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Reactions of Aryl Organometallic Reagents with Isomers of Phthalonitriles:
Triaryl Diketimines and Diketones
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Synthesis and hydrolysis of aromatic diketimines of triaryl type were investigated by the action of aryl organometallics on
the three isomers of phthalonitrile. The reactions of organometallic reagents, prepared from bromobenzene, o-bromotoluene
and o-bromoanisol, with iso- and terephthalonitrile proceeded in normal way. Decomposition of the addition complex with
dry ammonia, methanol or water gave six diketimines, which could be hydrolysed to the corresponding diketones. Reactions
of phthalonitrile with the organometallic reagent were different from the other isomers, so that the decomposition and hydrolysis
of the addition complex did not give diimines and the corresponding aromatic diketones.

Introduction

In spite of their frequent occurrence as intermediates in
the synthesis of ketones from the reaction of organometallic
reagents on nitriles, relatively a few ketimines appear to have
been isolated and characterized. The production of ketimines
as hydrochloride was described for the first time by Hantzch
and Kraft," in 1891, by the reaction between urethan and
dihydrochlorides produced from ketones and phosphorus pen-
tachloride. In 1920, Moureu and Mignonac? published a study
of eleven ketimines prepared from aromatic nitriles and
Grignard reagents. Other workers®® also have since describ-
ed the synthesis of ketimines or their salts by the action of
organomagnesium reagents on nitriles. The hydrolysis of
ketimines into corresponding ketones was also widely ac-
complished.

The systematic studies on ketimines, however, were done
first by Pickard and his coworkers in early 1950s. They

developed two methods for the preparation of ketimines by
Grignard reaction on nitrile. The first method involves decom-
position of the Grignard adduct with anhydrous hydrogen
chloride to get an imine salt. This procedure, which parallels
that of Moureu and Mignonac,? has proved feasible and af-
forded fair yields of products.

R’CN R
R/

HCl R

RMgX >C=NMgX —— R,>C=NH-HC]

The second involves decomposition of the Grignard adducts
with anhydrous ammonia, which gives free imines. This
modified procedure required less time and gave higher yield.
By these methods, they prepared various ketimines of alkyl-
aryl,'*-!* diaryl'* and dialkyl types.'*-'*

dey NH
§,>C=NMgX ik §,>C=NH
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In 1961, an improved method of ketimine synthesis was
reported by Pickard and Tolbert,'* which involves the addi-
tion of nitrile solution to a Grignard reagent, followed by
decomposition of the Grignard-nitrile complex with anhydrous
methanol. This modified procedure have been widely applied
in the synthesis of ketimines by many investigators.!’-*°

g,>C=NMgX anhyd. MeOH g’

On the other hand, the reaction of organolithium reagents
on nitriles has been studied by some workers?®-?® as a syn-
thetic route of ketones, without separation of intermediates,
ketimines. To obtain the free ketimine, it was neccessary to
hydrolyse the addition intermediate, ketiminolithium, under
mild conditions,?*-3* except where further hydrolysis of the
imines is prevented by steric hindrance, as in the case of pen-
tachlorophenyl aryl ketone imine.32-3?

The ir'®*** and nmr spectrum'’ have been studied for some
ketimines.

Although the studies on ketimines have been made by
many investigators since the work of Moureu and Mignonac,?
there has not been synthetic research on the aromatic dike-
timines. It is the object of this investigation to prepare
aromatic diketimines of triaryl type and examine their pro-
perties. The authors attempted synthesizing triaryl
diketimines by the reaction of aryllithium reagents with
phthalo-, and isophthalo— and terephthalonitriles, respectively,
followed by the decomposition of the resulting addition in-
termediate with appropriate acid, such as anhydrous hydrogen
chloride, anhydrous ammonia, methanol, and in some cases
with water.

>C=NH

Kp

M = MgX, Li 7)
Ar = phenyl, o-tolyl, o-anisyl

C6H4(CN)2 + AtM —~———— Ar

AH = HC1, NH., CH,OH, H,0

3* 73 2

Nine aromatic diketimines were tried-to prepare from the
reaction of three kinds of aryl organometallic reagent with
three isomers of dicyanobenzenes. But, the decomposition to
diketimines of nitrile—organometallic reagent adducts obtained
from the phthalonitrile was in general difficult. The hydrolysis
of them into corresponding aromatic diketone was also
failed. The other intermediate complexes from iso— and
terephthalonitrile could be decomposed to aromatic dike-
timines, which could also easily be hydrolysed to correspond-
ing aromatic diketones.

