g. (0.031 g.- 
atom) of sodium in 20 ml. of ethanol was added 5.96 g. 
(0.036 mole) of dicyanoketene diethyl acetal and 3.45 g. 
(0.03 mole) of acetamidine hydrochloride. After 30 miti- 
utes, 50 till. of water was added and 4.40 g. (8370 yield) of 
4-ariiitio-5-cyano-6-ethox~--2-methqIpyri1nidi11e n a s  col- 
lected. The sample was recrystallized from ethanol for 
analysis. The melting point in a sealed capillary tube n L t \  
233.5-235'. 

241-242'. 

A n d .  Calcd. for CaHloONa: C, 53.93; H, 5.62; N, 
31.46. Found: C, 54.06; H,5.58; N,31.57. 

4-Amino-5-cyano-6-ethoxy-2-methylpyrimidine (IV) from 
N-(2,Z-Dicyano-I-ethoxyviny1)-acetimidoyl Chloride and 
Ammonia.-Ten ml. of ethanol saturated with ammonia 
was added to 0.99 g .  (0.005 mole) of N-(2.2-dicyano-l- 
c t l i o s ~ - ~ ~ i t ~ ~ l ) - ~ ~ e t i t n i t i o ~ - l  chloritlc and the resulting sirlii t i o i l  
wits :illiirrrtl to sl:iiitl ilreriiiglit; 1 0  x r i l .  of \\-;iter w i z  ;ul(lcil, 
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causing 0.55 g. (51% yield) of 4-amino-5-cyano-6-ethoxy-2- 
methylpyrimidine to precipitate. The infrared spectrum of 
this sample was identical with the spectrum of the material 
prepared from acetamidine and dicyanoketene acetal. 

Preparation of Amide and Ester Derivatives of the N- 
(2,2-Dicyano-l-alkoxyvinyl)-imidic Acids.-The same gen- 
eral procedure was used to  obtain all the ester and amide 
derivatives listed in Table I. T o  illustrate the procedure 
the preparation of the phenyl ester is described in detail. 

Phenol (2.82 g., 0.029 mole) was dissolved in 20 ml. of 
dry tetrahydrofuran and 0.69 g. (0.03 g.-atom) of sodium 
was added. The solution was stirred until the sodium had 
dissolved. N-(2,2- Dicyano- 1 -methoxyvinyl)- acetimidoyl 
chloride (5.0 g., 0.027 mole) was added and the solution was 
stirred for 0.5 hour and then heated to  boiling and evapo- 
rated to one-half of its original volume. Anhydrous ethyl 
ether (25 ml.) was added and the mixture was cooled and 
filtered. The filtrate was evaporated to dryness to obtain 
a crystalline solid. This material was recrystallized from 
ether. The physical properties of the phenyl ester of S- 
(2,2-dicyano-l-methoxyvinyl)-acetimidic acid are reported 
in Table I. 

5-Amino-4-ethoxy-2-methyl-7-phenylpyrimido [4,5-d] py- 
rimidine (V).-To a solution of 0.70 g. (0.03 g.-atom) of 
sodium in 25 ml. of ethanol was added 7.61 g. (0.634 mole) 
of benzamidine hydrochloride trihydrate followed by 3.96 
g. (0.02 mole) of N-( 2,2-dicyano-l-ethoxyvinyl)-acetimidoyl 
chloride. The mixture was stirred for two hours at room 
temperature and then filtered. The solid was collected and 
washed with water to yield 1.25 g.  (22%) of the crude dipy- 
rimidine. Further purification was accomplished by re- 
crystallization from dimethylformamide; m.p. 264.5”. 

Anal. Calcd. for C15H1&50: C, 64.13; H, 5.33; N, 
24.91. Found: C, 64.58; H, 5.64; N, 25.03. 

The same results were obtained by using I\i-(2,2-dicyano- 
1-methoxyviny1)-acetixnidoyl chloride as the starting mate- 

rial. The infrared spectrum is in agreement with the abovc 
structure, indicating the presence of all the functional 
groups. 

The ethanol filtrate from above was evaporated almost 
to dryness, trested with water and filtered. The solid that 
was collected was identified as the ethyl ester of h’-(2,2-di- 
cyano-1-ethoxyviny1)-acetimidic acid; yield 2.70 g. (65%). 
This latter compound is formed by a competing reaction and 
is not an intermediate leading to the dipyrimidine. This 
point was established when i t  was shown that  the ethyl ester 
of I11 did not react with benzamidine under the conditions 
used in formation of the dipyrimidine. 

