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This invention is concerned with specific bis-imino-
pyrrolinés as new compositions, of matter. It also deals
with a method for the preparation of these bis:imino-
pyrrolines, & PIEpAraton O

The compounds of this invention are. prepared by re-
acting a ¢yanoketone having the formula '

Rz Rs
Rx—c——(]}H—(lj—ng
. [ é N
0 CN

with a diprimary amine having the formula
NH,—A~—NH;

in a molecular ratio of substantially two, of the former
to one of the latfer, to be more fully explained herein-
after, The bis-iminopyrrolines produced may be repre:
senitéd by the formula = ‘

@ R

)

Actually, the compound represented by Formula T is,
in varying degrees depending principally on reaction
conditions and the values of A, Ry, Rp, Ry, and Ry, in
tautomeric relationship with the compounds having the
following structures ' '

r Rs )
amn RI—— —R4 \]‘
- R NTA
L‘ T\ J2
R,
(II1) » fR - R 1
L ‘l"':\N/":"' B ‘J2_
R R
av R 300 R‘_l,& R
Ry I?T A=N—AfN‘= \ N/E Ry
H

It is, believed that the predominant tautomeric. product

is that represented by Formula I but appreciable amounts
of II, M1, and IV are undoubtedly. present, based on the
best. experimental and, analytical evidence. In the pres-
ent, instance, Formula I will be referred. to_as the most
probably, form of the four. possible. tautomeric structures
(L, 11, 111, and; IV), but such reference. is, meant. to in-
clude, all: four of the tautomeric forms.

“The. symbol R represents hydrocarbon. groups, of, one.

to, ten. carbon. afoms, preferably alkyl, aralkyl, cyclo-.

alkyl, aryl, and, alkaryl. - The. symbol. Ry, represents a
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hydrogen atom or an alkyl group of one to four carbon
atoms. The symbols Rz-and Ry may be hydrogen atoms
or hydrocarbon groups containing from one to ten carbon
atoms including alkyl, aralkyl, cycloalkyl, aryl, and
alkaryl groups. In addition, R; and R, taken together
with the carbon atoms to which they are joined may form
a carbocyclic ring containing five to six carbon atoms
which in turn may have alkyl substituents containing a
total of no more than four additional carbon atoms. In
addition, R, and R; taken together with the carbon atoms
to which they are joined may form a carbocyclic ring
containing five to -six carbon atoms which in turn may

have alkyl substituents containing a total of no more

than four additional carbon atoms. In addition, Rz and
R, taken together with the carbon atoms to which they
are joined may form a carbocyclic ring containing five
to six carbon atoms which in turn may have alkyl sub-
stituents containing a total of no more than four addi-
tional carbon atoms. The total number of carbon atoms
in the cyanoketone should not exceed twenty-four. The
preferied embodiments are those in which R; and R,
are alkyl groups, R, is a hydrogen atom, and Rj is a
methyl group. Ry, Rs, and Ry may typically individually
represent methyl, butyl, octyl; benzyl, phenylbutyl, cyclo-
pentyl, cyclohexyl, phenyl, naphthyl, butylphenyl groups,

- and the like.
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Typical cyanoketone reactants include

4-oxopentanonitrile,
3-methyl-4-oxopentanonitrile,
2,2-dimethyl-4-oxopentanonitrile,
2-methyl-2-ethyl-4-oxopentanonitrile,

