Substitution yields

(Cl= Y CuXV =0.75 3 C| Dk, |'* < 0.693 )

kobsd
which by rearranging and squaring results in Equation 11.)

k= 2.67 Z( 107 [ kObSdVJ
8°D A

where ¢ is the partition coefficient (concentration of iodo-
methane in liquid per concentration of iodomethane in gas
phase), D is the diffusivity of icdomethane in the liquid
(square centimeters per second), and the other quantities
have already been defined. The partition coefficient of iodo-
methane between water and air has been determined in
this laboratory to be 1.5 at 50°C. for very dilute solutions
of iodomethane. The diffusivity of iodomethane was
assumed to be 2.5 x 1077 sq. cm. per second, which is
of a correct order-of-magnitude value when compared with
the diffusivity of various haloalkanes (5).

The liquid reaction rate constant which is calculated
from the data in Table II is proportional to the square
of the mole fraction of hydrazine hydrate in the solution
(Equation 11 and Figure 2) for the concentration range
which was studied. The calculated liquid reaction rate for
a 5.1-mole per liter solution—i.e., 0.11 mole fraction—is
0.34 second ' which corresponds to a second order rate
constant of 0.07 liter mole ' second ",

The liquid reaction rate constant is estimated to be ca.
0.3 liter mole™' second™' which is a factor of four faster
than that calculated by use of Equation 11. (The liquid
reaction rate constant has been determined directly in this
laboratory to be 0.02 liter mole™' second ' at 21°C. for
0.03 to 0.1 M hydrazine solutions which are 0.05M in sodium
hydroxide. With the assumption of an activation energy
of 18 kcal. per mole, the reaction rate constant at 50°C.
is calculated to be 0.3 liter mole™" second™.) The
experimental dependence of %, calculated by Equation 11
on the square of the mole fraction of hydrazine hydrate
is quite unexpected and is difficult to rationalize with respect
to the second order kinetics which were found for dilute
(ca. 0.1M) hydrazine solutions. The application of Equation
10 to prediction of rates of iodomethane removal appears
to be more reliable than the predicted rate from the
diffusion-reaction model.

Treatment of the data in Table III according to the
Arrhenius relationship yields an energy of activation of
between 5 and 6 kcal. per mole. The energy of activation

(11)

appears to increase as the temperature is increased. Winning
(11), in studying the heterogeneous reaction of hydrazine
and oxygen, found an energy of activation of 6.4 kcal.
per mole which increased as the temperature was increased.
Winning suggested that this effect, the increase in energy
of activation, was due to the increasing importance of the
gas phase reaction. Bowen has reported the energy of
activation of the gas phase reaction of hydrazine and oxygen
to be 38 kcal. per mole (2). This reasoning could be applied
to the reaction between hydrazine and iodomethane, and
the rate of the gas phase reaction would be predicted to
become an increasingly important term as the temperature
is increased. (If 5 and 38 kcal. per mole are assumed to be
the energy of activation of the first and second terms, and
if at 50°C., the contribution of the second term to the
over-all rate is 1%, then at 60° and 70° C., the contribution
of the second term would be 5 and 24%, respectively.)
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Half Amides and Imides of cis-Cyclohexane-1,2-dicarboxylic

Acid and cis-4-Cyclohexene-1,2-dicarboxylic Acid

H. C. GODT, Jr., J. F. ANZENBERGER, and M. C. FREERKS

Monsanto Co., Organic Chemicals Division, Research Department, St. Louis, Mo.

THE cis-cyclohexane-1,2-dicarboxylic anhydride [m. p.
31°C.; b.p. 161.7-1.9°C. (25 mm.)] and cis-4-cyclohexene-
1,2-dicarboxylic anhydride (m.p. 103-4°C.) are readily
available commercial materials finding use as alkyd, poly-
ester, and epoxy resin intermediates (2, 3, 16). The former
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is prepared by hydrogenating the latter (13), which is made
by adding maleic anhydride to butadiene (4, 6).

Although many miscellaneous half amides and imides
have been prepared from these anhydrides, only the N-alkyl
imide derivatives have been given extensive study (17, 19,
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The preparation and properties of 19 cis-2-(substituted-carbameyl)cylco-hexane-
carboxylic acids, 19 similar cis-6-(substituted-carbamoyl)-3-cyclohexene-1-carboxylic
acids, and their corresponding 38 imides are described. Pertinent infrared spectral

data are also given.

20, 22). The materials are reported to have potential utility
as insect repellants (I, 10, 17, 21), pyrethrin synergists
(7), gasoline antiknock agents (23), and herbicides (15).
Most notable is the fungicide, Captan, cis-N-trichloro-
methylthio-4-cyclohexene-1,2-dicarboximide (71, 12).

