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INTRODUCTION

During the last several years a study has been in progress in
this laboratory on ring-opening addition reactions of nucleophilic
reagents with cyclopropane compounds having one or more electron-
withdrawiné substituents on the ring., It has been demonstratedls2»3
that when two such groups are present on one carbon of the ring,
the cyclopropane ring behaves in a manner analogous to that of an
alkene linkage substituted on one carbon by one or more electron-
withdrawing groups. Ring cleavage occurs adjacent to the substituted
carbon, and addition of the nucleophile leads to 1,1,3-trisubstituted
propanes:

A(A + ZH ———p ZCH,CH,CEKA
B 272 B

Cyclopropane compounds used thus far in this investigation have been
diethyl cyclopropane-1,1-dicarboxylate, ethyl 1-cyanocyclopropane-~1-
carboxylate, 1-cyanocyclopropane-l-carboxamide, cyclopropane-1,1i-
dicarboxamide and diethyl 2-vinylcyclopropane-1,l1-dicarboxylate.
Ring-opening additions have been successfully demonstrated with
secondary amines, mercaptans, phenol and thiophenol.

Cyclopropane-1,1=dicarbonitrile has recently been prepared in
this laboratory, but because the initial methods of preparation
involved several steps and overall yields were low, a more direct
method of synthesis with improved yield is desirable.

A few preliminary experiments have shown that cyclopropane-1,1-
dicarbonitrile will give the ring-opening addition type of reaction

described above in ethanol at low temperatures.® It appears that

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-2
under other conditions a different type of addition reaction involving
one or both of the nitrile groups may occur. It is suggested that

amidines may be formed by the following type of reaction:

+d. =4

NRp
'
—/_E C=N {E :C=NH
+ RAONH e
2 CEN

C=N

This would be analogous to the reaction observed when cyanogen (CN),

or trihaloacetonitriles (XBCCN) are treated with secondary aminesA’Sg

NC-CN + R,NH —, NC-C=NH
NRy

ClBC-CN + BNH o ClBG—g;ZH

. c s CKR .

The simple addition products C=NH °* have not as yet been iso-
R,

lated——apparently because of further interaction, leading tc more

complex structures and probably polymers.

Since simple nitriles will not undergo such addition reactions
with nucleophiles, these additions are explained4’5 as being due to
the greater mobility of the electron pair of the nitrogen atom and
also to the higher electron deficiency of the carbon atom due to an
added inductive electron withdrawal by -CN or ClBCao Acetonitrile
does not react with amines because the inductive effect of the methyl

group compensates the mesomeric effect of the nitrile group as

followss t§ N -5 +, =§
CH3+—CEN: whereas 013—405N:

acetonitrile trichloroacetonitrile
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DISCUSSION

The first portion of this discussion contains a summary of the
synthetic methods which have been investigated for preparation of
cyclopropane~1,i=dicarbonitrile:

Cyclopropane-1,1-dicarbonitrile was initially prepared by

1

Stewart and Westberg by two methods. The first of these involved

the initial preparation of diethyl cyclopropane-1i,1-dicarboxylate
6

by a method originally described by Dox and Yoder  and later modified
by Stewart and Westbergo1 The diester wag then converted to cyclo-
propane-1,1-dicarboxamide with concentrated aqueous ammonia and the
diamide was dehydrated with phosphorus pentoxide to give cyclo-
propane-1,1=dicarbonitrile. The second synthesis involved the
initial preparation of ethyl 1-cyanocyclopropane-1-carboxylate

7 and later

by a method originally described by Jones and Scott
modified by Stewart and Westberg.1 The ethyl 1-cyanocyclopropane-
1-carboxylate was then converted to 1-cyanccyclopropane-1-carboxamide
by shaking with concentrated aqueous ammonia and the 1-cyanocyclopro-
pane~1-carboxamide was dehydrated with phosphorus pentoxide to give
the desired cyclopropane-1,1-dicarbonitrile.

Each of these methods required three steps and overall yields
were poor, 7% and 21-28% respectively. Therefore, it was desirable
to reduce the number of synthetic steps to two or, preferably, one.
Efforts were made to develop Perkin type condensations of malono-
nitrile or 2-cyanocacetamide with ethylene bromide in the presence

of various basic catalysts and in various solvents for the prepar-

ation of both cyclopropane~1,i-dicarbonitrile and 1-cyanocyclopro-
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pane-i-carboxamide:
0 «0
N (C’_NHZ ) solvent ’CN(CﬂNHz )
CHQ + sodium compound > Na(+)g(')Na(+)
‘o CN
0
y
CN(C-NHy ) o
| y
ra(t)c-Inalt) 4+ BremcnBr — IN\NCNE) | o apr
“CN 2 CN

Previous dialkylations of this type leading to open-chain compounds
have been reported using dimethylformamide (DMF)® and dimethyl
sulfoxide (DMBO)9 as solvents,

The direct condensation of 2~cyanoacetamide and ethylene
bromide with sodium hydride as catalyst in DMF resulted in a yield
of 44 percent 1-cyanocyclopropane-i-carboxamide. When DMSO was
used in place of DMF, a side reaction occurred between the hydride
and solvent which resulted in a reduced yield of 18%. The l-cyano-
cyclopropane-~1-carboxamide was dehydrated using both phosphorus
pentoxide (38%) and phosphorus oxychloride (25%). The best overall
yield by this route was 16.7% compared to 7% and 21% by the two
original routes,

Bergstrom and Agostinho10 reported that they were successful
in dialkylating acetonitrile using sodium amide in liquid ammonia

as follows:

(+) .., (=)
CH,CN + NaNH; ——3 Na' ‘CHy ‘ON

Na(*)CH,(-)oN + RX ——— RCH,ON + NaX
where R = phenyl
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RCH,ON + Na(+)CHé-) CN RéHgN + CHCN

_ Na ()
RCHCN + RX =— R,CHCN + NaX

However an attempt to dialkylate malononitrile with ethylene bromide
using a similar method described by Klundt11 resulted only in re-
covered starting materials.

The direct condensation of ethylene bromide and malononitrile
was attempted using various catalysts, solvents, and modes of addi-
tion., The best yields (17%-19%) were obtained by adding sodium
hydride to a DMF soclution of malononitrile and ethylene bromide
at 60°. The mole ratio 4:5:5 of malononitrile: ethylene bromide:
sodium hydride was considered best, however higher mole ratios
of sodium hydride did not effect the yield. Despite the poor yield,
the yield of final product was as good as that obtained by other
methods and eliminated one or two steps.

When the ethylene bromide was added dropwise under wvarying
conditions to a mixture of malononitrile and sodium hydride in
DMF no product was obtained. It was assumed that the sodium hydride
was catalyzing a polymerization of the malononitrile.

Tetrahydrofuran (THF), when used in place of DMF and under
the same conditions as those above, reduced the yield to 12%.

Use of sodium amige in THF under the above conditions yielded 12%
of the cyclopropane-1,1-dicarbonitrile.

Direct condensation of ethylene bromide and malononitrile
using sodium methoxide or ethoxide in DMF under the same conditions

as with sodium hydride in DMF failed.
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-6~
Ethyl 1-cyanocyclopropane-i-imidocarboxylate was prepared as
reported previously.1 All attempts to dealcoholate it using heat

alone, phosphorus pentoxide, phosphorus trichloride and phosphorus

oxychloride as reagents, failed.