. 2,4,8-trimethyl-4-cyano-6-nonanone,
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2-methyl - 2 - (2,2,4,4-tetramethylpentyl)-4-oxopentano-
nitrile, ] :
2-methyl-2-ethyl-4-oxoheptanonitrile,
2-methyl-2-hexyl-4-oxodecanonitrile,
2-isobutyl-2,6-dimethyl-4-oxoheptanonitrile,
2-methyl-2-neopentyl-4-oxopentanonitrile,
2-methyl-2,4-diphenyl-4-oxobutanonitrile,
2-(1-cyanocyclohexyl)-cyclohexanone,
2-methyl-2,4-dicyclohexyl-4-oxobutanonitrile,
5-methyl-2-(1-methyl-1-cyanoethyl)-cyclohexanone,
1,3,3-trimethyl-5-oxocyclohexane-carbonitrile,
2-acetyl-1-methylcyclopentanecarbonitrile,
1-butyl-2-methyl-3-oxocyclopentanecarbonitrile,
1-(2-oxqcyclopentyl)~cyclohexanecarbonitrile,
1-(1-pentyl:2-oxooctyl) -cyclopentanecarbonitrile,
1:0gtyl-2-methyl-3-0xocyclohexanecarbonitrile,,
3,3-dimethyl-- 2, - (2-oxenropyly-bicyclof2,2.11heptane-2-
carbonitrile, )
2-benzoyl-1-methylcyclopentanecarbonitrile, and
2-butyl-2-naphthyl-4-oxobutanonitrile.

The symbol A represenits a chain; cyclic or acyclic, of
at least four carbon atoms, A is usually hydrocarbon in
content, byf, may. very, well include a secondary, or tertiary:
amino, group, an, ether. oxygen. atom, a. thioether sulfur,
atom, and the. like., While the. upper Hmit of carbon
atoms in A is not especially critical about 24.is conr,
sidered. the, practical. upper- limit. In addition: to; |
carbon. atoms there.may be.one or more nitrogen, oXygen, ‘-
qr. sulfur, atoms present as previously. mentioned:. With.
regard,to,the reactant NHy—A-—NH, it is necessary. that
there be, af; least, four carbon atoms between the, two.
primary amino groups, It is also necessary. that. each;of -
the, primary. amino.groups be attached. to, a. carbon atom. - -
that, in, furn is. attached, to no, more. than: two, carbon,
atoms, In,other words, the, carbon atom to. which each
of. the primary. amipo, groups is attached must: bear, at:
least one hydrogen atom, otherwise the, reaction, is, nat. -
consummated: probably. because of interfering; steric;cqn:

ditions,
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Illustrative reactants having the formula
NH;—A—NH,
include the following:
NH,CH,CH,NHCH,CH,NH,
NH,(CH,)¢NH,
NHy(CHy)1oNH,
(NH,CH,CH,;CH,),NH
(NH.CH,CH,CH,),0
(NH,CH,CH,CH,CH,CH,CH,),0
(NH,CH,;CH,CH,)5S
(NH,CH;CH,CH,NHCH,),

NH:——@NHz
N Hz—QN H;

CH: CHy
CH3;NH;
CH; CHs

NH;CH.

—CH;3;NH;

CH;NH;

NH:CHr-@-CHnNH:
NH:—@—CH:NH:

CH;,

NH;CHr—

( l NH3
(]
I:IZN‘—\!

The reactants of this invention are compounds that are
known or prepared by known methods.

It has been previously stated that the product of this
invention is a specific bis-iminopyrroline having the For-
mula I. However, if the reactants of this invention are
mixed and allowed to stand at room temperature or at
temperatures up to about 75° C. over prolonged periods
of time, a product is formed having the formula

—CH;NH:

and

W R RiR:]
Rx:[ / =N ——A
of ™,

The Formula V compounds are usually crystalline solids
which, when heated to a range approaching that required
for distillation, lose water and are converted to a For-
mula I product.

The Formula I compounds, and these of course encom-
pass types II, I, and IV, as discussed heretofore, are
predominantly formed under conditions whereby water
as formed in the reaction is removed from the reaction
medium. The preferred method is to conduct the re-
action in the presence of an inert volatile organic sol-
vent that forms an azeotrope with water. Useful as a
solvent in this respect are benzene, toluene, xylene, hep-
tane, hexane, methylene, chloride, chloroform, and the
like. - The water is removed azeotropically as the re-
action progresses, preferably at about 40° C. to 250° C.,
and very little, if any, of the type V product is formed.
The reaction is desirably terminated when the substan-
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, 4 .
tially theoretical amount of water is removed. The prod-
uct may be isolated by distillation under reduced pres-
sure or recrystallization from a solvent, such as iso-
octane, as desired. If the diprimary amino reactant has
been used in excess it has to be separated from the
product at the conclusion of the reaction, by conventional
methods, or otherwise a diprimary amino addition salt
will form.

