
nitrile, 8 ml. acetone, 4 ml. stock emulsifier  D =  1000 p.p.m. Using this
procedure, the  55 solution (0.5%  "Triton" (Registered Trade  following
results were obtained: Mark) X-155 in water by volume) and 187.6      ml.
distilled water.  The concentration of        Compound Tested
Rating  5  toxicant in this formulation is 2000 parts per
Tetrachloroisophthalonitrile       AA      million. Lower concentrations of
toxicant are  5-Chloro-2,4,6-trifluoroisophthalonitrile   AA      obtained
by diluting the formulation with      distilled water. The surface area of
the soil                EXAMPLE 8                    60      in the cups is
5.73 sq. in.; therefore, a rate   Foliage Protectant Fungicide Test  10  of
1 pound per acre requires 0.414 mg. of    The tomato foliage disease test
measures      chemical per cup. After drenching, the Dixie  the ability of
the test compound to protect      cups are then incubated for several days
at  tomato foliage against infection by the early      70[err]F. in a
controlled temperature cabinet.  blight fungus Alternaria solani (E11. and
65      The test chemical was rated for its ability to  Mart.) Jones and
Grout and the late blight      inhibit mycelial growth of the organism  on
fungus  Phytophthora  infestans  (Mont.)  15 the surface of the soil.
Untreated checks and  deBary. The method used is a modification      a
standard material were included in the test  of that described by McCallan
and Wellman      in addition to a check planted in sterilized  and employs
tomato plants (var. Bonny Best)  70      soil. Using this procedure, 100
percent con-  5 to 7 inches high which are 4 to 6 weeks      trol was
obtained at a concentration of 64  old. Duplicate plants, one set for each
test  20  lbs./acre.                                    fungus, are sprayed
with various dosages of                      EXAMPLE 7
the test formulation at 4 lbs./sq. in. air         Spore Inhibition Test on
Glass Slides    pressure while being rotated on a turntable in  75
Inhibition of spore germination on glass  a hood.  The center of the
turntable is 45      slides by the test tube dilution method is  inches
from  the nozzle of the spray gun.  25  adopted from the procedure
recommended by  The test formulation containing 0.2 g. of test      the
American  Phytopathological  Society's  compound, viz.
tetrachloroisophthalonitrile,      Committee on Standardization of
Fungicidal  8 ml. acetone, 4 ml. stock emulsifier solution  80      Tests.
In this screen, chemicals at 1000,  (0.5% Triton X-155 in water by volume)
and      100, 10 and 1.0 p.p.m. are tested for ability  187.6 ml. distilled
water is applied at dosages  30  to inhibit germination of spores from 7-
to  equivalent to 1000 and 200 p.p.m. of the test       10-day-old cultures
of Alternaria oleracea Mil.  chemical.  Lower concentrations of toxicant
and  Monilinia  fructicola  (Wint)  Honey.  are obtained by dilution,
maintaining the  85       These concentrations refer to the actual con-
same concentration of acetone and emulsifier.       centrations after
diluting the test prepara-   After the spray deposit is dry treated plants
35  tions with spore stimulant and spore suspen-  and controls (sprayed
with formulation with-       sion. A formulation containing 0.1 g. of the
out toxicant) are sprayed while being rotated 



test compound, 4 ml. acetone, 2 ml. stock  on a turntable with a spore
suspension con-  90       emulsifier solution (0.5%  Triton X-155 in
taining approximately 20,000 conidia of A.       water by volume) and 74
ml. distilled water is  solani per ml., or 150,000 sporangia of P.  40
used for this test. The concentration of toxi-  infestans per ml. The
atomizer used delivers      cant in this formulation is 1250 parts per -20
ml. in the 30-second exposure period. The      million: The concentrations
given above are  plants are held in a saturated atmosphere for  95
diluted  from   this  original  formulation.  24 hours at 70[err] F. for
early blight and      Germination records are taken after 20 hours  60[err]
F. for late blight, to permit spore  45  of incubation at 22[err] C. by
observing several  germination and infection before removal to
microscope fields so that at least 100 spores  the greenhouse.       of
each fungus have been examined at each     After two days from the start of
the test 100       concentration.  Test compounds are given  for early
blight and three days for late blight,     alphabetical ratings which
correspond to the  lesion counts are made on the three upper-  50
concentration  that inhibits germination  of  most fully expanded leaves.