OC,H
2 5 heat, or t A(CN
=NH + P05, or attempted N (No desired
PCl3, or reaction product)
CN P0013

Another route investigated was that described by Korte, Scharf,
and Bﬁchel12 for the condensation of malononitrile with 1,4 dibromo-

igoprene in THF, using suspended silver oxide as catalyst:

NOCH,ON + Agp0 =——ie3 NCCAgoCN + Hy0

CHZBr H C*C—
H4C\ 2 §7\
NCCAgZCN + C=C\ HBC CN

Br HQC CH,
Al]l attempts to condense malononitrile with ethylene bromide using
this method failed.

Although the best yields obtained through the direct conden-
sation reaction of malononitrile and ethylene bromide were in the
order of 17-19%, this may well be the best method of preparation
from the standpoint of the overall yield and the time saved by using
a single step procedure. Starting with the same amount of ethylene
bromide in all the cases shown, the preparation via the ethyl
i=-cyanocyclopropane-~l-carboxylate gave an overall yield of 28%.
(21-28% depending on yields in individual steps.) The method of

direct condensation of 2-cyanoacetamide and ethylene bromide gave
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a maximum yield of 22% (16~22%). The method starting with diethyl
cyclopropane~1,1-dicarboxylate afforded an overall yield of only

7% of cyclopropane-1,1-dicarbonitrile.

THE VARIOUS PREPARATIONS OF CYCLOPROPANE-1,1-DICARBONITRILE

BrCH,CH,Br BrCH,CH,Br
+ +
0 0
N % 20
CCH.C NCCH_C?
HsCo0" 2 0C,H; 2~ 00;Hs
RS ACOR 40-50% Na (+) (")OEtl 80%
in in
BrCH,CH,B
absEtOH -abs .EtOH 20HBr
Zl(cozczﬂ5 ﬁ :CN
C0,CoHs 00,0, Hs *
//O
NCGH,C-NHp
TC o .
L 43% N 70%
3 3 L% NaH
in DMF
Y 0 ,O

A<C;NH2 A<C'—NH2
C-NE, / \

P,0, POC1l3 P04
(25-33%) (38-50%)

33% \& u/

NaNH
(g;% ]Nln 12% ﬁ)

NC—CHZ—CN + BrCHZGHQBr
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Reactions of Cyclopropane-],l1-dicarbonitrile.

Experimental work directed at determining the possibility of
ring opening of cyclopropane-1,1-dicarbonitrile by nucleophilic
addition has been studied thus far only by the reaction of the
dinitrile with several secondary amines. An egriier study11 showed
that cyclopropanecarbonitrile (ZZEX_CN) would not react with second-
ary amines, Apparently this is due to insufficient electron delocal-
ization through one substituent nitrile group to cause the ring to
act as an electrophilic center. Westberg2 found that secondary
amines reacted easily with cyclopropane-1,1-dicarbonitrile (Ziiﬁ(%ﬁ)
in benzene, but he was unable to isolate any simple product.

When cyclopropane-1i, i-dicarbonitrile was treated with piperi-
dine in the presence of absolute ethanol for 18 hours at room
temperature, a product was obtained which could be distilled. It
formed a hydrochloride and on the basis of its infrared spectrum
and elemental analysis was found to be 2-(piperidino)ethylmalono-
nitrile,(I).

/\ o b N
+ absolute N =CH~r=CH~-CH’
CN QH > O] 2~ N

ethanol
(1)

When dimethyl amine was used as the nucleophile under the same
conditions with the exception that the reaction was run in the refrig-
erator, the ring of cyclopropane-1,1-dicarbonitrile was cleaved in
a manner identical to that shown with piperidine to yield 2-(di-

methylamino)ethylmalononitrile, (II).
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A(gg + (CH,),NH ::;:i‘:;e N (CH3)2NCH2-CH2—CH(3£
(11)

The infrared spectrum and elemental analysis confirmed structure
II. A much higher boiling material was alsoc obtained but its
structure was never established.

The infrared spectra of both I and II exhibited several absorp-
tion peesks between 3.5 and 3.6u which are typical of all products
of ring-opening reactions between substituted cyclopropanes and
secondary amines. These are attributed to the )N—CH2- grouping.1
There were no absorption peaks around 3.0w or 6.yu which are
indicative of ~C=NH and -C=N-, respectively, ;gérefore there was

2

no evidence of formation of an amidine ( C=NH).
CN
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EXPERIMENTAL®2

1-Cyanocyclopropane-]—carhoxamide, By condensgtion of 2-cyano-

acetamide and ethylene bromide.——A.-=To a cooled slurry of 8.7 g.
(0436 mole) of sodium hydride in 150 ml. of dry DMF in a 1-liter

three-necked flask equipped with stirrer, a condenser topped with a
calcium chloride drying tube, and a dropping funnel was added at
a fast dropwise rate with stirring a solution of 30.2 g. (0.36 mole)
of 2-cyanoacetamide in 100 ml. of DMF. After the mixture had
stirred at room temperature for one hour, it was again cooled and
66.5 g. (0.354 mole) of ethylene bromide was added rapidly through
the dropping funnel, The addition required about 90 minutes. The
mixture was then stirred at room temperature for two and a half
hours and then at 50° for one hour. It was then cooled and filtered
to remove precipitated sodium bromide. Most of the DMF was removed
by distillation at reduced pressure (40 mm.) with stirring. The
residue was dissolved in a minimum of boiling water and on chilling
gave 17 g. (44%) of crude product. Recrystallization from water
gave 15.5 ge (40%) of colorless crystals, mop. 158-160° (lit.1913
m.p. 160°),

B. A solution of 21.0 g. (0.25 mole) of 2-cyanoacetamide in
50 ml. DMSO was added dropwise to a slurry of 12.0 g. (0.5 mole)
of sodium hydride in 75 ml. of DMSO as described in A. After the
mixture had stirred for 45 minutes, 47.0 g. (0.25 mole) of ethylene

bromide was added through the dropping funnel with cooling and

8Elemental analyses were by Galbraith Laboratories, Inc., Knoxville,
Tennessee. Infrared spectra were run on a Beckman IR-5 infrared
spectrophotometers.
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-11=
stirring. After about 70% of the ethylene bromide was added the
mixture became solid. The solid was dissolved by adding 100 ml.
of benzene and heating over a steam cone. After heating the mixture
for one hour 15 ml. of glacial acetic acid in 50 ml. of benzene was
added and heating was continued for an additional 30 minutes. The
boiling solution was then filtered by suction to remove the sodium
bromide. On cooling the filtrate, long crystals were formed. The
mixture was again filtered, The crystals were highly soluble in
water and absolute ethanol and gave a precipitate with alcoholic
silver nitrate solution. They melted readily and when burned,
left a white inorganic ash which was water soluble. The filtrate
was distilled to remove most of the remaining DMSO. A dark crystal-
line so0lid remained which, after two recrystallizations from water
with decolorizing charcoal, gave 5 g. (18%) of colorless crystals,
mepe 159-162°,

Preparations of Cyclopropane=1,l=dicarbonitrile., A. By
dehydration of 1-cyanocyclopropane=i-carboxamide.-—A mixture of 12.5

ge (0.13 mole) of 1~cyanocyclopropane=1-carboxamide, 10 go. of sodium
chloride, 50 ml. of ethylene chloride, and 13.4 g. (0.09 mole) of
phosphorus oxychloride was heated by a hot water bath with stirring
for 5 hours and allowed to stand for 2 days at room temperature.