It is probable that in some instances mixtures of prod-
ucts are obtained but this is no deterrent to the present
invention. The compounds of this invention, whether
of the types corresponding to I or V or mixtures thereof,
are valuable for the present purposes. The present com-
pounds are useful as fungicides which are non-injurious
to plants upon which they are applied:

These compounds effectively control Monilinia fructi-
cola and Stemphylium sarcinaeforme when used accord-
ing to standard techniques in concentrations as low as
one to ten parts per million. At the same time the
present compounds are non-phytotoxic even in concen-
trations as high as one-hundred parts per million. Par-
ticularly effective in this respect are 1,7-bis(2,4,4-tri-
methyl-2-pyrrolin-5-ylidene)-1,4,7-triazaheptane and 1,8-
bis(2,4,4-trimethyl-2-pyrrolin-5-ylidene)-1,8-diazaoctane.

The compounds of this invention, as well as the
methods for their preparation, may be more fully under-
stood from the following examples which are offered by
way of illustration and not by way of limitation. Parts
by weight are used throughout.

Example 1

. Hexamethylenediamine (41 parts of an aqueous 75%
solution), and toluene (35 parts) are placed in a boiling
flask topped by a water separating head and reflux con-
denser. Toluene (25 parts) is placed in the water sepa-
rator initially. The reaction mixture is boiled under
reflux in order to separate water azeotropically. Water
(11 parts) is removed in the course of this preliminary
drying operation. There is added 2,2-dimethyl-4-oxo0-
pentanonitrile (62.5 parts) when the water separation is
completed. Again the mixture is heated to reflux and
water is removed azeotropically. The pot temperature
remains in the region 154-160° C., under which condi-
tions the theoretical amount of water (9 parts) separates.
The reaction mixture is stripped of low-boiling materials
to a pot temperature of 165° C. at 0.2 mm. absolute pres-
sure. The residue (81 parts) is the desired product, 1,8-
bis(2,4,4 - trimethyl-2-pyrrolin-5-ylidene)-1,8-diazaoctane
having the formula
CH;

CH;, 3
—OCH; CHa—’
CH’—[}; =N—(CHj)s~N= ¥ ﬂvCHl

I
H

Calculated for CyHyuN,: total nitrogen—17.0%:;
titratable nitrogen—8.5%. Found: total nitrogen—
16.5%; titratable nitrogen—8.3%.

The yield is 98% of the theoretical.

In the same manner, hexamethylenediamine and 2-
methyl-2-neopentyl-4-oxopentanonitrile give 1,8-bis(2,4-
dimethyl - 4 - neopentyl - 2 - pyrrolin - 5 - ylidene)-1,8-
diazaoctane; 1,5 - pentamethylenediamine and 1-(2-0x0-
cyclohexyl) - 1 - cyclohexanecarbonitrile give 1,7-bis(3,3-
pentamethylene - 2,3,4,5,6,7 - hexahydroindol-2-ylidene)-
1,7 - diazaheptane; hexamethylenediamine and 2,6 - di-
methyl - 2-(2-methylpropyl) - 4 - oxoheptanonitrile give
1,8 - bis[4 - methyl - 2,4 - di(2-methylpropyl) - 2 - pyr-
rolin - 5 - ylidene]-1,8 - diazaoctane; 1,4 - diaminocyclo-
hexane and 2,2-dimethyl-4-oxopentanonitrile give N,N’-
bis-(2,4,4-trimethyl - 2 - pyrrolin - 5 - ylidene) - 1,4-di-
aminocyclohexane; m-xylenylenediamine and 2,2-dimeth-
yl-4-oxopentanonitrile - give N,N’-bis-(2,4,4-trimethyl-2-
pyrrolin-5-ylidene)-m-xylenylenediamine; and p-phenyl-
enediamine and a,e,4 - trimethyl - 2 - oxocyclohexane-
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acetonitrile give N,N’-bis ~ (3,3,6 - trimethyl - 2,3,4,5,6,7-
hexahydroindol - 2 - ylidene) - p - i;hé;'xylengdiamiﬁe."
Example 2 ‘ ‘