The data are        half the spores (ED50) in the test drops:  converted to
percentage disease control based      AAA= 0.01 to 0.1 p.p.m.; AA = 0.1 to
1.0  on the number of lesions obtained on the con- 105      p.p.m.; A  =
1.0 to 10 p.p.m.; B =  10 to  trol plants. Dosages and percent disease con-
100 p.p.m.; C  =100 to 1000 p.p.m.; and  trol are given in the following
table.
% Control           Compound                             Dosage p.p.m.
E.B.         L.B.            Tetrachloroisophthalonitrile              60
100          100                                                      40
98          99                                                      30
92          99                                                      20
72          94                                                      10
0          70                                                      5
0           8                       EXAMPLE 9                   acetone, 4
ml. stock emulsifier solution (0.5%         Soil Mycelial Growth Inhibition
Test   Triton X-155 in water by volume) and 187.6         This test is used
to determine activity  ml. distilled water.  The concentration of  5
against seed decay and damping-off fungi,  toxicant in this formulation is
2000 parts per 



primarily Pythium and Rhizoctonia species.    million.  A dosage of 56 ml.
of the test 30        Sterilized soil is infested with Pythium and
formulation is equivalent to 112 mg of chemi-     Rhizoctonia and
subsamples were then treated  cal or 128 pounds per acre.  Lower con-
as described in Example 6. Using this pro-  centrations of toxicant are
obtained by dilut- 10  cedure, 100 percent control was found with  ing the
formulation with distilled water.     a concentration of 64 lbs./acre.
About two or three hours after treatment the  35                    EXAMPLE
10                   plants are exposed to a spore suspension of
Bean Rust Systemic               bean rust from a culture maintained in the
Pinto bean plants, at a growth stage when  greenhouse. After exposure, the
plants are 15  the trifoliate leaves are just beginning to  immediately
placed in a moist chamber in a     emerge from the axil of the seed leaves,
are  saturated atmosphere at 60[err]F., for 24 hours  40     used as the
test species. These plants are  after which they are removed to the green-
grown in 4-inch pots and thinned to three  house. Counts are made about 10
days after     plants per pot. Usually the plants are about  spore exposure
and the mean number of rust 20  10 to 14 days old from  time of planting.
pustules per leaf is determined.  These     There are, therefore, six
primary seed leaves  counts are calculated against the check counts  45
per pot for each test unit  In the test, an  to arrive at the percentage
disease control.     appropriate amount of the test formulation  Using this
procedure, the following results     is drenched on each pot. This test
formula-  are obtained: 25  tion contains 0.4 g. of test compound, 8 ml.
Percent           Compound                                  Dosage
Disease Control            5-Chloro-2,4,6-trifluoroiso-
phthalonitrile                           64 lbs.        92 St 5, CH
St = stunting (1- slight to 9-severe)            Ch = chlorosis.  50
EXAMPLE 11                   The flats are then removed to the greenhouse
65              Post-Emergence Pan Test            and the test species are
allowed to grow until       This test measures the post-emergent herbi-
one true leaf is present on the slowest grow-     cidal activity of test
chemicals when applied  ing broadleaf (aster), which requires 9 to 14
to the foliage of seedling plants as well as  days. At this point the
surface of the soil in 55  to the soil in which they are growing. Two  the
pans is uniformly covered by spraying, 70     mixtures of seed are planted
in soil contained  at 10 pounds per square inch air pressure,     in metal
half flats, which are 8"  x  12"  with 40 ml. of a test formulation
containing     at the soil surface.  One-half of each pan  the   toxicant,
5-chloro-2,4,6-trifluoroiso-     is planted with a mixture containing the
phthalonitrile. Formulations containing 165.6 60  broadleaf species,
buckwheat, aster and turnip.  mg. and 82.8 mg. of the test chemical are  75
The other half of the pan is seeded to a  equivalent to a coverage of 24
and 12 pounds 



mixture of three grasses, millet, perennial rye-  per acre, respectively.