The mixture was then filtered and the solvent was removed on a steam
cone, The residue was distilled and 4 g. (33%) of a fraction,

bepe 85~110° (20 mm.), n25D 1.4405 was taken. This fraction was
dissolved in ether, washed twice with water and dried over anhydrous

magnesium sulfate. A final distillation gave a middle fraction of
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-12-
2.5 go (25%) of cyclopropane-1,1-dicarbonitrile bep. 102-105°
(20 mm.), 027D 1.4430 (11,7 bop. 1030 (20 mm.), 125D 1.4463].
Bo By direct condensgtion of malononitrile and ethylene bromide.
(1) Use of sodium hydride in dimethylformamide (DMF).-~The appar-

atus consisted of a 1-liter three necked flask equipped with solid

dropping funnel, argon inlet, reflux condenser topped with a calcium
chloride drying tube, and a magnetic stirrer. All equipment was
flame—-dried and provided with an argon atmosphere. Sodium hydrige,
5.5 go (023 mole) was added through a solid dropping
funnel to a stirred solution of 12.6 g. (0.19 mole) of malononitrile
and 43.2 g. {0.23 mole) of ethylene bromide in 75 ml., of dry DMF

at 50-60°, The addition required about two hours and the reaction
was exothermic, After an additional two hours, the mixture was
cooled and filtered to remove the precipitated sodium bromide.

Most of the DMF was removed by distillation under reduced pressure
with stirring, the residue was cooled, 100 ml., of ether was added,
and a further brecipitate of sodium bromide was removed by filtra-
tion. Stripping of the ether under reduced pressure left a red
liquid and distillation gave 3 g. (19%) of cyclopropane-i,i-dicar-
bonitrile, bop. 103-1060 (20 mm.), n25D 1.4400.

(2) Use of sodium amide in tetrahydrofuran (THF).--Using the

apparatus described in (1), a slurry of 11.7 g. (0,30 mole) of
sodium amide in 50 ml. of THF was added through a solid dropping
funnel over a 30 minute period to 10.0 g. (0.5 mole) of malono-
nitrile in 50 ml. of THF with external cooling by an ice bath,

After the addition of the sodium amide, 28.2 g. (0.15 mole) of
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-13=
ethylene bromide were poured into the mixture and heating was
initiated, At 60° an exothermic reaction began. The mixture was
refluxed for 90 minutes, cooled and filtered to remove precipitated
sodium bromide. Most of the THF was removed by distillation, the
residue was cooled, 50 ml. of ether was added, and a further prezip-
itate of sodium bromide was removed by filtration. Stripping of
the ether under reduced pressure left a red liquid which distilled
to give 1.6 g. (12%) of cyclopropane-t,1-dicarbonitrile, bope
115° ( 40 mm.), n25D 1.4438.

(3) Use of sodium hydride in tetrshvdrofuran (THF).--The apparatus
and method were generally the same as degcribed in (1). A slurry
of 20.7 go (0.90 mole) of sodium hydride in 100 ml. of THF was added
to a solution containing 39.6 g. (0.6 mole) of malononitrile and 124
g. (0,66 mole) of ethylene bromide in 250 ml. of THF, The purifi-
cation was similar to that described in (2) with the following
changes., The solution was made slightly acidic with diluts hydro-
chloric acid before the THF was removed, and the ether extracts were
washed with water, and with saturated sodium chloride solution and
were then dried over magnesium sulfate. Stripping of the ether
under reduced pressure left 54 g. of red liquid which distilled

to give 5.0 go (12%) of cyclopropane-1,1-dicarbonitrile.

Preparation of ethyl l-cyanocycloprcpane-i-imidecarbexylate.

The preparation followed the method described by Stewart and Westbergj
and distillation gave 35% of crude product.
Attempted removal of ethanol from ethyl 1-cyanocyclo e—1-

imidocarboxylate.~=A mixture of 6 g. (0,043 mole) of ethyl 1=cyano=
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-1l
cyclopropane-1-imidocarboxylate and 2.1 g. of phosphorus pentoxide
was mixed thoroughly by shaking in a 125-ml, Claisen distilling
flask at 20 mm. pressure. The flask was then submerged in an oil
bath preheated to 175° and the bath temperature raised to 200°,

No distillate was obtained and a nondistillable tar remained.
Other attempts using phosphorus trichloride and phosphorus
oxychloride also gave none of the desired product.

e=1,1=dicarbonitrile in

Reaction of piperidine with cyclopro

absolute ethanol.—To a solution of 1.5 g. (0,019 mole) cyclopropane-
151~=dicarbonitrile in 18 ml, of absolute ethanol was added at a fast
dropwise rate 1.9 go (0.022 mole) of piperidine., The mixture was
allowed to stand for eighteen hours and then was distilled to give
102 go (36%) of colorless distillate, bepe 104=108° (0,5 mm.).
A final distillation gave three fractions, all having about the same
boiling point and refractive index. The produczt proved to be
2-(piperidinc)ethylmalononitrile, bep. 102:5-103,5° (0.5 mm.),
ne3D 1,4687.

Anal. Calcd. for CqpHqsN3: G, 67.76; Hy 8.48

Found: C, 67.62; H, 8,70

The infrared spectrum in carbon tetrachloride solution showed peaks
at the following wave lengths in ;¢ 3,40 (s)e 3050 (m), 3,57 (m),
Lol3 (vw)s 6,80 (m, sh at 6,91), 7.25 (m), 7.39 (m), 7.67 (m),
7,95 (m), 8,25 (m), 8,63 (m), 8.87 (8); 9.60 (m), 9.9 (w), 10.36
(m)o There were no -C=NH peaks at 3.00 u or 6,1/u_to indicate amine
addition across the nitrile group.

The hydrochloride was prepared and after one recrystallization

from absolute ethanol melted at 191-192°.
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Reaction of dimethylamine with cyclopropane—1,1=dicarbonitrile

in absolute ethanol.--To a cool solution of 2.3 g. (0,025 mole) of

cyclopropane-1,1-dicarbonitrile in 20 ml. of absolute ethanol in
a pressure bottle was added rapidly 2.25 g. (0,050 mole) of dimethyl-
amine. The mixture was allowed to stand for 48 hours in the refrig-
erator and distilled to give 2.1 g. (61%) of colerless distillate,
bepe 73-75% (0.5 mm.) and 1.0 g. (29%) of a viscous yellow liquid,
b.p. 130° (0.5 mm.). The first fraction was redistilled yielding
1.05 g. (30%) of colorless liquid, b.p. 69-70° (0.5 mm.), n25D
104420, assumed to be 2-(dimethylamino)ethylmalononitrile,

Anal, Caled. for CpHqqN3: C, 61.28; H, 8,08

Found: C, 61.12; H, 8.4

The infrared spectrum in carbon tetrachloride solution showed
peaks at the following wave lengths in g 3.4 (s), 3.5 (&),
3455 (8)y 3.6 (8)s 4eld (W)s 6.1 (m), 6.84 (s), 7.25 (m) 7.44 (m),
7.9 (m=s); 843 (m=38), 8,65 (m-5)y 901 (m), 904 (m-5), 9.62 (s), 10.2
(w-m). Again there were no -C=NH pesks at 3eQu ar 6,}ui.rﬁieatlve of amidines.