The other purpose of this investigation is to synthesize
macromolecular host molecules of polycarbonyl cyclic com-
pounds using the aromatic diketones prepared in this work
as starting materials. The substituents groups, methyl and
methoxy, will be converted bromo-, cyano~, and/or carbethoxy
groups via several steps to give bfs (2-bromobenzoyl)benzene,
bis (2-cyanobenzoyl)benzene and bis (2-carbethoxybenzoyl)-
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AR biR:CH,  ci R=0CH,

benzene. The two of these compounds may be condensed by
intermolecular and then intra-molecular Grignard reaction,
to give a macromolecular cyclic compound.

Experimental Section

All operations involving organometallic reagents were car-
ried out with well-dried apparatus and solvents under
nitrogen. Diethyl ether and THF were purified by refluxing
it for hours in the presence of sodium metal and benzophenone,
followed by distilling under nitrogen. Dichloromethane was
also purified by distillation in the presence of calcium hydride.
Ammonia was dried before use by passing the gas through
a soda-lime tube. Phenyllithium?®-** was prepared from
bromobenzene and ether, and used as the ether solution.
Melting points were uncorrected.

Ir spectra were recorded with Perkin-Elmer Model 283
spectrometer, and nmr spectra were taken on a Varian
EM-360A spectrometer at 60 MHz to an internal standard
of TMS. Mass spectra were obtained on a Shimazu-LKB 9000
GC/MS system. The TLC was taken with commerically
available product(DC-Plastikfolien Kieselge, Art 5735 60F s,
Merck).

General Procedures for the Synthesis and Hydrolysis
of Triaryl diketimines. From the reaction of Grignard reagent
on aryl dinitrile. In a 100 ml of three-necked round-bottomed
flask fitted with a reflux condenser and a dropping funnel,
0.8-1.0 g of magnesium turnings and 2-5 ml of anhydrous
diethyl ether(or THF) were added. While stirring under
nitrogen, a solution of 25 mmoles of aryl bromide in 10 ml
of anhydrous ether was added carefully through the dropping
funnel. As the reaction commences, addition was continued
for a period of 30 min, and the reaction mixture was refluxed
for 2-4 hr. The resulting Grignard reagent was added drop-
wise by cannulation to a solution of 5 mmoles of dicyano-
benzene in 50-70 ml of ether contained in a 200 ml three-
necked round-bottomed flask which was immersed in an ice—
salt mixture. Stirred for 30 min, the reaction mixture was
refluxed under nitrogen for 10-15 hr. The Grignard-nitrile
complex was decomposed with anhydrous methanol or am-
monia to give diketimines. If ammonia was used as a decom-
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posing agent, the reaction mixture was cooled in a dry
ice—acetone bath and dry ammonia was bubbled for 20 min
through an inlet tube, when some liquid ammonia was form-
ed in the flask. Cooling bath was removed and the mixture
was allowed to warm to room temperature. Decomposed and
filtered the reaction mixture, the filtrate was evaporated to
give crude product which could be purified by chromatography
and recrystallization.

From the reaction of aryllithium on aryldinitrile. In a 200
ml two-necked round-bottomed flask, which was completely
dried for a long time in an oven, 1.0 g (0.008 mole) of
dicyanobenzene was dissolved under nitrogen in 70 ml of dry
ether, where usually suspension was formed. Cooling in a dry
ice—acetone bath, two equivatents (or slightly excess) of
aryllithium reagent in ether was added dropwise with stirring,
then the suspension was dissolved, forming a red solution. Stir-
ring was continued for a few hours, allowing the reaction mix-
ture warm to room temperature, then usually a orange salt
was precipitated forming a suspension. The aryllithium addi-
tion product was decomposed with 50-70 ml of water, stir-
red for 10-20 min, and the mixture was extracted three times
with ether. The combined extracts were washed with water,
dried over anhydrous magnesium sulfate, and filtered. The
etheral solution was evaporated to give a free diketimine. I{
the free imine was unstable, it could be obtained as a salt by
hubbling dry hydrogen chloride gas to the etheral solution,
followed by filtering and washing the hydrochloride several
times with ether.