Each test formulation     grass, and sorghum. One-half level teaspoon
contains the toxicant, equal volumes of water     of each seed mixture is
planted in each pan.  and acetone, and 2 drops of Triton X-155.
1,058,557                                    7 One and two weeks after
treatment, esti-  trol obtained with the test chemical is calcu-  5
mates are made on the fresh weight of  lated. Using this procedure, the
following     seedling stand in the test pans, as well as that results are
obtained:     in untreated control pans. The percent con-
Percent Control                                           Concentration
Broadleaf weeds     Grassy weeds   Compound Tested
lbs./acre    1 week   2 weeks    1 week   2 weeks
5-Chloro-2,4,6-trifluoroiso-   phthalonitrile
24         -          65        -         85
12         95[err]   95[err]   70Ph1     90
6         90 Ph2    90 Ph2     85        80Ph2
3         40 Phl    20 Ph1     10Ph1     10Ph2        1 = Buckwheat left.
2 = No turnip.      Ph = Phytotoxicity rating, 0 for no injury to 11 for
killing the plants.                      EXAMPLE 12                   pot)
and bean plants (4 plants per 3-1/2-inch 10    Soil-Watering Tests-Tomato
and Bean    pot) are treated with appropriate dosages of        To measure
the growth regulating and  the 2000 p.p.m. formulation.  Dosages of
herbicidal responses when chemicals are ab-  56 ml. of the formulation in
the 4-inch pot      sorbed by roots and translocated, tomato  and 42 ml. in
the 3-1/2-inch pot are equiva-  30      plants, var. Bonny Best, 5 to 7
inches tall,  lent to 112 mg. and 84 mg. of chemical per 15  and beans,
var. Tendergreen, just as the tri-  pot, respectively, or 128 pounds per
acre.      foliate leaves are beginning to unfold, are  Plants are held in
a greenhouse for two weeks      treated by drenching appropriate portions
of  before records are taken.  Phytotoxicity is      a formulation
containing 0.4 g. of the test  rated on the scale from 0, indicating no
plant 35      chemical,  viz.  5-chloro-2,4,6-trifluoroiso-  injury, to 11,
plant kill.  Additionally, all 



20  phthalonitrile, 8 ml. acetone, 4 ml. stock  other responses such as
stunting, formative      emulsifier solution (0.5%  Triton X-155 in
effects, defoliant activity, growth regulant      water) and 187.6 ml.
distilled water (con-  properties, chlorosis and the like are recorded.
centration of the test chemical =  2000  Using this procedure, the
following results  40      p.p.m.) on soil in clay pots containing the  are
obtained: 25  test plants. Tomatoes (1 plant per 4-inch
Concentration         Phytotoxicity Rating       Compound
lbs./acre         Tomato           Beans      5-Chloro-2,4,6-trifluoro-
isophthalonitrile                         64              11 St3, Fe      2
32              2 St9, Ch       0 St9
16              0               0       Ch = Chlorosis             St
Stunting (1 slight to 9 severe)             Fe   Formative effects to the
plants.                     EXAMPLE 13                   Pickling) having
one fully expanded leaf.                Cucumber Anthracnose
Duplicate plants are sprayed with various 45    This test measures the
ability of the test  dosages of the test formulation at 20 lbs/sq.
compound to control anthracnose of cucumber  in. air pressure while being
rotated on a turn-  55      incited  by  the  fungus  Colletotrichum  table
in a hood. The center of the turntable      lagenarium.
is 45 inches from the nozzle of the spray      The method used is a
modification of that  gun. The test formulation containing 0.2 g. 50
described by McCallan and Wellman and  of test compound, 8 ml. acetone, 4
ml. stock      employs cucumber plants, (var. National  emulsifier solution
(0.51%  Triton X-155 in  60
1,058,557      water by volume) and 187.6 ml. distilled water  used
delivers 20 ml. in the 30-second ex-     is applied at dosages equivalent
to 1000 and  posure period.  The plants are held in a  15     200 p.p.m. of
the test chemical. Lower con-  saturated atmosphere for 24 hours at
70[err]F.     centrations of toxicant are obtained by em-  to permit spore
germination and infection 5  ploying less toxicant and more water, thereby
before removal to the greenhouse. 