The hydrochloride was prepared and, after two recrystallizations
from absolute ethanol, melted at 160-162°, The infrared spectrum
in DMF solution showed peaks at the following wave lengths in/M :
2.87 (8)s 3054 (m), 5.9-6.1 (s, broad), 6.7=7.3 (s, broad), 8.1 (m),
9.2-9.4 (s, broad), 11.57 (w), 15.3 {(m, broad).

An attempted distillation of the second fraction [b.p. 130°
(1 mm.i] resulted in decompositicn. A small amount did distill at
125° (1 mm.) after a forerun of 70-115°, No elemental analysis was
obtained, but its infrared spectrum was quite different from that

of the lower boiling fraction, It was not identified.
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SUMMARY

a. Attempts were made to improve the established methods of
preparing cyclopropane-=1,1-~dicarbonitrile from the standpoints of
yield and time requirement. A method was found to directly condense
malononitrile and ethylene bromide in the presence of bases, such
as sodium hydride and sodium amide, in several solvents.

b. The ring-opening additions of cyclopropane-1,1-dicarbo=~
nitrile with piperidine and dimethylamine were studied, and struct-

ures were established for the products.
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INTRODUCTION

The physical and chemical properties of cyclopropane are quite
different from saturated hydrocarbons and it exhibits some olefinic
character. There are, however, many confiicting reports regarding
the ability of a cyclopropane ring to enter into conjugation with
unsaturated groups. The ability of the cyclopropane ring to trans-
mit or extend conjugation has been under study in the chemistry
laboratory at the University of Mcntana zs well as several other
laboratories.

In order for cyclopropane t¢ exhibit double bond character
its electrons must be delocalized. This delccalization was pre-
dicted theoretically be Coulson and Moffitto ! They suggested that
each carbon atom is at the corner of an equilateral triangle and the
hydridization is such that the two orbitals from any one cgrbon, in
the plane of the ring, make an angle between each other of 1060.
This implies that the external valence angle should be near 113°.
The C-C bond lengths in the ring are therefore shorter than those

of saturated hydrocarbons,

Arrovws represent hybrid

ocrbitals of cyclopropyl

carbonse.

Roger82 reported that the ultraviolet absorption band of cyclo~
propyl methyl ketones lies between those of iscpropyl methyl ketone

and vinyl methyl ketone, indicating some olefinic chargcter of the ring.
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Smith and Rogier3 studied 2-phenylbicyclopropane (z{}ﬁ[{>§C6H5)
using molecular refraction, wltraviolet and infrared spectra, and
its reactions and found that it did not exhibit any conjugative
effects beyond those shown by phenylcyclopropane ( CéHS)o

A study of the ultraviolet absorption of umbelluloneé'(ﬁ§;Lo)
showed that the unsaturation of the cyclopropane system is much
different from that of an olefin, in that it appears capable of

extending conjugation but incapable of transmitting conjugation.

The cyclopropane ring of umbeliulone exerts a pronounced
effect upon the ultraviolet absorption of this compcund not observed

in the ultraviolet spectra of the tricyclic ketone (Q%Eﬂ) or

ﬁLdihydroumbellulone_(6;;k3). These observations can be explained
theoretically by the non-classical cyclopropylmethyl carbonium
ion: @ & The bathochromic effect of the cyclopropane ring
in umbellulone is believed due to this carbonium ion, wherein the
unsaturation of the cyclopropane apparently enters into conjugation
with the alpha, beta unsaturated carbonyl system.

Fuson and Baumgartner report6 that mesityl propenyl ketone

0
( —<C::§%b-GH:CHCH3) adds Grignard reagents and active methylene

compounds in a 1,4 manner, whereas the same is not true for mesityl

0
eyclopropyl ketone (4C:2—6_ZC§ Yo

Trachenberg and Odian’ studied the relative conjugative effects

in transg=~cinnamic acid, trans-2-phenylcyclopropane carboxylic acid,

and A-phenyl propionic acid by comparing the relative abilities of
various m~ and p-substituents to affect the acidity of the carboxyl

group in the above acids. They concluded that the cyclopropane
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ring behaves like the saturated analog and differs markedly in its
behavior from an olefinic group, showing nc tendency to transmit
conjugation,
R. W. Kierstead, R. P. Linstead and B. C. L. Weeden® studied
the addition of ethyl sodiomalonate to diethyl 2-vinylcyclopropane—
141-dicarboxylate.
CH,=CH-CH-GHCO,CoH

p 0 > A.
CH2-0H00202H5
CH_=CHCHCH(CO-C.H_.)
= A + © - 2 2 2 2
GHé CH (00202H5)2 + Na [;CH(00202H5)éJ — , 5 B
CHZCH(COLoH)

(CoH50,C),CHCH,CH=CHCH,CH(COC )y Co

The isolation of C as well as A and B demonstrated that in this
reaction the cyclopropane ring is apparently capable of transmitting
conjugation between the vinyl group and the carboxylate groups.

Mohrbacher and Cromwell? studied the ultraviolet and infrared
spectra of some trans-2-phenylcyclopropyl aryl ketones and reported
that the cyclopropane ring was capable of transmitting conjugative
effects from the 2-phenyl group to the ketone group.

E. P. Carr and C, P. Burt 10 studied the ultraviolet spectra
of the three compounds IV, V, VI and found that the saturated

compounds showed the least general absorption, the cyclopropyl

06H5?H ~CH,COC Hy 06H5aq3;n+coc H5 06HSCH“E-0006H5
HG—(0020H3)2 c(co»ZCHB)2 H (co 3)2
v b VI
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derivatives slightly more, and the ethylenic compound the greatest.
absorption. Their conclusion was that the cyclopropane ring could
transmit conjugation to a limited extent.

Pagenkopf11

studied the product mixtures from reactions of
typical nucleophiles with diethyl 2-vinyleyclopropane-1i,1-dicar-
boxylate, and found that mainly a simple ring-opening reaction

(1,4~addition) had occurred. In most cases, however, some of the

1,6-addition product was also isolated,

_5
0
C CH2 ,002021'1
H20=CHZ¥(C°2°2H5 — Hzc_CH-CHH2050‘002H5 +2f g C=CH-CH Qp 2
CO2C2H5 +$ CO2C2H5 Z  COpCaHs
3 1,4 addition

o~
,CHy ¢ ,CHp, CO,CH
HZC—CH=CH ¥ NOC2Hs _*ZH Hzc-.cH«(:H & 2 27
COxCoH5 "002CHHs

1,6 addition

This indicated that there is some tendency for transmission of

conjugation through the cyclopropane ring in this compound.
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DISCUSSION

The purpose of this study was to further elucidate the question
of whether or not a cyclopropane ring can extend a chgin of conju-
gation, This was to be determined by the analysis of the reaction
products of amines and other nuclecphiles with 1,{=disubstituted
2-cyclopropylethenes, ZC:»CHtC<§ (where X and Y represent electron-

withdrawing groups).

