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In 1975 Danishefsky proposed that for homocon
jugate addition to occur between a nucleophile and a 
cyclopropane, it was necessary for the cyclopropane to 
contain two activating groups, such as -COCR or -CN. 
The initial intent of this research was to investigate 
the possibility of similar reactions with 1,1,2,2- 
tetracyanocyclopropanes. However, in the preparation 
of the cyanocyclopropanes, an unexpected product was 
obtained. The research was then redirected to inves
tigate the nature of this product.

1
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It is well known that nitriles will react with 
alcohols to produce imidates or imidic acid esters (j_).

in 1892. His book, Die Imidoather und ihre Derivats. 
is considered to be a landmark in imidate chemistry.
The Pinner Synthesis involves the reaction of a nitrile 
with alcohol in the presence of HG1 under anhydrous 
conditions (Equation 1).

There appears to exist a proximity effect in this

trile (2) gave only the monoimidate ( 3). It also appears

that if the cyano group is ortho to a bulky substituent,

NH
OR.'

1

The first study of imidates was reported by A, Pinner2

(1) R-CN + R'OH + HC1
0° ^NH-HC1

* RC
X0R'

2synthesis. For example, Pinner found that phthaloni-

.NH-HCl

2
it will not form the imidate with alcohol and acid 

Only a few examples of diimidates are known.
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p
diinitrile that yields a diimidate (5.) is cyanogen (4).“

/NH’HCl
0

ON OEt
1
ON .NH-HC1

c

4

XOEt

5
7

Barber and Slack reported that 1,3-.bis(3,5-dicyano- 
phenoxy)propane (6) yields the triimidate with methanol

6 7

and HC1. On the other hand, tetrakis(4-cyanophenvl)- 
ethene (7) gave the tetraimidate.

A reaction that is complementary to the Pinner 
Synthesis of imidates is the base-catalyzed reaction 
of nitriles with alcohols (Equation 2). This reaction

R'0~ /NH
(2) R-CN + R 'OH ROx

xOR'
which yields the free imidate base was first discovered 
by J. U. Nef^ in 1895. It was reinvestigated by 
Schaefer and Peters^ in I960. They found that the
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reaction works rather well with nitriles which are 
electronegatively substituted. A nitrile which fails to 
react with alcohol under acidic conditions will usually 
undergo a reaction in the presence of base to give the 
imidate, or vice versa.

Almost all the reported syntheses of imidates have 
been performed under acid or base catalysis; there is 
one report of an uncatalyzed reaction. W. Steinkopf 
reported that trichloroacetonitrile reacts directly with 
refluxing alcohol to produce the imidate (Equation 3).

.̂NH
(3) Cl-CCN + MeOH --- > 01,00"

5 5 NOMe
He attributed the imidate formation to the presence of 
the strong electron-withdrawing chlorines on the alpha 
carbon.

Probably the most common reaction of imidates is 
their hydrolysis to the ester (Equation 4). In fact, 

^NH-HC1
(4) RC" + Ho0 --- > RCOOR' + NH.C1

X0R’ 2 4

some imidate salts are so unstable that they are hydro
lyzed to the ester just on exposure to the atmosphere. 
The conversion to ester is usually effected by treatment

Oof the imidate salt with aqueous acid.
When heated, the imidate salt can be transformed
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to the corresponding amide and alkyl halide (Equation 5). 

,NH> HC1 a
(5) RC ------ * RCONHp + R 'Cl

X0R'
This reaction can become a problem in the synthesis of

2
imidates if the preparation is not carried out at 0°C.

Imidate salts are converted to free bases by treat
ment with 33% potassium carbonate solution, followed by
immediate extraction with ether. NaOH, KOH, and NaHCO^

2have also been used. Another reaction that can occur
under alkaline conditions is the reversion of the imi-2date into the parent nitrile and alcohol. This reac
tion becomes more prevalent at elevated temperatures 
(Equation 6).