maintaining the same concentration of acetone    After four to six days
from the start of     and emulsifier.                             the test
lesion, counts are made. The data  20       After the spray deposit is dry,
treated plants  are converted to percentage disease control     and
controls (sprayed with formulation with-  based on the number of lesions
obtained on 10  out toxicant) are sprayed while being rotated  the control
plants.  Dosages and percent     on a turntable with a spore suspension
con-  disease control are given in the following     taining approximately
400,000 spores per ml.  table:                                     25
of Colletotrichum lagenarium. The atomizer
Dosage        Percent                 Compound
p.p.m.     Disease Control                  Tetrachloroisophthalonitrile
64             100                                                       32
99                                                       16             95
8             80                                                       4
68                      EXAMPLE 14                   centrations of
toxicant are obtained by em-               Control of Apple Scab
ploying less toxicant and more water, thereby       The apple scab disease
test measures the  maintaining the same concentration of acetone  50 30
ability of the test compound to protect apple  and emulsifier.
seedlings against infection by the fungus    After the spray deposit is
dry, treated seed-     Venturia inaequalis.                     lings and
controls (sprayed with formulation       The method used is a modification
of that  without toxicant) are sprayed while being     described by
McCallan and Wellman and  rotated on a turntable with a conidial sus-  55
35  employs McIntosh apple seedlings, 5 to 8  pension of the fungus.  The
atomizer used     weeks old with 4 to 6 leaves.  Duplicate  delivers 20 ml.
in the 30-second exposure     seedlings are sprayed with various dosages
period. The seedlings are held in a saturated     of the test formulation
at 40 lbs./sq. in. air  atmosphere for 48 hours at 60F. to permit
pressure while being rotated on a turntable  spore germination and
infection before re- 60 40  in a hood. The center of the turntable is
moval to the greenhouse.  After 10 to 14     45 inches from the nozzle of
the spray gun.  days from the start of the test lesion counts     The test
formulation containing 0.2 g. of test  are made. The data are converted to
per-     compound, 8 ml. acetone, 4 ml. stock emulsi-  centage disease
control based on the number     fier solution (0.5%  Triton X-155 in water
of lesions obtained on the control plants.  65 45  by volume) and 187.6 ml.
distilled water is  Dosages and percent disease control are given
applied at dosages equivalent to 1000 and  in the following table:     200
p.p.m. of the test chemical. Lower con-
Dosage       Percent                 Compound
p.p.m.     Disease Control 



Tetrachloroisophthalonitrile       1                100
0.5             100
0.25            100
0.125            50                      EXAMPLE 15
culture to the soil. The soil is placed into 70    Protection of Cabbage
from Sclerotium    3-1/4" x 3-1/4" x 2-1/2" plastic boxes.
Rolfsii by Soil Treatment           An appropriate amount of test
formulation is       Air-dry sterile soil is infested with the  poured onto
the soil to give the desired rate  80     organism Sclerotium rolfsii,
grown on a mix-  of application, e.g. 25 ml. is equivalent to     ture of
corn meal and sand.  The desired  a dosage of 64 pounds per acre. This test
75  inoculum  level is achieved by adding an  formulation contains 0.4 g.
of test compound,     appropriate amount of the corn meal-sand  8 ml.
acetone, 4 ml. stock emulsifier solution
1,058,557                                     9              (0.5%  Triton
X-155 in water by volume)  compound. Twenty-five cabbage seeds (Golden
and 187.6 ml. distilled water.  The con-  Acres) are planted in the treated
soil in each  centration of toxicant in this formulation is  box. Each box
receives 50 ml. of water and                      2000 parts per million.
The test formula-  is placed in a humidity chamber maintained 5    tion is
thoroughly incorporated into the soil.  at 70[err]C for 2 days. The boxes
are then  15                      An identical box of soil is prepared
which  transferred to the greenhouse. Effectiveness
has been treated with the test formulation,  of the test chemical is
determined by the per-                      but has not been inoculated
with the organism.  centage of plants growing 14 days after treat-
The non-inoculated treated control is used  ment and planting.