X
A,,CHzc(z —> Acn-cff&—*—z-li& ACH-G/I;

d
I 1.4 addition
C -4 /X
el X
cH H20H=CH—C’ . 2H, ZCH,,CH,CH=CH

1,6 addition

Products of 1,6~additiorn would indicate that the cyclopropane ring

had extended the chain cf conjugation.

Syntheses of the desired compounds of the type ZKEX-CH:C<§$
4201'
followed the method described by A. C. Copeoa 212 He condensed

ketones with cyancacetic acid esters in the presence of wvarious
catalysts in a modification of the Knoevanagel reaction. The

mechanism of the Knoevenagel reaction involves the following

steps:
/CN (_) /CN I’C:NH
\
\ GO,CH,4 CO,CH3 CO,CH,
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/oN /oN
RC=0 + (-)ég + HY &—= R208-—CH
\
\ CO,CH; H\c0,CH;
CN c=c{CN + wt + om- (H,0)
R, & — 2%%co.cn, or (Hy

H \0020H3

Either cyclopropane carboxaldehyde or a cyclopropyl ketone
was required as initial starting material., Our first attempt
was to prepare the aldehyde. The first preparation of ¢yclopro-
pane carboxaldehyde was that described by Smith and Rogier14 who
reported a 48% yield. Our yields using this method were only
15=20% of impure material. Modifications of this method failed
to increase the yield.,

H. C, Brown, et 3;015 reported that cyclopropanecarbonitrile
could be partially reduced to the aldehyde using lithium trieth-
cxyaluminohydride EPiAl(OCzHS)BBj with a yield of 69%. Numerous
attempts to repeat this work fajled.

The method reported by Brown and M’cFarlin16 and by Brown and
Raol7 for partial reduction of cyclopropane carboxyl chloride with
lithium tri-t-butoxyaluminohydride [LiAl(0-t-Bu) 31ﬂ resulted in
little product.

Attempts were made to reduce N,N-dimethyl cyclopropane carbox-
amide to the aldehyde using two methods. The firsgt ubilized

1ithium diethoxyaluminohydride18 [éiAl(OEt)2H2] as a reducing agent

and the second lithium aluminum hydride,19
fS(CH ) LlAl(OEt)ZHQ}P AC:’% (I“epDI‘ted y‘ield . g
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Both of these reactions failed to yield the desired aldehyde.

The only explanation for the failure of all of these reduc-
tions is that the lithium aluminum hydride may not have been of
good grade.

Efforts were shifted to the use of cyclopropyl methyl ketone,
which was prepared in good yields as described in Organic Synthesis?o
The ketone was readily condensed with ethyl cyanocacetate using

ammonium acetate as catalyst.13 The product, 1-cyanc 1-carboethoxy
CH1s

2-methyl 2-cyclopropyl ethene (I), ( '=é<g§202H5 ) was found
to be present as a mixture of geometrical isomers, a solid trans-~
isomer® (48%) and a liquid cig-iscmer (35%). Both had the same
infrared and near infrared spectra and elemental analysis. The
liquid cig-isomer could be partially comverted to the solid
trans-isomer by heating at 140°. This was believed to be an
equilibrium process since, if some of the solid trans-isomer was
removed by some means, more would form on continued heating.

The condengation of methyl cyclopropyl ketone with malononitrile

under the same conditions as described for the ethyl cyanoacetate

reaction gave an 88% yield of 1,1-dicyano 2-methyl 2-~cyclopropyl
CH

. '_B,CN <
ethene (II), ( C_C‘CN)° Proof of structure was based on its
infrared and near infrared spectra and its elemental analysis.

The condensation of methyl cyclopropyl ketone with 2-cyano-=
acetamide resulted in a 31% yield of 71=eyanc j-carboxamido 2-

) CH3 0
methyl 2-cyclopropyl ethene (II1I), (zfﬁhé=CIC~NH2), Elemental
\

analysis and the infrared spectrum verified this structure.

#Assignment of cis, iLrans terms were arbitrary.
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Attempts to prepare 1,1-dicarboethoxy 2-methyl 2-cyclopropyl
ethene (IV), (Zfihg-C'CO2CZH5) using the above method failed.
Acetamide, dlethylamlne, plperldlne, triethylamine and pyridine
were also used as catalysts in this attempted regction with no
success. The direct conversion of I to IV was also tried according

to the equations below, but only starting material was recovered.

CH3
I CN H2S0 Q c CoH
C02C285 reflux 2V
CH : AHC1™
A-é=r3:’CN + dry HO1 + C,oHcOH ——> Acig,coczns
~C0,CHs5 =275 ~C0,C,Hs
NH201"
CH3
A_c G OCZH')' + HOH /\l /GOZCZH5
C0,C,Hs YCO2C2Hs

The reaction of secondary amines with 1=cyano 1-carboethoxy
2-methyl 2-cyclopropyl ethene (I) was first investigated. The
amine and I were dissolved in absolute ethanol, sealed in a test
tube, and heated from 3-2/ hour periods at 100-120°. The reactions
that were run for shorter periods of time resulted in some recovered
starting material and tars, while the regctions over longer
periods of time formed five or six products gs was shown by thin-
layer and ggs chromatography. None of these prcducts appeared to
have the expected properties of the desired product.

When I was dissolved in hot p-butanol and a solution of
piperidine in n-butanol was added slowly at reflux temperature,

a reaction occured and a new liquid compound was isolated. When
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morpholine, diethylamine, and Triton B (benzyltrimethyl ammonium
hydroxide) were used in place of piperidine, a similar reaction
occurred in each case and the same liquid product was obtained.
This product was found to be the result of transesterification

of the ethyl ester.

CH3
| ° cN secondary amine CH3 oN
A—c:c(co . + n-C, HyOH —— /\":,:c(
2Va s or Ilriton 0022_041{9
1 v

The product was shown to be 1~cyano i1-carbobutoxy 2-methyl 2-cyclo-
propyl ethene (V) by elemental analysis and by its near-infrared
and infrared spectra. In the presence of the stronger base
Triton B, more decomposition was observed than when a seccondary
amine was used. The use of itriethylamine under the same conditions
resulted in no transesterification.

Transesterifications using amines as catalysts have been

reported a few times previously. For example, WOodward21

reported
an ester interchange betyeen glycols and dimethyl terephthalate
in the presence of tertiary and secondary amines.