^NH base
(6) R C '  --------> R-CN + R 'OH

X0R'
The conversion of imidates to the amidine salts is 

also a well-known reaction." If the imidate is in the 
form of the salt, the reaction is effected with an al
coholic solution of ammonia (Equation 7). When the

/NH«HC1 R'OH /NH«HC1
(7) RC/ + NH, ------ > R <  + R 'OH

X0R' y NH2
free base is employed, the amidine salt can be prepared 
with an aqueous alcoholic solution of ammonium chloride 
(Equation 8).
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/NH R 'OH > TH-H01(8) RC" + NH,C1 ---------- * R <  + R 'OHOR' 4 NH2
The use of excess alcohol in the acid-catalyzed 

synthesis of imidates can cause alcoholysis of the 
imidate to give the ortho ester (Equation 9). The lat- 

/NH-HC1(9) RC^ + 2R'0H --------> R C ( O R ') , + NH .01
X0R' 5 4

ter can he minimized by performing the reaction at
0°0.2
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Danishefsky and Singh found that 1,1-disubstituted 
cyclopropanes containing tv/o activating groups can un
dergo homoconjugate nucleophilic addition (Equation 10).

1

( 10)

X = -C00R, -CN, etc.
Y = aniline, piperidine, etc.

It was of interest to investigate whether 1,1,2,2-te- 
tracyanocyclopropane (8a) and 1,1,2,2-tetracyano-3,3- 
dimethylcyclopropane (8b) would undergo similar reac-

CN ON
y/ \R /  \  ONv________ X/

/ --------- \R ON
8a, R = H
8b, R = Me

tions. The preparations of 8 have been previously re
ported in literature and will be discussed below,

7Scribner, Sausen and Prichard gave several me
thods for the preparation of the tetracyanocyclopro- 
pane 8a. Two of these methods were employed in the 
present work. In one method, a mixture of bromomalono-
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nitrile, tetrahydrofuran, 37% formalin, and potassium
iodide was employed. This procedure, known as the
V/ideqvist Reaction, involves the condensation of
bromomalononitrile with aldehydes or ketones in the
presence of potassium iodide to form the respective

8substituted tetracyanocyclopropanes. Hart and Free-
qman proposed the following mechanism for the Wideqvist

Reaction (Equation 11), In the second method, the 
bromomalononitrile was formed in situ from bromine 
water and nitrile.

OH

( H )  R t
± R —  C — CBr(CN)0 -ri

R ’
HW  OH

R-è-CBr(CN)2 -  
R'

tcfer(ON)2

I™

R'
R

+ IBr

NO. .ON

Scribner et. al 7 described the use of methanol
for the purification of the crude tetracyanoc.yclopro- 
pane 8a. In our hands, however, the use of methanol



12

gave a new product, mp 172-176 C. The melting point
7reported for compound 8a is 224 C.' Elemental analy

sis and spectral data led to the proposal that the 
compound is dimethyl 1,2-dicyanocyclopropane-cis.-1,2- 
diimidate (9a).

The infrared spectrum (Eig. 3) of the imidate 9a 
shows the presence of N-H stretching and bending at

_ -i3400 and 1620 cm , respectively. Absorption occurring

HNX OCH
V

9a, R = H 
9b, R = Me

-1on both-sides of 3000 cm is consistent with saturated
and cyclopropyl C-H stretching. The absorption at 2950

-1 -1cm as well as those at 1450 and 1375 cm can be as
signed to the stretching and bending of the methyl 
group belonging to the methoxy functions. The absorp
tion at 3010 cm 1 can be attributed to the cyclopropyl
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C-H by comparision to the spectrum of 8a (Fig. 2). The
- 1peak at 2240 cm is that of the nitrile, CSN. At

... A1670 cm is a strong absorption that is characteristic 
of an aliphatic inline's C=N stretching mode. Most 
likely the peak at 1130 cm-1 is that of the ether,
C-O-C. This is further supported by the small peak at

-1 10 2840 cm which is indicative of R-O-CH^ ethers. In
summary, the infrared spectrum shows the following
functional groups: the cyclopropyl ring, nitrile,
C-O-CH^, and C=N, all of which are supportive of the
imidate structure.

11The nuclear magnetic resonance spectrum (Fig. 4) 
exhibits a low, broad peak at $7.35 which is attributed 
to the proton of the N-H group. Two intense absorp
tions centered around ‘5 3.3 are assigned to the two 
methoxy groups' protons of the imidate function. That 
they do not occur as a single absorption suggests they 
are experiencing slightly different environments. Also 
under the the influence of different environments are 
the two protons on the ring. This is exhibited in the 
NMR by the two sets of doublets occurring at §1.8 and 
2.75. It appears that the two protons are coupled to 
one another in an AB pattern to give the two sets of 
doublets. The coupling occurs here since the protons
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are on the rigid ring structure of the cyclopropane. 
The difference in chemical shift can he explained if 
a cis configuration is proposed for the two imidate 
groups (j9). For the methoxy protons, it can be seen 
that one of the methoxy groups will be closer to the 
nitrile functions than the other one would be. Also, 
the arrangement of the imidate groups suggest the pos
sibility of hydrogen bonding between the methoxy oxy
gen and the nitrogen proton on the adjacent imidate.
A spectral impurity is at $2.5 and is the result of 
the solvent DMSO-dg.