Attempted Preparation of N-(22-Dicyano-I-methoxy- 
vinyl)-acetimidoyl Chloride from the Imidic Acid I1 and Hy- 
drogen Chloride.-K-(2,2-Dicyano-l-methoxyvii1yl~-aceti- 
tnidic acid (2.0 9.) was dissolved in 50 ml. of boiling acetone. 
The solution was saturated slowly with dry hydrogen chlo- 
ride. After the solution was cooled and allowed to stand 
overnight, a crystalline precipitate was obtained (m.p. 148- 
149’). This solid dissolved rapidly in water to form solu- 
tions which gave an immediate precipitate with silver ni- 
trate. Upon careful neutralization of the cold aqueous 
solution, 1.8 g. of the starting material was obtained and 
identified by the mixed melting point method. 

Attempted Preparation of N-(Z,2-Dicyano-l-methoxy- 
vinyl)-acetimidoyl Chloride from the Imidic Acid I1 and 
Acetyl Chloride.--N-12,2-Dicyano-l-methoxyvinyl)-aceti- 
niidic acid (1.0 8.) was dissolved in 20 ml. of boiling acetone. 
Acetyl chloride (15 ml.) was added atid the mixture was 
heated under refluxing conditions for 8 hours. The solution 
was cooled and allowed to evaporate under a stream of air. 
The residue weighed 0.93 g. and was identified as the start- 
ing material I1 by mixed melting points and infrared 
analysis. 
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Cyanocarbon Chemistry. X1V.l Formation of a Bicyclo [2.2.0]hexane from 
T etracyano e thylene 

BY J. R. ~ ’ I L L I A J I S  

RECEIVED JANUARY 22, 1959 

Cyclobutane ring formation occurs wlicn tetracyaiioctli).lcIle reacts u ith certain dienes, aiid i l l  OIIC cabc a h e )  clo [2 .2 01 - 
hexane has been obtained. 

Recent reports from this Laboratory have de- 
scribed the chemistry of tetracyanoethylene and 
have discussed its high reactivity as a dienophile in 
the Diels-Alder reaction.2 Blomquist and Mein- 
waldaarb have shown that tetracyanoethylene 
in the presence of a diene that is incapable of form- 
ing a Diels-Alder adduct may react by cycloaddi- 
tion to form a cyclobutane. 

We have found that I-methyl-3-methylenecyclo- 
butene (I) 4 s 5  reacts with tetracyanoethylene to give 
2 -methyl - 5,5,G,G - tetracyanospiro [3.3]hept - 1 - ene 
(11) in a manner analogous to the formation of 1- 
inethyl - 2,3  -diphenyl - 5,5,(i,G - tetracyanospiro [3.3 ]- 
hept-1-ene from l-inethyl-2,3-dipheiiyl-4-inethyl- 

(1) Paper  S I I I ,  H. F. Nower and C. L. Dickinson. THIS J O U R N A L ,  
81, 4011 (1939). 

(2) Paper  111, W. J. hfiddletnn, R. E. Heckert, E. L. Little and 
C. G. Krespan, ibid., 80, 2783 (1958). 

(3) (a) A. T. Blomquist and Y .  C. Meinwald, i b i d . ,  79, 631R (195i ) ;  
(b) A. T. Blomquist and TI. C. Meinwald, Abstracts of Papers, 13:ird 
Mee t ing  of A.C.S., San Francisco, Calif., 1958, p. 77-N.  

(4) J. K. Williams and  W. H. Sharkey, i b i d . ,  81, in press 

( 5 )  1’. F. Caseri<,, S. 11. I’arhkr. R. l’ircnlitii and J. n. IZc?lxt-ts.  
(195Q). 

c h i < / . ,  80, 55Oi (1!85S). 

enecyclobutene and tetracyanoethylene reported by 
Blomquist and h l e i n ~ a l d . ~ ~  The structure of 11 is 
based largely upon infrared and nuclear magnetic 

resonance (1i.iii.r.) spectra. The double boiid 
stretching vibration in the infrared occurs a t  0.10 1, 
a position consistent with an isolated, nioiiosub- 
stituted double bond in a four-nieinbered 
The n.1n.r. spectrum’ of I1 sliowcd resonaiice peaks 

( C i )  17. F. Clevcland, h l .  J. Rlurray and W. S. Gxllawa), J .  Chrrrr. 
I’hss., 15, 712 (1447) ;  16, 138 ( 1 0 t f i ) .  

(T) N.m.r. spectra were obtained by means nl R high resolution 
nuclear magnetic resonance spectrometer and assnciated electro- 
magnet, both manufactured by Varian Associates, Palo Alto, Calif., 
operating a t  40 hlc.  and approximately 10,000 gauss. Spectra were 
calibrated in terms of  displacements in cycles per second (c.p.s ) 
lrom the proton resonance of HzO. Scnntive frequency displace- 
ments inglicate i-esonanccs occurrinp a t  hig1it-r t i ~ l ~ i s  r?lali\r t o  the 
rrfrrcncr. 