Other attempts to regct piperidine with I using dimethyl-
formamide or toluene in place of p-butanol failed. Attempts to
force the addition reaction by use of a stronger basic catalyst,
using V, morpholine and n-~butanol as above, with three drops

of Triton B, for example, resulted only in recovered starting

material V,

When a solution of thiophenol and I were refluxed for 7 hours

in absolute ethanol under argon in the presence of sodium ethoxide,
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a ring-opening addition (1,6 addition) occurred. The liquid
product showed strong absorption peaks at 14°§u (indicative of
~C-8-C-)?2 and 6.21 (indicative of -0=6-)*? and lacked an
absorption peak in the near-infrared at 1063u.(indicative of a
cyclopropane ring). The ester peak of the product appeared at
1735 cm:1, compared to 1725 cmT! in I, indicating that the double
bond was no longer conjugated with the electron-withdrawing
groups., Elemental analysis proved the product to be 1~-cyano

1-carboethoxy 2-methyl 5-(phenylthio)pentene—2,[ethyl 2-cyano

) ., o /SH gHBH/CN
3-methyl 6-(phenylthio) 3-hexenoate, <::>FS"CH2 H=C-C CO2C2H5°

i
When a solution of 1-butanethiol and I was refluxed for
7 hours in absolute ethanol under argon in the presence of sodium
ethoxide, a ring-opening addition occurred. The yellow liquid
showed infrared absorption peaks at 6,23M (indicative of -C=C-),
A.SQp\(indiCative of =C:N), a very weak peak at 1.63u (indicative
of the cyclopropane ring) and lacked a band at about 3.0m
(indicative of =NH)., The product was assumed to be 1-cyano 1-car-
boethoxy 2-methyl 5-(butylthic)pentene-2, [ethyl 2-cyane 3-methyl
_ CHy, CH3,CN
6—(butylth10)3-hexenoaté], B'CAHg"S'CHz CH=C—CH
C0,C5Hs
Elemental analysis gave an acceptable result for hydorgen but
not for carbon. It would appear on the basis of the near-infrared
and infrared spectra that the structure indicgted is correct but
that something is wrong with the analysis for carbon. An analysis

for nitrogen will be obtained.

Reason for successful reaction here is undoubtedly the greater
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nucleophilic strength of the thiophenocate and 1-butanethiolate
anions as compared to amines,

An attempt to react phencl with I in the presence of sodium
ethoxide in a sealed tube at 105° for 24 hours gave only starting
material and a little nondistillable tar.

The regctions of 1,1-dicyano 2-methyl 2-cyclopropyl ethene
with dimethylamine, diethylamine or piperidine resulted in isolation
of new solid products. The infrared spectrum in chloroform
solution of each showed peaks at 2.9éu and at 6.08 and 601%/Ao
It has been reported22’23 that absorption peaks around 3.0u are
indicative of -C=NH group, and those around 6o}u,are indicative
of =C=N-, It appeared likely that the reactions were taking the

following course:

CH3 on ?HB NR,
c=¢’ + R2NH absolute ethanol 5 { } C=C’C=NH
\CN or no solvent “CN

However, elemental analysis results for the products were not
within acceptable limits and it was apparent that some impurity

was present which had very similar properties.
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EXPERIMENTALC

Cyclopropane carboxaldehyde A. _Reduction of cyclopropane

carbonitrile with lithium aluminum hydride.--~The partial reduction
of cyclopropane carbonitrile by lithium aluminum hydride as

described by Smith and Rogier'4 resulted in yields of only 15-20%
of impure material, compared to a reported yield of 48%. Modi-

fications of this method did not increase the yield.

B. Reduction of cyclopropane carboxyl chloride with lithium

tri-t-butoxyaluminohydride.-~Attempts to prepare cyclopropane
carboxaldehyde by the partial reduction of cyclopropane carboxyl

chloride with lithium tri-t-butoxyaluminohydride using the method

16,17

of Brown gave only a 20% yield of impure material.

Cs. Reduction of cyclopropane carbonitrile with iithium triethoxy-
aluminohydride.--Attempts to prepare cyclopropane carboxaldehyde

by the partial reduction of cyclopropanecarbonitrile with lithium
triethoxyaluminohydride, reported by Brown Shoaf and Garg'’ to
give a yield of 69%, all failed.

D. Reduction of N,N-dimethyl cyclopropane carboxamide with

lithium diethoxygluminohydride.-—Attempts to partially reduce
N,N-dimethyl cyclcpropane carboxamide with lithium diethoxy-

aluminohydride by the method of Brown and Tsukamoto18 falled.

Methyl cyclopropyl ketone.--The preparation procedure
20

followed that described in Organic Synthesese.

PElemental analyses were by Galbraith Laboratories, Inc., Knoxville,
Tennessee. Infrared spectra were run on a Beckman IR-5 infrared
spectrophotometer. Near-infrared spectra were run on a Coleman
Hitachi EPS-3T spectrophotometer.
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Preparation of 1-cyano 1-carboethoxy 2-methyl 2-cyclopropyl

ethene (I).--A. Using ammonium acetate, glacisl acetic acid,
and benzene.—-In a 125 ml. extraction flask equipped with a water
separator and condenser were mixed 20 g. (0.24 mole) of methyl
cyclopropyl ketone, 25 g. (0.22 mole) of ethyl cyanoacetate, 1.9 g
(0.025 mole) of ammonium acetate, 5.7 ml. of glacial acetic acid
and 50 ml. of benzene. The solution was heated at reflux (~100°)
for 24 hours with stirring and the water formed during the reaction
was removed in the water separator. The solution was cooled,
75 ml. of ether was added, and the whole solution was washed twice
with water. The ether solution was then dried over calcium
chloride and the ether and benzene were removed by evaporation
on a steam cone. The residue was recrystallized from 70% ethanol,
giving 19.0 g. (48%) of the trans-isomer of 1-cyano 1-carboethoxy
2-methyl 2~cyclopropyl ethene (I). After six recrystallizations,
the solid isomer melted at 81.0-82.0°.

Anal. OCalcd. for CqoHq3NO,: G, 67.01; H, 7.33

Founds C, 66,68; H, 7.21

The mother liquor was diluted with water, the solution was
saturated wit sodium chloride and then extracted with ether. The
ether extracts were dried over magnesium sulfate and the solvents
were stripped under reduced pressure. Distillation of the residue
gave 13.6 g. (35%) of the liquid cis-isomer of I, bep. 98-99°
(0.05 mm.), n25D 1.5117,

Ansl. Caled. for CqgHq3NOp: C, 67.01; H, 7.33; N, 7.81

Found: C, 66.84; H, 7.37; Ny, 7.91
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The infrared specira of both isomers of 1-ecyano 1-carboethoxy
2-methyl 2-cyclopropyl ethene in carbon tetrachloride solution
showed peaks at the following wave lengths in/p: 3.45 (w),

Le50 (W), 5¢80 (vs), 6.32 (s8), 6.84 (vw), 6,92 (vw), 7.22 (vw),
7.31 (w), 7.67 (8), 8.02 (vs), 8.39 (s), 8.78 (w), 9.11 (w),
9036 (8), 9.66 (vw), 10.7 (m), 11.35 (vw), 11.72 (w).

A similar reaction using acetamide in place of ammonium
acetate resulted a yield of only 5% of the irans-isomer. No gis-
isomer was isolated.