10  to determine the phytotoxicity of each test
Percent Stand
Concentration                 Compound Tested
lbs./acre         Non-inoculated       Inoculated
Tetrachloroisophthalonitrile                    16                   100
52                  5-Chloro-2,4,6-trifluoroisophthalonitrile     32
92               68
16                   -                36 



8                  -                 10
EXAMPLE 16                   is 2000 parts per million. Lower concentra-
Soil Mycelial Growth Inhibition Test    tions of toxicant are obtained by
diluting  40                         The following test measures the
ability of  the formulation with distilled water. Surface
compounds of this invention to inhibit my-  area of the soil in the cups is
5.73 square                 25  celial growth in soil. Sterilized soil is
infested  inches; therefore, a rate of one pound per
with Rhizoctonia solani (grown on a corn meal  acre requires 0.414 mg. of
chemical per cup.                      sand medium) by mixing two 250-ml.
flasks  After drenching, the cups are placed in a  45
of a ten-day-old culture of the organism per  saturated atmosphere at
70[err]F. for 48 hours.                      level flat of sterile soil.
The infested soil  By this time the fungus mycelium has com-
30  is then placed in small Dixie cups (4-oz.  pletely overgrown the
surface of the soil in                      squat). Treatment of the soil
is accomplished  the control cups.  Inhibition of mycelial
by drenching the appropriate amount of a  growth in the treated cups is
estimated on  50                      diluted formulation containing 0.4 g.
of test  a scale from  zero, complete inhibition of
compound, 8 ml. acetone, 4 ml. stock emulsi-  growth, to ten which is
equivalent to controls.                 35  fier solution (0.5% Triton
X-155 in water by  These grades are expressed as percent con-
volume) and 187.6 ml. distilled water on  trol.  Using this procedure, the
following re-                      the surface of the soil in the test cup.
The  sults are obtained:                       55
concentration of toxicant in this formulation
Concentration                            Compound
lbs./acre       Percent Control
Tetrachloroisophthalonitrile                    64                  90
5-Chloro-2,4,6-trifluoroisophthalonitrile     64                    90
WHAT WE CLAIM  IS: -                     wherein each of X[err], X[err]
X[err] and X[err] is hydro-                        1. Halogenated
isophthalonitriles of the  gen or halogen, at least one X being halogen.
structure:                                    2.
Tetrachloroisophthalonitrile.
3. 5-Chloro-2,4,6-trifluoroisophthalonitrile.
[err]                     4. 4,6-Dichloroisophthalonitrile.       65
5. A method of preparing a ring-chlorinated
isophthalonitrile, which comprises reacting the                 60
corresponding  ring-chlorinated  isophthala-
mide with a dehydrating agent comprising
phosphorus pentoxide or phosphorus oxy-  70
chloride and separating the desired ring-
chlorinated isophthalonitrile.   



1,058,557                                      9         (0.5%  Triton
X-155 in water by volume)  compound. Twenty-five cabbage seeds (Golden
and 187.6 ml. distilled water.  The con-  Acres) are planted in the treated
soil in each         centration of toxicant in this formulation is  box.
Each box receives 50 ml. of water and         2000 parts per million.  The
test formula-  is placed in a humidity chamber maintained     5  tion is
thoroughly incorporated into the soil.  at 70[err]C. for 2 days. The boxes
are then  15         An identical box of soil is prepared which
transferred to the greenhouse.  Effectiveness         has been treated with
the test formulation,  of the test chemical is determined by the per-
but has not been inoculated with the organism.  centage of plants growing
14 days after treat-         The non-inoculated treated control is used
ment and planting.    10  to determine the phytotoxicity of each test
Percent Stand    Compound Tested                            Concentration
lbs./acre        Non-inoculated        Inoculated
Tetrachloroisophthalonitrile                     16                   100
52    5-Chloro-2,4,6-trifluoroisophthalonitrile        32
92               68                                                    16
36                                                    8
10                         EXAMPLE 16                   is 2000 parts per
million. Lower concentra-           Soil Mycelial Growth Inhibition Test
tions of toxicant are obtained by diluting  40           The following test
measures the ability of  the formulation with distilled water. Surface
compounds of this invention to inhibit my-  area of the soil in the cups is
5.73 square   25  celial growth in soil. Sterilized soil is infested
inches; therefore, a rate of one pound per       with Rhizoctonia solani
(grown on a corn meal  acre requires 0.414 mg. of chemical per cup.