The mass spectrum (Fig. 5) of the imidate 9a 
gives the molecular ion peak as 206 which agrees with 
the calculated molecular weight of the imidate. The 
most prominent peak occurs at 175 and is indicative 
of the molecular ion minus the methoxy group. At 58

4"
is a peak that can be attributed to CH^0-C=NH.

1,1,2,2-Tetracyano-5,3-dimethylcyclopropane (8b)
12was prepared by the Wideqvist Reaction from bromo- 

malononitrile, acetone, and aqueous potassium iodide. 
The crude dimethyl cyclopropane 8b was purified by 
recrystallization from 95% ethanol, mp 209-212°C 
(lit. 209.5-210°C). In view of the behavior of the 
tetracyanocyclcpropane 8a with hot methanol, it was
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of interest to see whether the tetranitrile 8b would 
undergo a similar reaction. When compound 8b was 
heated with boiling methanol, a product melting at 
163-166°C was formed. Spectral data suggest that the 
product is the diimidate, dimethyl 1,2-dicyano-3,3- 
dimethylcyclopropane-cis-1,2-diimidate, (9b).

The infrared spectrum (Fig. 11) of the dimethyl 
imidate 9b is very similar to the previously mentioned 
imidate 9a. Again, there is N-H stretching and bending

_ -ioccurring at 3410 and 1620 cm , respectively. The
_ -iabsorption on either side of 3000 cm is due to the 

cyclopropane ring methyl C-H and the methoxy C-H of
_ dthe imidates. The two peaks at 1450 and 1375 cm

also confirm the presence of the methyl and methoxy
groups. The methoxy ether groups are borne out by the
peaks at 2840, 1180, and 1140 cm-1. The nitrile func-

—  1 —  1tional group is evident at 2240 cm . At 1670 cm
10is the imine absorption of the imidate.

The nuclear magnetic resonance spectrum (Fig. 12) 
shows a broad peak at 87.3 due to the protons on the 
nitrogens. The singlets centered at $3.5 are assigned 
to the methoxy protons, and they occur as separate 
peaks because of their different magnetic environments 
as in the diimidate 9a. A pair of singlets at
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§1.3 and 1.3 belongs to the methyl groups. The differ
ence in chemical shifts is "because of the previously 
mentioned cis configuration. The DMSO-dg solvent peak 
absorbs at 82.5.

The mass spectrum (Fig. 13) gives the molecular
ion peak at m/e 234 (calculated, 234). The largest
peak is 203 which corresponds to the molecular ion
losing the methoxy group. The peak at 58 is assigned

+
to the ion CHx0-C=NH.

It is interesting to note that the tetranitrile
8b remains unchanged upon treatment with hot ethanol,
but it is converted to the imidate with methanol. One
possible explanation for this difference is that meth-
anol has been reported to be a better nucleophile.
Another reason may be steric factors with ethanol
being bulkier than methanol.

The conventional methods for the preparation of
imidates from nitriles involve the use of either an
acid or base catalyst. The Pinner Synthesis of imidate
salts has a nitrile reacting with anhydrous alcohol in

2the presence of HC1 at low temperatures. The base- 
catalyzed synthesis produces the free imidate base."*
The nitrile and alcohol are combined in the presence 
of alkoxide ion. This procedure is found to work well
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with nitriles hearing electronegative substituents.
It has been generally observed that if the nitrile does 
not yield the imidate under alkaline conditions, it 
will do so under acidic conditions, or vice versa.

In an attempt to prepare an imidate by convention
al methods, it was found that the tetranitrile 8a 
failed to produce the imidate under both acid and base- 
catalyzed conditions. In acid the nitrile 8a was re
covered unchanged. In base, the nitrile yielded a 
tar that was not identified. When the dimethyl ni
trile 8b was treated with sodium methoxide in methan
ol, a substance was obtained which proved to be the 
same as the dimethyl imidate 9b. In 1907, W. Stsin-

5kopf discovered that trichloroacetonitrile reacts 
directly with refluxing methanol to produce the imi
date. He proposed that the presence of the electron- 
withdrawing chlorines on the alpha carbon allowed the 
nitrile to react directly with the alcohol without 
any intervention of a catalyst. The electronegative 
substituents would increase the elctrophilic nature 
of the carbon, and therefore, make it more suscep
tible to the nucleophilic alcohol. Alternatively, a 
compound containing geminal nitrile functions would 
have unfavorable dipole-dipole interactions. Trans
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formation of one of these nitrile groups to the imidate 
function could diminish these interactions. For ex
ample, that trichloroacetaldehyde yields a stable hy
drate is commonly accounted for in this manner.