For comparative purposes, this paper describes the prep-
aration and properties of 38 half amides of cis-cyclohexane-
and cis-4-cyclohexene-1,2-dicarboxylic acids and the 38 cor-
responding imides. N-Alkyl, cycloalkyl, alkenyl, aryl, and
heterocyclic derivatives are included. Table I gives the
physical and chemical properties of the 19 cis-2-(substituted-
carbamoyl)cyclohexanecarboxylic acids. Table II provides
representative infrared spectral data of these materials. The
corresponding information on the other 57 compounds has
been deposited in tabular form with the American
Documentation Institute. The tables are entitled: “cis-
2 - (Substituted - carbamoyl) -3- cyclohexene -1- carboxylic
Acids,” ““cis-N-Substituted 1,2- cyclohexanedicarboximides,”
““cis-N-Substituted -4- cyclohexene -1,2- dicarboximides,”
and “Infrared Spectral Data (KBr Pellets) on cis-2-(Substi-
tuted - carbamoyl) -3- cyclohexene -1- carboxylic Acids,
cis-N-Substituted -1,2- cyclohexanedicarboximides, and cis-
N-Substituted -4- cyclohexene -1,2- dicarboximides” (ref-
erences 5, 8, 18, and 25 are cited in these tables).

EXPERIMENTAL

The half amides were formed by various modifications
of the well-known anhydride-amine reaction at 55° to 70°C.
All of the imides, except the p-nitrophenyl derivatives and
one of the 2-chlorophenyl imides (compound 64), were pre-
pared by thermal dehydration of the corresponding half
amide. For the three exceptions, dehydration of the half
amides to the imides was effected by acetic anhydride and
sodium acetate.

The cis configuration for 2-(phenylcarbamoyl)cyclohex-
anecarboxylic acid and N-phenylecyclohexane-1,2-dicar-
boximide has been definitely established (I, 2). On this
basis, as well as the published knowledge of the stereo-
chemistry of the Diels-Alder reaction by which the starting
cis-4-cyclohexane-1,2-dicarboxylic anhydride is obtained, the
cis configuration is assigned to all of the half amides and
imides in both series.

Infrared spectral data (Table II) on selected samples
of the half amides and imides were obtained on a Beckman
Model IR-5, sodium chloride prism, infrared spectro-
photometer. For most of the materials, potassium bromide
pellets (0.1 gram) containing 1% of the compound were
prepared and the spectra obtained using the Wilks Scientific
Corp. Mini-Press and slide holder. For two liquids
(compounds 42 and 61), the spectra were obtained through
a capillary film (0.01-mm. thickness). For compound 21,
the spectrum was obtained as a 40% Nujol mull (0.01-
mm. thickness), a 1% chloroform solution (0.25-mm.
thickness), as well as a KBr pellet.
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Method A, The anhydride (0.2 mole) was dissolved in
200 ml. of benzene while stirring and heating to 55°C.
A solution of 0.2 mole of the desired amine in 200 ml.
of benzene was added in a slow stream over a period of
10 to 15 minutes while stirring and maintaining the reaction
mixture at 55°C. After all of the amine solution was
introduced, the reaction mixture was stirred and heated
at 55° to 70°C. for 1 hour. In some instances, a small
portion was then removed, the benzene evaporated, and
the residual solid used as seed. On cooling the reaction
mixture to 10° C. and seeding, the product precipitated and
was isolated by filtration. An analytical sample was obtained
by recrystallization from an appropriate solvent.

Method A7. Same as method A except the amine was
added as a solid to the benzene (200 ml.) solution of the
anhydride.

Method A2. Same as method A except the anhydride
was dissolved in 400 ml. of benzene.

Methoed B. The reaction was run as described in method
A except the anhydride and 4-nitroaniline were each dis-
solved in 150 ml. of methyl ethyl ketone. The reaction
mixture was stirred at 70°C. for 6 hours and allowed to
stand overnight at 25°C. The product was separated by
filtration, reslurried in 150 ml. of methyl ethyl ketone,
again separated by filtration, and dried.

Method C. Similar to method A except the anhydride
was dissolved in 100 ml. of acetone; the amine, in 50
ml. of acetone. After stirring the reaction mixture for 2
hours at reflux, a small portion was removed, the acetone
evaporated, and the residual solid used as seed. After adding
150 ml. of water, the reaction mixture was seeded and
cooled overnight at 10° C. The product was separated by
filtration and recrystallized from an appropriate solvent.

Method D. The cis substituted carbamoyl-carboxylic acid
was melted, then stirred, and heated at a temperature
about 20°C. above its melting point for a period of 1
hour while applying a vacuum (200 mm. of Hg) to remove
the liberated water. The resulting product was cooled and
recrystallized from an appropriate solvent or, if a liquid
or low melting solid, distilled at reduced pressure.

Method E. The cis substituted carbamoyl-carboxylic acid
(0.07 mole), 28.6 grams (0.28 mole) of acetic anhydride,
and 2.8 grams (0.034 mole) of sodium acetate were mixed
and allowed to stand overnight at 25°C. The reaction
mixture was then stirred and heated at 90°C. for 1 hour
and poured onto crushed ice (about 75 grams) whereupon
the product crystallized. After separating the product by
filtration, it was washed with distilled water and dried.
Two of the three compounds prepared by this method
were further purified by recrystallization from ethanol.
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Table Il. Infrared Spectral Data (KBr Pellets)
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