sand medium) by mixing two 250-ml. flasks  After drenching, the cups are
placed in a  45       of a ten-day-old culture of the organism per
saturated atmosphere at 70[err]F. for 48 hours.       level flat of sterile
soil.  The infested soil  By this time the fungus mycelium has com-   30
is then placed in small Dixie cups (4-oz.  pletely overgrown the surface of
the soil in       squat). Treatment of the soil is accomplished  the
control cups.  Inhibition  of mycelial       by drenching the appropriate
amount of a  growth in the treated cups is estimated on  50       diluted
formulation containing 0.4 g. of test  a scale from  zero, complete
inhibition of       compound, 8 ml. acetone, 4 ml. stock emulsi-  growth,
to ten which is equivalent to controls.  35  fier solution (0.51% Triton
X-155 in water by  These grades are expressed as percent con- 



volume) and 187.6 ml. distilled water on  trol. Using this procedure, the
following re-       the surface of the soil in the test cup. The  suits are
obtained:                        55       concentration of toxicant in this
formulation               Concentration           Compound
lbs./acre      Percent Control            Tetrachloroisophthalonitrile
64                  90 5-Chloro-2,4,6-trifluoroisophthalonitrile       64
90   WHAT WE CLAIM IS:-                        wherein each of X[err],
X[err] X[err] and X[err] is hydro- 1. Halogenated isophthalonitriles of the
gen or halogen, at least one X being halogen.      structure:
2. Tetrachloroisophthalonitrile.
3. 5-Chloro-2,4,6-trifluoroisophthalonitrile.                          4.
4,6-Dichloroisophthalonitrile.         65                   [err]
5. A method of preparing a ring-chlorinated
isophthalonitrile, which comprises reacting the 60
corresponding  ring-chlorinated   isophthala-
mide with a dehydrating agent comprising                         [err]
phosphorus pentoxide or phosphorus oxy-  70
chloride and separating the desired ring-
chlorinated isophthalonitrile.          10
1,058,557        6. A method of preparing a chloro-fluoro-    11. A method
of inhibiting the growth of     substituted isophthalonitrile, which
comprises  undesirable plants, which comprises applying  25     reacting a
ring-chlorinated isophthalonitrile  to the plants or to soil containing
them a     with a metal fluoride in the presence of a  herbicidal amount of
a compound according 5  solvent.                                     to any
of claims 1 to 4 and 8 or a composi-       7. A method of preparing
halogenated iso-  tion according to claim 9.     phthalonitriles, as
described with reference   12. A method of controlling bacteria, which  30
to the foregoing Examples 4 and 5.           comprises contacting the
bacteria with a       8. Halogenated isophthalonitriles, when pre-
bactericidal amount of a compound accord- 10  pared by methods according to
claim 5, 6 or  ing to any of claims 1 to 4 and 8 or a com-     7.
position according to claim 9. 



9. A biologically-active composition, com-   13. A method of killing
nematodes, which  35     prising as an essential active ingredient a bio-
comprises applying to the soil a nematocidal     logically active amount of
a compound hav-  amount of a compound according to any of 15  ing the
structure defined in claim 1, a minor  claims 1 to 4 and 8 or a composition
accord-     amount of a surface-active agent and the  ing to claim 9.
balance a carrier.        10. A method of inhibiting fungus growth
POLLAK, MERCER & TENCH,     which comprises applying to the fungus, foli-
Chartered Patent Agents, 20  age or soil containing it a fungicidal amount
Audrey House, Ely Place,     of a compound according to any of claims
London, E.C.1.     1 to 4 and 8 or a composition according to
Agents for the Applicants.     claim 9.             Leamington Spa: Printed
for Her Majesty's Stationery Office, by the Courier Press
(Leamington) Ltd.-1967. Published by The Patent Office, 25 Southampton
Buildings,                            London, W.C.2, from which copies may
be obtained.                       ERRATA       SPECIFICATION No. 1,058,557
Page 6, Table 2, for "92 St 5, CH" read     "92 St 5, Ch" Page 9, line 61,
for "X[err],X[err]X[err] and X[err]" read     "X[err],X[err]X[err] and
X[err]" THE PATENT OFFICE   20th March 1967    