Attempts to prove the structure of the imidate 
through chemical methods were inconclusive. None of 
the attempted reactions gave the expected reaction 
product. The explanation offered for this is that 
these imidates must possess a special reactivity that 
permits them to ignore conventional imidate chemistry 
and to establish a chemistry all their own. The most 
common reaction of imidates is probably their hydro
lysis to esters. Treating the tetracyano imidate 9a 
with aqueous acid yielded an uncharacterized product, 
mp 106-107°C. The infrared spectrum (Fig. 7) did not 
show the characteristic absorptions of an ester group. 
The second most common imidate reaction is their con
version to the amidine salt. Treatment of imidate 9a 
with ammonium chloride, methanol, and water gave a 
product, mp 108°C, whose infrared spectrum (Fig. 8) 
was identical to that of the product obtained in the 
above hydrolysis reaction. The similarity in the 
results of these two experiments can be explained in 
light of the fact that both reactions were carried
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out under acidic conditions, with ammonium chloride 
serving as a weak acid in the second preparation.

Steinkopf reported that electronegatively sub
stituted imidates can react with weak bases such as 
aniline to produce the N-substituted phenyl amidine 
salt. Imidate 9a was recovered unchanged upon heating 
with aniline.

As mentioned previously, the initial intent of 
this research was to investigate the nucleophilic 
ring-opening addition reactions of the two cyclopro
pane nitriles, 8a and 8b. Treating the dimethyl 
tetracyanocyclopropane 8b with piperidine in a solu
tion of 95% ethanol produced a crystalline solid, mp 
135-136 C. Its infrared spectrum (Fig. 15) closely 
resembled those of the previous imidates except for 
slight differences in the G-H stretching region and 
in the fingerprint region. It is proposed that this 
compound is the diimidate, diethyl 1,2-dicyano-3,3- 
dimethylcyclopropane-cis-1,2-diimidate (10), produced 
under the conditions of a base-catalyzed synthesis of 
imidates. (It was noted earlier that the dimethyl 
nitrile 8b failed to react with ethanol alone.) Com
pound 8b did not undergo the expected homoconjugate 
addition of piperidine, but rather reacted with the
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All melting points were determined on a Fisher- 
Johns melting point apparatus and are uncorrected. The 
infrared spectra were recorded on a Beckman Acculab 3. 
The nuclear magnetic resonance spectra were determined 
on a Varian A-60 spectrometer using tetramethylsilane 
as an internal standard and DMSO-d^ as solvent.1̂  The 
mass spectra were obtained on a Perkin-Elmer RMU-6 
mass spectrometer.1  ̂ Elemental analyses were by Gal
braith Laboratories, Inc.

16Bromomalononitrile. To a solution of 40 g (0.60 
mol) of malononitrile in 400 mL of water was added over 
a period of an hour 31 mL (97 g, 0.60 mol) of bromine. 
The aqueous layer was drawn off; the organic layer was 
washed with water and taken up in 100 mL of chloroform. 
The chloroform solution was concentrated to 50 mL, and 
upon cooling, crystals formed which were filtered and 
washed with cold chloroform. The product weighed 16 g 
(18%), mp 64-67°C (lit. 15 63-b4°C); IR (KBr) (Fig. 1)
A 2970, 2260, 1280, 1025, 1005, 910, 890, and 670 cm"1.

1,1,2,2-Tetracyanocyclooropane (8a).  ̂ The tetra- 
cyanocyclopropane was prepared employing Methods 0 and 
D of Scribner, Sausen, and Prichard.^

A. Method 0. To 5.2 g (0.040 mol) of bromoma
lononitrile was added with stirring a solution of 20
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mL of tetrahydrofuran, 1 mL of water, and 1.6 g (0.020 
mol) of 40% formaldehyde, followed "by 6.6 g (0.040 mol) 
of potassium iodide in 8 mL of water. When the exo
thermic reaction had subsided, the mixture was diluted 
with a small quantity of water. -The resultant crystals 
were filtered, and washed, first with dilute potassium 
iodide solution and then with water. The air-dried 
crystals weighed 1.41 g (50%), mp 217-222°C (lit.7 
224°C).