The gis-isomer was partially converted to the irans-isomer
by heating at 140° for several hours,

B, Using piperidine in the presence of magnesium sulfate.--

In g 50-ml. flask equipped with a reflux condenser were placed

8.4 g. (0.10 mole) of methyl cyclopropyl ketone, 11.3 g. (0.10 mole)
of ethyl cyanoacetate, 1.7 g. (0,02 mole) of piperidine, and 2.0

g. of anhydrous magnesium sulfate. The mixture was refluxed for
five hours, cooled, and enough water was added to dissolve the
magnesium sulfate. The mixture was then extracted three times

with ether and the ether exiracts were dried over calcium chloride.
Removal of the ether gave only 1.8 g. (10%) of the trans-isomer

of I. No cis-isomer was isolated.

Preparation of 1,1-dicyano 2-methyl 2-cyclopropyl ethene (II).——

Using ammonium acetate, glacial acetic acid, and benzene.--The

reaction was run exactly as described for 1 above, using 22.3 g.
(0,266 mole) of methyl cyclopropyl ketone, 21.0 g. (0.32 mole) of

malononitrile, 2.0 g. (0.026 mole) of ammonium acetate, 6.4 Mmls

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



=33
of glacial acetic acid, and 60 ml. of benzene. Recrystallization
of the crude product from 70% ethanol gave 31.9 g. (88%) of the
solid, 1,1-dicyano 2-methyl 2~-cyclopropyl ethene (II). After
three recrystallizations from 70% ethanol, it melted at 64.0-64.5%.
Anal. Caled. for CgHgNo: OC, 72.69; H, 6.11
Found: C, 72.76; H, 6.36
The infrared spectrum of II in carbon tetrachloride solution
showed peaks at the following vave lengths in iz 3.31 (m),
Lol9 (8), 6036 (vs), 6.98 (m), 7.26 (m), 7.62 (m-s), 8,22 (vs),
9.19 (m), 9.46 (m), 9.84 (w=m), 10.71 (vs), 11.23 (w), 11.97 (w-m),
15.0 (m).
Preparation of 1l-cyano l1-carboxamido 2-methyl 2-cyclopropyl

ethene §III). Using ammonium acetate, glacial acetic acid, and
benzene (or toluene).--The reaction was run as described for the

condensations in the preceding sections, using 4.2 g. (0.05 mole)
of methyl cyclopropyl ketone, 4e2 g. (0.05 mole) of 2-cyanocacet-—
amide, 0.4 g. (0.026 mole) of ammonium acetate, 1.2 ml. of glacial
acetic acid, and 10 ml. of benzene (or toluene). Recrystalliza-
tion from 95% ethanol gave 2.3 g. (31%) of white erystals,
1-cyano 1-carboxamido 2-methyl 2-cyclopropyl ethene (III)
melting at 167-168,5°.
Anal. Caled. for CgHioN,0: C, 63.97; H, 6.725 N, 18,66
Found: G, 64.12; H, 6.71; N, 18.80
The infrared spectrum of III in a pctassium bromide pellet
showed peaks at the following wave lengths in ALz 2.97 (8)s

3.15 (8), 3.6 (vw), 4.52 (m), 6.08 (s, sh at 6.16), 6.34 (s),
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7.02 (vw), 7.20 (m), 7.34 (m), 7.75 (w), 8.35 (w), 8.47 (w),
8.72 (w-m), 8.8 (vw), 9.36 (w), 9.48 (m), 9.82.(w), 10.76 (m),

114 (vw), 12.4~12.7 (m, broad), 13.4 (w-m, broad), 14.45 (m).

Attempted resctions of 1-cyano l1-carboethoxy 2-methyl
2=cyclopropyl ethene with secon amines.~-~The reactants were

dissolved in absolute ethanol and placed in a 200 mm. x 25 mm.
tube which was sealed with an argon atmosphere and heated in a
pressure~type bomb for periods of 3-20 hours at 100-120°.  The
ethanol was removed and the residue distilled to give a mixture

of products which were not identified.

Transesterification of J-cyano 1-carboethoxy 2-methyl 2-cyclo-

ropyl ethene (I) to 1-cyano 1-carbobutoxy 2-methyl 2-cyclo-
propyl ethene (V). A. _Using diethylamine as catalygt.—-To a
refluxing solution of 7.1 g. (0.040 mole) of I and 30 ml. of n-butancl
in a 300 ml. three-necked flask equipped with a condenser, dropping
funnel and magnetic stirring bar, a solution of 3.47 g. (0.048
mole) of diethylamine in 20 ml. of n-butanol was added slowly
through a dropping funnel. The addition required two hours.
The mixture was then heated at reflux for an additional two
hours, cooled, and the diethylamine and excess n-butanol were
distilled under reduced pressure. The remaining liquid was
then distilled twice yielding a 4.9 g. (59%) of colorless distillate,
1-cyano 1-carbobutoxy 2-methyl 2-cyclopropyl ethene (V), b.p.
95-96° (0.05 mm.), n°°D 1.5026.

Anal. Calcd. for CqpH47NO2: €, 69.52; H, 8.28; N, 6.76

Found: C, 69.79; H, 8055; N, 6-94
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B. Using morpholine as catalyst.--The reaction was run exactly
as described in A above, except that 4.28 g. (0.048 mole) of
morpholine was used in place of the diethylamine, Final distil-
lation gave 2.5 g. (32%) of pure liquid distillate V, b.p. 109°
(0.1 mm.), n25D 1,5029.

Anal. Calecd. for CioHq7NOo: C, 69.52; H, 8.28; N, 6.76

Found: C, 69.86; H, 8.59; N, 7.08

C. Using piperidine as cgtalyste.--The reaction was run as de-
seribed in A, using 11.0 g. (0.061 mole) of I, 4.75 g. (0.055 mole)
of piperidine and 70 ml. of n-butanol., Distillation gave a crude
yvield of 7.3 g. (58%) of V. A second distillation gave a color-
less distillate (V), bep. 110° (0.1 mm.), n25D 1,5022.

Anal. Calcd. for Cq2H¢7NO2: C, 69.52; H, 8.28; N, 6.76

Found: GC, 69.34; H, 8.41; N, 6.90

D. Using Triton B, (benzyltrimethyl ammonium hydroxide
catalyst.—-The reaction was run as described in A, using 4.5 g.
(0.025 mole) of I, 2.8 go (0.0015 mole) of Triton B and 28 ml,
of n-butanol, After the n-butanol was distilled, the residue
was cooled, 25 ml, of benzene was added, and the benzene layer was
washed twice with 3 N hydrochloric acid, twice with water, and
then dried over anhydrous magnesium sulfate. Removal of the benzene
left 3 g. of reddish liquid which distilled to give 1 g. (22%) of
a colorless liquid V, bep. 110-111° (0.1 mm.), n25D 1.5010.
No elemental analysis was obtained but this product was identical
with that obtained in procedures A, B and C above.

The infrared and near-infrared spectra in carbon tetrachlor-
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ide solution of the above products were identical and very similar
to those of the starting material, 1-cyano 1-carboxyethyl 2-methyl
2=cyclopropyl ethene,

Thin layer chromatography showed only one product in each
case.
E. Using triethylamine as catalyst.--When triethylamine was used
in place of the secondary amines under the same conditions, no
reaction occurred.