Hvdrolysis of the arylic diketimine. The hydrolysis of
diketimines into corresponding aromatic diketone was carried
out in an acid or basic solution.

Reaction of Terephthalonitrile with Phenyllithium.
1.4-Dibenzimidoylbenzene(la). The reaction of phenylmagne-
sium bromide with terepathalomitrile did not go well, and so
phenyllithium was used instead of Grignard reagent. To a solu-
tion (suspension) of 1.0 g (8 mmoles) of terephthalonitrile in
50-60 ml of freshly dried diethyl ether was added dropwise
by syringe, at — 78°C, 18 mmoles of phenyllithium in ether
through a rubber septum. Stirring with cooling for 30 min gave
a red solution. After removing the cooling bath, the reaction
mixture was allowed to warm to room temperature, when a
yellow salt of diketiminolithium was precipitated. To this mix-
ture was added with stirring 50-60 ml of water, then the red
solution prompty turned to colorless, forming white pre-
cipitates at the same time which was gradually dissolved into
the ether layer. The ether layer was separated, washed with
saline water, dried over anhydrous magnesium sulfate, and
filtered. Firstly, the ether solution was evaporated and the
crude product was recrystallized from cyclohexane to give pale
yellow crystals, m.p. 100-102°C. The yield was 60-75%.
IR(KBr pellet): 3190 (N-H), 1580(arom. C=C), 1650 cm™
(w. C=N). NMR(CDCL,): 4 7.3-7.8 (m. arom). MS: m/e
284(M?*). Secondly, dry HCI gas was bubbled to the ether solu-
tion to give a white crystalline salt which was washed with
ether. M.p. 205-207°. IR(KBr pellet): 3300-2500(broad, N-
H-HC(] salt), 1650(C=N), 1600 cm™'(arom. C=C).

1,4-Dibenzoylbenzene (4a). 'The diiminium salt(la) could easi-
ly be hydrolysed by refluxing the methanol solution in 6 N
HCl for a few hours. Methanol was removed on a rotary
evaporator. The residue was extracted with ether, dried over
anhydrous magnestum sulfate, and was removed the solvent
under reduced pressure to give a crystalline solid product. The
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crude product was chromatographed on silica gel column us-
ing dichloromethane as an eluent, and recrystallized from
ethanol to give a colorless crystalline product, a aromatic
diketone (4a), m.p. 156-158°C. The overall yield from tere-
phthalonitrile was 35-40%. IR(KBr pellet): 1680(C = 0), 1600
cm™(arom. C=C). NMR(CDCl,): d 7.5~8.0(m. arom. H). MS:
m/e 286(M?*).

Reaction of Terephthalonitrile with o-Tolylmagnesium
bromide. 1,4-Bis (2-methyibenzimidoyl) benzene(1b). A Grignard
reagent prepared by oridinary method, as described in general
procedure, from 0.8 g of magnesium turnings and 4.3 g (25
mmoles) of o-bromotoluene in ether, was added by cannula-
tion, dropwise under nitrogen, to a solution of 0.65 g (5
mmoles) of terephthalonitrile in 70 ml of dry ether at an ice
bath temperature. After stirred for 30 min, the pale yellow
reaction mixture was reflux overnight. The resulting Grignard
addition product was cooled in a dry ice-acetone bath and dry
ammonia gas was bubbled for 30 min, when some ammonia
was liquefied. Stirred for 20 min, removed the cooling bath
and the mixture was warmed to room temperature to remove
ammonia. The reaction mixture was filtered and the filtrate
was evaporated under reduced pressure. The crude crystalline
product was chromatographed on silica gel column using
dichloromethane, and recrystallized from ether to give a col-
orless crystalline solid of triaryldiketimine(1b), m.p. 158°, yield
30-45%. IR(KBr pellet): 3220(=N-H), 1605 and 1500(arom.
C=C), 1445 and 1380 cm™(CH;). H-NMR(CDCL,): 6 2.13(6H,
Me), d 7.24(8H, arom.), d 7.67(4H, arom.), d 9.6(2H, broad,
N-H).