B. Method D. A solution of 5.15 g (0.01 mol) 
of bromine in 500 mL of water was added dropwise over 
a period of five minutes with stirring to a mixture of 
13.2 g (0.02 mol) of malononitrile, 8.1 g (0.10 mol) of 
40% formaldehyde, and 0.05 g of ^-alanine in 100 mL of 
water. The reaction mixture was beared at 45°G in an 
oil "bath for an hour, and then cooled in an ice bath. 
The crude product was filtered and washed with water; 
the dried product weighed 4.98 g (35%), mp 214-224°C 
(lit.7 224c'C); IR (KBr) (Fig. 2) b 3100, 3005, 2225, 
1460, 1430, 1210, 1110, 1010, 730, and 710 cm™1.

Attempts to purify the crude cyclopropanetetra- 
nitrile by recrystallization from methanol yielded a 
white crystalline solid 9a, mp 172-176°C (dec.); IR 
(KBr) (Fig. 3) b 3400, 3000, 2930, 2220, 1680, 1615,



1445, and 1120 cm"1; 1H NMR (DMSO-dg) (Fig. 4) g 1.9 
(d), 5.25 (d), 7.55 (s); mass spectrum (Fig. 5) m/e 
206 (M+), 175 (M+ - CH30), and 58 (CH30-C=NH); mol 

wt calcd 206, found 206.
Anal. Calcd. for : C, 52.42; H, 4.89;

M, 27.17. Found: C, 52.64; H, 4.98; N, 27.19. The
analytical sample was recrystallized from 95% ethanol.

Attempted Conversion of da to the Imidate 9a. A.
HCl-Methanol.1^’ 1 1® Into a stirred solution of
1.0 g (0.0045 mol) of the tetracyanocyclopropane 8a
in 10 ml of anhydrous ether and 1 ml of anhydrous me- 

19thanol, cooled in an ice hath, was passed anhydrous
19 oHC1. Only unreacted cyanocyclopropane, mp 205-215 C, 

was isolated. IR (KEr) (Fig. 6) <) 5110, 5025, 2925, 
2270, 1420, 1210, 1105, 1010, 840, and 725 cm"1.

B. Sodium Methoxide-Methanol.̂  To a solution of 
sodium methoxide prepared from 0.05 g (0.005 mol) of 
metallic sodium and 50 ml of methanol was added 2.0 g 
(0.014 mol) of 8a. The tetracyanocyclopropane dissolved 
immediately to produce a yellow solution which was 
then refluxed overnight. The resultant hrown solution 
was neutralized with glacial acetic acid. On cooling, 
small hrown crystals appeared which were filtered to 
yield a tar.
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Attempted Conversion of 9a to the Bster. A mix
ture of 0.51 g of the imidate 2s. in an aqueous solution 
of HC1 (2 drops cone. HG1 to 10 ml of water) was re
fluxed overnight. The product weighed 0.05 g, mp 106- 
107°C. IR (KBr) (Fig. 7) ¡> 2930, 2860, 1620, 1595, 
1460, 1380, 1230, 810, and 740 cm-1.

Attempted Conversion of 9a to an Amidine Salt. A.
2 20Aqueous Ammonium Chloride-Methanol. ’ A solution of 

1.4 g (0.01 mol) of the imidate 9& and 30 ml of methan
ol was stirred and heated to 50-60°C as 1.07 g (0.02 
mol) of ammonium chloride dissolved in 10 ml of water 
was added. The solution became cloudy white and then 
cleared to reveal numerous insoluble crystals. The me
thanol was evaporated on the steambath from the clear 
solution. The residue was washed with water and then 
filtered. The product weighed 0.18g, mp 108°C; IR 
(KBr) (Fig. 8) £ 2940, 2870, 1620, 1590, 1505, 1455,
1380, 1230, 810, and 740 cm"1.

2 5B. Aniline. * A mixture of 0.465 g (0.005 mol) 
of aniline and 0.355 g (0.0025 mol) of the imidate 9a 
was heated on the steambath overnight. The infrared 
spectrum of the reaction mixture indicated that no 
reaction had occurred. IR (KBr) (Fig. 9) 0 3410, 3000, 
2260, 1670, 1610, 1435, 1270, 1160, 1100, 1040, 775,

2
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and 685 cm
1 21,1,2,2-Tetracyano-3,3-dimethylcyclopropane (83i).