Diethylenetriamine (72 parts), 2,2-dimethyl -4 - oxo-
pentanonitrile (125 parts), and benzene (40 paris) are
charged to a reactor fitted with a water separator and
capped by a reflux condenser. The reaction mixture is
boiled under reflux and water is separated azeotropically.
When the theoretical amount of water (18 parts) sepa-
rates, the material is stripped under reduced pressure and
finally to 90° C. at 0.1 mm. absolute pressure.

Calculated for C;3H3; N;: total nitrogen—22.0%; titrat-
able nitrogen—13.2%." Found: total nitrogen—21.2%;
titratable nitrogen—12.1%. ‘

The product is 1,7°bis(2,4,4 - trimethyl-2-pyrrolin-5-
ylidene)-1,4,7-triazaheptane and has the following struc-
ture S ) ’

CHj CH;.

— CH; CH—
Hﬂ_{‘ =N =
C N/ N--CH;CH;NHCH:CH;—N: S U~CH3
|
& &

In 2 similar fashion 1,5,8,12-tetrazadodecane and 2,2-
dimethyl - 4 - oxopentanonitrile give 1,12-bis(2;4,4-tti-
methyl - 2 - pyrrolin - § - ylidene) - 1,5,8,12 - tetrazado-
decane; 1,9 - diaza - 5 - oxanonane and 1-(2-oxocyclo-
hexyl) - ¢yclohexanecarbonitrile give 1,9 - bis(3,3-penta-
methylene - 2,3,4,5,6,7 - hexahydroindol - 2~ ylidene)-
1,9 - diaza - 5 - oxanonang; 1,9 - diaminodiaza -5 - thi-
anonane and 2 - acetyl - ‘cyclohexanecarbonitrile give
1,9 - bis(3 - methyl =:2,4,5,6,7,7a - hexahydroisoindo_l'l 1-
ylidene) - 1,9 -'diaza’- 5 - thianonane; and 1,15 - diaza-
8-oxapéntadecane and 3-methyl-4-oxapentanonitrile” give
1,15-bis(2;3-dimethyl - 2 - pyrrolin - 5 - ylideie) - 1,15-
diaza-8-oxapentadecane. ) T

Example 3

Xylene (30 parts), 1,10-diaminodecane (17.2 parts),
and 2-methyl - 2,4 - diphenyl - 4 - oxobutanonitrile (50
parts) are refluxed for twenty-four hours until the theo-
retical amount of water (3.6 parts) separates. The re-
action mixture is stripped under reduced pressure to give
thé product 1,12 - bis(4 - methyl - 2,4 - diphenyl -2’ -
pyrrolin-5-ylidene)-1,12-diazadodecane, in high yield, In
a similar fashion there are prepared N,N’-bis(3;3-penta-
methylene - 2,3,4,5,6,7 - hexahydroindol - 2 - ylidene)-
2,5 - diaminobicyclo(2.2.1) heptane from 1 - (2-0x0cyclo-
hexyl) - cyclohexanecarbonitrile and 2,5-diaminobicyclo
(2.2.1)heptane; N,N’ - bis(4 - methyl - 2,4 - dihexyl - 2-
pyrrolin - 5 - ylidene) - 1,4-di(amjnomethyl) - cyclohex-
ane from 1,4-di(aminomethyl-cyclohexane and 2 - methyl-
2-hexyl-4-oxodecanonitrile; and 1,10-bis(2,4,4-trimethyl-
2 - pyrrolin - 5 - ylidene) - 1,4,7,10 - tetrazadecane from
triethylenetetramine and 2,2-dimethyl - 4 - oxopentanoni-
trile. ®