1,4-Bis (2-methylbenzoyl) benzene (4b). The diketimine(1b)
was hydrolysed almost quantitatively to corresponding
diketone. The methanol solution of the diketimine was mix-
ted with 6N hydrochloric acid, refluxed for a few hours, and
extracted with dichloromethane. The extract was wash with
sodium carbonate solution and water successively, dried over
anhydrous magnesium sulfate, and the solvent was removed
to give a crystalline solid. The crude product was chro-
matographed and recrystallized from petroleum ether. A pale
yellow crystalline product of the corresponding diketone was
obtained, m.p. 78.5°-79.5°, yield 95%. IR(KBr pellet): 3090,
2920, 1670 (C=0), 1600 and 1500(arom. C=C), 1450 cm™
(CH,). H-NMR(CDCL): ¢ 2.35(5H, CH,), d 7.28(arom. 8H),
d 7.83(arom. 4H).

Reaction of Terephthalonitrile with o-Anisylmagnesium
bromide. I,4-Bis(2-methoxybenzimidoyl)benzene (Ic). A
Grignard reagnet prepared from 4.8 g (25 mmoles) of o-
bromoanisole and 0.8 g of magnesium turnings in ether was
added dropwise to an ice-cooled solution of 0.65 g (5 mmoles)
of terephthalonitrile in 80 ml of dry ether for a period of 30
min. The mixture was refluxed overnight under nitrogen to
give a yellowish Grignard-nitrile complex, which was decom-
posed at — 78°C by dry ammonia as described in general pro-
cedure. The slurry in the reaction mixture was filtered off and
the solvent of the filtrate was slowly evaporated, then fine
crystals of the diketimine(1c) was separated, m.p. 160-161°,
yield 35-45%. Being unstable, this diketimine could not be
purified by column chromatography. IR(KBr pellet): 3247
(=N-H), 3057, 2927(C-H), 1595cm‘(arom. C=C). H-
NMR(DMSO-d,): & 3.67(6H, OCHs), 4 6.83~7.84(arom. 12H),
4 10.47(2H, NH). MS: m/e 344(M*), 225, 210, 134, 107, 93.

1,4-Bis (2-methoxybenzoyl) benzene (4c). To a methanol solu-
tion of the diketimine(1c) was added 10-20 ml of 6N HCI, and
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the mixture was reftuxed for a few hours. After working up
the reaction mixture, as described for 4b, the crude product
was chromatographed on a silica gel column using dichloro-
methane as eluent. Recrystallization from n-hexane—-diethyl
ether gave a white crystalline solid of the corresponding
aromatic diketone(4c), m.p. 200.5-201.5°C, yield 95-100%.
IR(KBr pellet): 3080, 2845, 1660(C = 0), 1605 and 1485(arom.
C=0), 1470(CH,), 1260, 1030 cm (C-0). H-NMR(CDCl,): 4
3.7(6H, OCH,), d 6.94~7.79(arom. 12H). MS: m/e 346(M*),
314, 239, 211, 195.

Reaction of [sophthalonitrile with Phenyllithium.
1,3-Dibenzimidoylbenzene (2a). To a solution(suspension) of 2.0
g(15 mmoles) of isophthalonitrile in dry ether was added drop-
wise by syringe, at —78°C, under nitrogen with stirring, 35
mmoles of phenyllithium. This reaction mixture was allowed
to warm to room temperature while stirring for 2 hr, then a
red solution was formed. To this solution about 50 ml of cold
water was added, then the solution turned from red-brown
to colorless and at the same same time was formed white
precipitates which was gradually dissolved into the ether layer.
The reaction mixture was extracted with ether, dried the
filtrate, and dry HCI gas was bubble to the ether solution to
give a white crysalline solid of the triaryl diketimine hydro-
chloride(2a), followed by washing the salt with dry ether. The
diketimine being unstable, it could only be obtained as free im-
ine by direct evaporation of the ether solution, followed by
chromatography. The hydrochloride was very hydroscopic and
water-sensitive, so that it could not operate further purifica-
tion in the air. M.p. 194-196°C. IR(KBr pellet): 2500~3200
cm™(broad, N-H salt), 1640 cm™(C=N), 1950 c¢cm*(arom.
C=0).