A solution of 11.6 g (0.070 mol) of potassium iodide in 
34 ml of water was added slowly to a stirred solution 
of 5.0 g (0.034 mol) of bromomalononitrile in 18 ml 
(0.25 mol) of acetone. The reaction mixture was fil
tered. The crude yellow-white solid was washed with 
water and then recrystallized from 95% ethanol to give 
1.77 g (61%) of 8b: mp 209-212°C (lit.12 209.5-210°G);
IR (Or) (Fig. 10) b 3000, 2260, 1450, 1380, 1300,
1100, 975, and 720 cm”1.

Dimethyl 1,2-dicyano-3,3-dimethylcyclopropane-aLs.- 
1,2-diimidate (9b). A small amount of the tetracyano 
compound 8b was treated with boiling methanol to give 
a product of mp 163-166°C, dimethyl 1,2-dicyano-3,3- 
dimethylcyclopropane-cis-1,2-diimidate (9b). IR (Or) 
(Fig. 11) 0 3400, 3000, 2210, 1670, 1610, 1440, 1160, 
1130, and 1050 cm'1; 1H NMR (DMSO-dg) (Fig. 12) S 1.3 
(s), 1.55 (s), 3.3 (d), 7.3 (s); mass spectrum (Fig.

*4*
13) m/e 234 (M+), 203 (M+ - GH^O), and 58 (CH^O-C-NH); 
mol wt calcd 234, found 206.

Conversion of 8Ji to the Imidate SOi. Sodium Me- 
thoxide-Methanol.^ Sodium methoxide, preoared from

_ 1

0.02 g (0.002 mol) of metallic sodium and tO ml of
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methanol, was added to 1.0 g (0.0059 mol) of the di
methyl tetracyanocyclopropane 8b. The mixture was re
fluxed overnight. The hot yellow solution was neutra
lised with glacial acetic acid. Addition of cold 
water to the mixture cooled in an ice hath gave white 
crystals, mp 159-162°C; IR (KBr) (Fig. 14) d 3410, 3000,
2220, 1670, 1440, 1180, 1130, and 1050 cm"1.

1 21Reaction of So with Piperidine. ’ A solution of 
6.5 g (3.8 mmol) of the dimethylcyclopropane 8_b and 20 
ml of 95^ ethanol was stirred at room temperature as 
0.32 g (3.S mmol, 0.38 ml) of piperidine was added 
dropwise. After 20 minutes, a precipitate appeared.
The reaction mixture was allowed to stand and then di
luted with 10 ml of water. The crystals were filtered 
and washed with water. The product weighed 0.62 g, 
mp 135-136°C; IR (KBr) (Fig. 15) 0 3440, 3000, 2240, 
1670, 1610, 1430, 1120, and 1050 cm"1.
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In the recrystallization of the two nitriles,
1,1,2,2-tetracyanocyclopropane (Sa) and 1,1, 2., 2-tetra- 
cyano-3,3-dimethylcyclopropane (8b), treatment with hot 
methanol yielded the two imidates, dimethyl 1,2-dicyano- 
cyclopropane-cis-1,2-diimidate (9a) and dimethyl 1,2- 
dicyano-3,3-dimethylcyclopropane-cis- 1,2-diimidate (9b), 
respectively. These structures were supported by spec
tral data obtained from infrared, nuclear magnetic re
sonance, and mass spectroscopy. Attempts to convert 
these imidates to the esters and amidine salts were un
successful, giving unidentified products.

Treating 9b with piperidine and ethanol resulted 
in the ethyl imidate, diethyl 1,2-dicyano-3,3-dimethyl- 
cyclopropane-cis-1,2-diimidate.
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Figure 5: Dimethyl 1.2-Dicyanocyclopropane-cis-l,2-diimidate (9a)



Figure 6 Reaction Product of 8a with Methanol in the Presence of HC1
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Figure 8 Reaction Product of 9a_ with Aqueous Ammonium Chloride and Methanol



Figure 9: Reaction Product of 9a with Aniline
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Figure H i Dimethyl 1 ,2-Dicyano-3, 3-dim ethylcyclopropane-çis-l, 2-diimidate (9b)
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Figure 14; Reaction Product of 8b and Sodium Methoxide and Methanol
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Figure 15* The Reaction Product of 8b with Piperidine
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