Reaction of {-cyano j-carboethoxy 2-methyl 2-cyclopropyl
ethene with thiophenol.~-A solution of sodium ethoxide was pre-

pared under argon using 0.05 g. (0.0022 mole) of sodium in 20
ml. of absolute ethanocl. To this solution was added 3.3 g.
(0.030 mole) of thiophenol, and then 4.5 g. (0.025 mole) of I.
The mixture was then heated at reflux for 7 hours. The ethanol
was distilled under reduced pressure. The residue was cooled,
dissolved in ether, washed three times with water and once with
a saturgted sodium chloride solution. The ether extracits were
dried over calcium chloride. The ether was removed under reduced
pressure, leaving 4.5 g. of yellow residue. Distillation gave
3.5 g« (4L8% based on an addition product) of colorless liquid
assumed to be 1-c¢yano 1-carboethoxy 2-methyl 5-(phenylthio)pen-
tene—=2, bep. 167-168° (0.10 mm.), n?5D 1.5558.

Anal. Calcd. for CqgH19NSOg: C, 66.39; H, 6.63; N, 4.8

Found: C, 66.28; H, 6,71; N, 4.88
The near infrared spectrum in carbon tetrachloride solution

showed peaks al the following wave lengths in/tt: 1,19 (w)s
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122 (W), 1.43 (W), 1.72 (8), 1.79 (m), 1.93 (w), 2.07 (w, broad),
2.18 (8), 2.21 (w), 2.23 (W), 2.29 (8); 2.33 (s), 2.38 (m), 2.44
(m), 2.50 (s).

The infrared spectrum in carbon tetrachloride solution
showed peaks at the following wave lengths in m: 3.25 (w), 3.40
(s, sh at 3.48), 4.50 (m), 5.76 (s), 6.21 (s, sh 6.29), 6.75 (s),
6.93 (s), 7.29 (m), 7.75 (w, broad), 7.87 (w, broad), 8.15 (w,
broad), 8.65 (w-m), 9.10 (m), 9.30 (m), 9.72 (s), 10.68 (w),

11.6 (m), 13.6 (m), 14.5 (s).

Reaction of J-cyano l1-cgrboethoxy 2-methyl 2-cyclopropyl

ethene (J) with 1-butanethiol.--The reaction was run exactly

as described for thiophenol, using 2.75 g. (0.03 mole) of

1-butanethiol in place of thiophenol. Final distillation gave
2.2 g. (32%) of light yellow distillate, 1-cyano 1-carboethoxy
2-methyl 5-(butylthio)pentene-2, b.p. 142-143° (0.1 mm.), n25D
14995,

Anal. Calcd. for CypH4-NO,: G, 62.40; H, 8.62

Found: C, 63.19; H, 8.50

Attempted regction of l1-cyano l-carboethoxy 2-methyl
2—cyclopropyl ethene (J) with phenol.--To a solution of 0.05 ge.

of sodium in 20 ml. of absolute ethanol in a pressure bottle was

added 2.8 g. (0.03 mole) of phenol and 4.5 g. (0.025 mole) of I.
The bottle was then flushed with argon, sealed, and heated at 105°
for 24 hours. The alcohol was stripped. The residue was dissolved
in ether and the Solution was washed successively with water,

5% sodium hydroxide solution, and a saturated solution of sodium
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chloride, and was dried over calcium chloride., The ether was
stripped and the residue was distilled, yielding only recovered I.

A. Reaction of dimethylamine with 1,1-dicyano 2-methyl

2-cyclopropyl ethene (II).--Dimethylamine, 1.0 g. (0.022 mole),

was added directly to 2.0 g. (0.015 mole) of II with external
cooling by an ice bath. After a period of 20 minutes the excess
dimethylamine was removed under reduced pressure, and the residue
was allowed to stand for 2 days in the refrigerator. Recrystal-
lization from 50% ethanol gave 0.7 g. (26% based on an addition
compound) of light yellow crystals which melted at 111.5-113°,
No elemental analysis was obtained.

The infrared spectra in chloroform solution showed peaks at
the following wave lengths in m: 2.36 (w), 2.88 (w), 2.95 (m)
3¢3 (8), 4418 (m), 4.52 (m), 6.08 (s), 6.13 (s), 6.32 (m), 6.54
(m), 7.0 (w), 7«4 (W), 8.17 (s), 8.30 (s), 9.72 (m), 10.78 (m),
1449 (m), 15.1 (m).

B. Reaction of diethylamine with 1,1-dicyano 2-methyl

2-cyclopropyl ethene (I1).--To a solution 2.0 g. (0.015 mole) of

IT in 14 ml. of absolute ethanol was added at a fast dropwise

pace 1.6 g. (0.022 mole) of diethylamine. A reaction occurred
immediately. The reaction mixture was allowed to stand for one
hour at room temperature, Distillation of the solvent under
reduced pressure left a thick red liquid which crystallized

after standing in the refrigerator several days. Recrystallization
from 50% ethanol gave .5 g. (16% based on an addition compound) of

light yellow crystals which melted at 115.0-115.5°.
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Anal., Calcd. for C12H19N3= C, 70.19; Hy, 9.35; N, R047

Foundz C, 71.97; H, 6.06; N, 19,53

The infrared spectirum in chloroform solution showed peaks at
the following wave lengths in m: 2.36 (W), 2.88 (w), 2.96 (m),
3.3 (s), 4.53 (m), 6.08 (s), 6.13 (8), 6.33 (m), 6.88 (vw),
7.01 (vw), 7.3 (w), 8.3 (m-s, broad), 8.88 (vu), (9.46 (w),
9.72 (m), 10.0 (vw), 10.8 (w), 11.54 (w), 12.0 (w), 15.08 (m).

C. Reaction of piperidine with 1,1-dicyanc 2-methyl 2-cyclo-
propyl ethene (II1).--The reaction was run exactly as described in

B above, except that 1.9 g. (0.022 mole) of piperidine was used

in place of the diethylamine. Recrystallization from 50% ethanol
gave 1.3 g. (39% based on addition compound) of light yellow

crystals which melted at 115-116°.
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SUMMARY

(a) The preparation of cyclopropane carboxyaldehyde using
reported methods failed to give even fair yeilds.

(b) Knoevenagel condensations of methyl cyclopropyl ketone
with active methylene compounds gave three 1,1-disubstituted
2-methyl 2-cyclopropyl ethenes. Diethyl malonate could not be
condensed under the conditions used.

(¢) Transesterification occurred when 1=-cyano 1-carboethoxy
2-methyl 2-cyclopropyl ethene was refluxed with excess n-butanol
in the presence of various secondary amines.,

(d) Thiophenol and 1-butanethiol reacted in the presence of
sodium ethoxide with 1-cyano 1-carboethoxy 2-methyl 2-cyclopropyl
ethene (I) forming ring-opening addition (1,6-addition) products,
1-cyano 1-carboethoxy 2-methyl 5-(phenylthio)pentene-2 and 1=cyanc
i=-carboethoxy 2-methyl 5~(butylthio)pentene-2. This suggests
that the cyclopropane ring can extend conjugation in some cases.

(e) The reaction of 1,1-dieyano 2-methyl 2-cyclopropyl
ethene with secondary amines resulted in the apparent formation

of amidines by addition of the amines to one of the nitrile groups.
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