1,3~ Dibenzoylbenzene (5a). The diimine salt(2a) was dissolv-
ed in 3N hydrochloric acid and reflux for 1 hr. The mixture
was extracted with diethyl ether, dried the filtrate on
anhydrous magnesium sulfate, and removed the solvent on
rotary evaporator. The crude product was recrystallized from
ethanol, to give a colorless crystalline solid of the correspon-
ding aromatic diketone(5a), m.p. 97-99°. The overall yield
from isophthalonitrile was 50-60%. IR(KBr pellet): 3060,
1650(C =0), 1590 cm~'(arom. C=C). NMR(CDCl,): 4 7.3~8.2
(m. arom. H). MS: m/e 286(M*), 209, 181, 105, 77.

Reaction of Isophthalonitrile with o-Tolylmagnesium
bromide. 1,3-Bis (2-methylbenzimidoyl) benzene (2b). A
Grignard reagent obtained, as ether solution, from 4.3 g (25
mmoles) of o-bromotoluene and 0.8 g of magnesium turnings
was added dropwise through a cannula under nitrogen to an
ice-cooled solution of 0.65 g(5 mmoles) of isophthalonitrile
in 80 ml of dry ether. The mixture was refluxed for 14 hr to
give a Grignard-nitrile complex, which was then decompos-
ed by dry ammonia at low temperature as described in general
procedure. After filtered the reaction mixture, the filtrate was
evaporated to give a crude product, which was purified by
column chromatography, obtaining a yellowish liquid product
of the free diimine(2b). The yield 45-60%. IR(neat): 3242
(=N-H), 3052, 2912, 1655(C=N), 1600 cm'(arom. C=C). H-
NMR (DMSO-d,): 6 2.13(6H, CH,). 6 7.21~8.05(arom. 12H),
¢ 10.33(2H, N-H). MS: m/e 312(M*), 194, 118, 91.

1,3-Bts (2-methylbenzoyl) benzene (5b). The aromatic
diimine(2b) was hydrolysed in 6N HCl and worked up after
the procedure described for 4b to give a crude product, which
was purified on silica gel-dichloromethane column, obtaining
a yellowish liquid product. The yield 90-95%. IR(neat): 3055,
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2850, 1660(C=0), 1595(arom. C=0), 1485 cm (CH,). H-
NMR(CDCly): 6 2.2(6H, CH,), é 7.05~8.15(arom. 12H). MS:
m/e 314(M*), 195, 165, 119, 91, 65.

Reaction of Isophthalonitrile with o-Anisylmagnesium
bromide. 1,3-Bis (methoxybenzimidoyl) benzene (2c). A Grignard
reagent prepared from 4.7 g(25 mmoles) of o-bromoanisole
and 0.8 g of magnesium turnings was reacted under nitrogen
with 0.65 g(5 mmoles) of isophthalonitrile in 80 ml of dry ether
according to the general procedure. The resultant Grignard-
nitrile complex was decomposed with dry ammonia, and the
reaction mixture was filtered to remove slurry. Slow evapora-
tion of the filtrate gave a colorless crystalline solid product
of the corresponding aromatic diketimine(2c). This free
diimine also unstable and water sensitive, and it could not be
purified on a silica gel column. M.p. 48-50°C, yield 25-35%.
IR(neat): 3027-3057(=N-H, broad), 1670(C=N), 1595 cm™’
(arom. C=C). H-NMR(DMSO-d,): 4 3.68(6H, OCH,;), d
6.81~7.92 (arom. 12H), 6 10.27(2H, N-H). MS: m/e 344(M*),
210, 134. 107.