We claim:

1. A member from the group consisting of the com-
pound whose principal tautomeric form is represented by

the formula
Rs
R ——R:]
Rx:u N =N ]-—
ﬁ s

and the pharmacentically acceptable acid addition salts
thereof, in which A represents a member of 4 to 24 carbon
atoms from the group consisting of alkylene, cyclo-
alkylene, phenylene, alkylene - phenylenealkylene, alkyl-
enealkyl substituted phenylenealkylene, phenylenealkyl-
ene, alkylenecycloalkylenealkylene, bicycloalkylene, and
an alkylene interrupted by at least one member of the
class consisting of an amino group, an alkylamino group,
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7%

an ether oxygen atom, and a thicether sulfur atom, pro-
vided that there are at léast 2 carbon atoms betweén”the
members of said class, R, taken individually represents
a member from the class consisting of alkyl, phenylalkyl,
cycloalkyl; phenyl, naphthyl, and alkylphenyl groups of
no more than 10 carbon atoms, Ry taken individually
represents a member from the class consisting of a hydro-
gen atom and an alkyl group of 1 to 4 carbon atoms, Ry
and R, taken individually represent members from the
class consisting of alkyl, cycloalkyl, phenylalkyl, phenyl, :
naphthyl, and alkylphenyl groups of no more than 10
carbon atoms, R, and Rg taken collectively with the
carbon atoms to which they are joined form a member
from the class consisting of a carbocyclic ring of 5 to
6 carbon atoms and one olefinic bond, and said ring hav-
ing alkyl substituents consisting of a total of no more
than 4 carbon atoms, R, and Ry taken collectively with
the carbon atoms to which they are joined from a mem-
ber from the class consisting of a saturated carbocyclic
ring of 5 to 6 carbon atoms and said ring having alkyl
substituents consisting of a total of no more than 4 carbon
atoms, and R and R, taken collectively. with the carbon
atoms to which they are joined from a member from
the class consisting of a saturated carbocyclic ring of 5
to 6 carbon atoms and said ring having alkyl substituents
consisting of a total of o more than 4 carbon atoms.

2. The compound whose principal tautomeric form is
represented by the formula ° : .

Ry ™ -
4 R —R;] :
R1~H =N.—— A
- ITI / J
H 2.
in which A represents an alkylene chain of 4 to 24 carbon
atoms, R; is an alkyl group of 1 to 10 carbon atoms, Ra
is a hydrogen atom, Rs is an alkyl group of 1to 10
carbon atoms and R, is an alkyl group of 1 to 10 carbon
atoms., ’ ’
3, The compound whose principal tautomeric form is
represented by the formula
Ra.

Ra— —R.g]
. RlJ I}I / =“N —J—-A
H 2

in which A represents an alkylene chain of 4 to 24 carbon
atoms, R, and R, are alkyl groups of 1 to" 10 carbon
atoms, Ry is a hydrogen ‘afom; and R is a methyl group:
4. The compound whose principal tautomeric form is
represented by the formula
Rs

R —R;]
Rl:ﬂ N =N j—A

Eo)
in which A represents an alkylene chain of 4 to 24 carbon
atoms, R; and R taken collectively with the - carbon
atoms to which they are joined represent a-carbocyclic. "
ring. of 5 to 6 carbon atoms having one olefinic bond.
and Ry and R, are alkyl groups of 1 to 10 carbon atoms..

5. The compound whose principal tautomeric form is
represented by the formula

Ra.
Ro— —RA]
Rl—ﬂ N / =N —J——A.

& 2
in which A represents an alkylene chain of 4 to 24 carbon
atoms, R; is an alkyl group of 1 to 10 carbon atoms,
R, and R taken collectively with the carbon atoms tQ
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which they are joined form a saturated carbocyclic ring
of 5 to 6 carbon atoms and Ry is an alkyl group of 1 to
10 carbon atoms.