1,3-Bis (2-methoxybenzoyl)benzene(5¢). The aromatic
diketimine(2c) was hydrolysed by refluxing in 6N HCI and
worked up the reaction mixture according to the procedure
for 4b. Recrystallization from n-hexane-dichloromethane gave
a colorless crystalline product of the diketone(5¢), m.p.
107.5-108.5°C, yield 90-95%. IR(KBr pellet): 3080, 2840,
1660 and 1650(C=0), 1590 and 1465(arom. C=C), 1460
cm™(CH,). H-NMR(CDCl,): d 3.65(6H, OCH,), d 6.8~8.2
(arom. 12H). MS: m/e 346(M*), 314, 239, 226, 211, 195, 135,
77.

Reaction of Phthalonitrile with Organometallic Reagents.
The solution of phthalonitrile in aprotic solvent was reacted
with phenyllithium and Grignard reagents of o-bromotoluene
and o-bromoanisole respectively. The addition complexes
were worked up according to the general procedure. The pro-
ducts which were obtained as liquid, HCI salt or crystals, were
generally unstable and difficult to purify. The expected
aromatic diketimines and the hydrolytic products, diketones,
could not be obtained. There seems to be little doubt that
the reaction of phthalonitrile proceeds via different mechanism
from the other isomers. The reaction should be examined by
further experiments.

Results and Discussion

Some progress have been made in this investigation for
the synthesis of aromatic diketimines of triaryl type by the
action of organometallic reagents on isomers of phthalonitrile.
Although dicyanobenzenes dissolve well in tetrahydrofuran,
the reactions were carried out in diethyl ether in which the
dinitriles still remain as a suspension because of the low
solubility. When tetrahydrofuran was used as a reaction
medium, dark purple coloration of reaction mixture was
sometimes brought about, which was very annoying in work
up contaminating the product.

The reaction of aryl Grignard reagents with aromatic
dinitrile was very slow and was needed reflux for a long time.
Aryllithium reagent, however, reacted very fast with the
dinitrile even at —78°C, forming a red complex solution. The
Grignard-nitrile addition complex could be decomposed into
diketimine with water, dry ammonia or anhydrous methanol.
In general, decomposition with dry (or liquid) ammonia gave
better yield than with methanol in which reflux was needed
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for hours. Decomposition of the Grignard complex proceed-
ed efficiently at a temperature of dry ice—acetone bath.
The resultant diketimine showed comparatively low solubili-
ty in ether, and it was necessary to wash down the residue
thoroughly with organic solvent on filtering the reaction mix-
ture. By evaporating the filtrate carefully, diketimines were
obtained as a crystalline or liquid product.

The aromatic diketimines could also be separated as a solid
salts by passing dry HCl gas into the ether (or other aprotic
organic solvent) solution of the diimine. The hydrochloride
were in general hygroscopic and unstable in the air, and it
was difficult to purify by recrystallization. The free diimine
of triaryl type were comparatively much more stable than the
hydrochloride, and could be recrystallized from appropriate
organic solvents, such as dichloromethane-hexane or dich-
loromethane-petroleun ether. The diimines could also be
purified by chromatography, but, some of them were too
unstable to separate on silica gel, because they were hydrolyz-
ed partly into corresponding diketones during the chromato-
graphy. The aromatic diketimines produced from the reaction
between isophthlonitrile and phenyllithium or o-tolylmag-
nesium bromide melted at room temperature, so they could
hardly be obtained as a crystalline solid.

We have taken for granted that phenyl-, o-tolyl- and o-
anisylmagnesium bromide will show similar reaction activity
on dicyanobenzenes. But, oddly enough, phenylmagnesium
bromide did not react efficiently with the dinitriles, leaving
starting material almost unchanged in the reaction mixture.
So that, phenyllithium was used instead of the Grignard
reagents. One might guess that the electron-releasing substi-
tuents, methyl and methoxy, affacted the reactivity of the
Grignard reagent.

On the other hand, it was almost impossible to prepare
triaryl diketimines from the reaction of phthalonitrile with
organometallic reagents. It was also impossible to obtain the
corresponding aromatic diketones by hydrolysing the addition
complex. The reaction may proceed different way from the
reaction of Zso- and terephthalonitrile. It is likely that cycliza-
tion will occur during the reaction to form a five-membered
azo ring. We have got some crystalline product from the reac-
tions, though the structures were not determined. The reac-
tions will be investigated further.
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