6. The compound whose principal tautomeric form is
represented by the formula

Rj
Rg— —-Rg}
Rr—ﬂ N / =N ]-A
|
o 2

in which A represents an alkylene chain of 4 to 24 carbon
atoms, R; is an alkyl group of 1 to 10 carbon atoms,
R, is an alkyl group of 1 to 4 carbon atoms and R; and
R, taken collectively with the carbon atoms to which
they are joined form a saturated carbocyclic ring of 5
to 6 carbon atoms.

7. As a composition of matter, 1,8-bis(2,4,4-trimethyl-
2-pyrrolin-5-ylidene)-1,8-diazaoctane.

8. As a composition of matter, 1,8-bis(2,4-dimethyl-
4-neopentyl-2-pyrrolin-5-ylidene)-1,8-diazaoctane.

9. As a composition of matter, 1,7-bis(3,3-penta-
methylene-2,3,4,5,6,7-hexahydroindol-2-ylidene)-1,4,7-tri-
azaheptane.

10. As a composition of matter, 1,7-bis(2,4,4-trimethyl-
2-pyrrolin-5-ylidene)-1,4,7-triazaheptane.

11. As a composition of matter, 1,12-bis(2,4,4-trimeth-
yl-2-pyrrolin-5-ylidene)-1,5,8,12-tetraazadodecane.

12. A method for the preparation of a compound

having the formula
Ra
RT —Rq]
N

in which A represents a member of 4 to 24 carbon atoms
from the group consisting of alkylene, cycloalkylene,
pheaylene, alkylenephenylenealkylene, alkylenealkyl sub-
stituted phenylenealkylene, phenylenealkylene, alkylene-
cycloalkylenealkylene, bicycloalkylene, and an alkylene
interrupted by at least one member of the class consisting
of an amino group, an alkylamino group, and an ether
oxygen atom, and a thioether sulfur atom, provided that
there are at least 2 carbon atoms between the members
of said class, R, taken individually represents a member
from the class consisting of alkyl, phenylalkyl, cyclo-
alkyl, phenyl, naphthyl, and alkylphenyl groups of no
more than 10 carbon atoms, R, taken individually repre-
sents a member from the class consisting of a hydrogen
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atom and an alkyl group of 1 to 4 carbon atoms, R,
and R, taken individually represent members from the
class consisting of alkyl, cycloalkyl, phenylalkyl, phenyl,
naphthyl, and alkylphenyl groups of no more than 10
carbon atoms, R; and R; taken collectively with the
carbon atoms to which they are joined form a member
from the class consisting of a carbocyclic ring of 5 to
6 carbon atoms and ome olefinic bond, and said ring
having alkyl substituents consisting of a total of no more
than 4 carbon atoms, R, and Ry taken collectively with
the carbon atoms to which they are joined form a mem-
ber from the class consisting of a saturated carbocyclic
ring of 5 to 6 carbon atoms and said ring having alkyl
substituents consisting of a total of no more than 4 carbon
atoms, and R; and R, taken collectively with the carbon
atoms to which they are joined form a member from
the class consisting of a saturated carbocyclic ring of
5 to 6 carbon atoms and said ring having alkyl sub-
stituents consisting of a total of no more than 4 carbon

atoms, which comprises reacting at temperatures from
40° to 250° C., a compound having the formula
Ry R
RI—C—CH—(I}——RA
b
with one having the formula
NH,—A—NH,

in which there are at least 4 carbon atoms between the
two primary amino groups and in which each of the
primary amino groups is attached to a carbon atom that
bears at least one hydrogen atom.

13. A method according to claim 12 in which the
reaction is conducted in the presence of an inert volatile
organic solvent that forms an azeotrope with water.

14. A method according to claim 12 in which the
reaction is conducted in the presence of an inert organic
volatile solvent that forms an azeotrope with water and
the water formed in the reaction is removed azeotropically
as the reaction progresses.
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