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I. SIGNIFICANT RESULTS

Eight glycidvl amines have been prepared by alkevlating the parent
amine with epichlorohydrin to form the chlorohydrin, followed by
cyclization with aqueous NaOH, 'Three of these compounds contained
propargyl groups for postcuring studies.

A procedure for quantitatively estimating the epoxy content of
these glycidyl amines has been employed for purity determinaticn.
Two diamino carbomates and several model propargyl compounds were
prepared,  The synthesis of three new diamines, two which contain
propargyloxy groups and another with a see-butvl group, is in progress.
These materials are at the dinitro stage now, ready for the final
hydrogenation step.

Four aromatic diamines have been synthesized for mutagenic testing
purposes. One of these cunr-ands rapidly decomposes on exposure to

air.
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1L, INTRODUCTION

The objective of L. research conducted sizice the last One Year
Progress Report (December 15, 1979) has been to synthesize and submit
to langley Rescarch Center certain compounds from the following groups:

A. Glycidyl Amine Derivatives. Compounds having the following
general structure, where X is —SOZ-k, -CHZ-, and -COB— and substituted

0
(cg—-—\c»{cuz) 2N© X \@N ((:H?;ﬁ .O_\cmz) 5

3,3'- and 4,4'- about the aniline rings, were needed for evaluating the
effect of the X group on toughness in epoxy-graphite composites,

B. Propargyl-Containing Amines, Model Compounds, and Reactive
Solvents. These campounds were needed to test the ability of the
propargyl group to undergo a heat induced crosslinking or chain extension
reaction when incorporated in various polymer svstems such as polyamides
or epoxides.

C. Compounds for Mutagenic Testing. Several aromatic diamines of

the following general structure, where X is -50,-, 7C=0, or -NH- were

X
ome™

needed for evaluation as mutagenic agents. These compounds are part of
a large series of compounds being evaluated by Monsanto Research Corp. for
Langley.

Supplemental funding has recently been approved for the purchase of
a Perkin-Elmer HPIC system composed of two pumps, a uv-visible detector,
analytical and preparative colums, and a small printer-plotter. This
instrument will be initially used for the analysis of the glyeidyl amines
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being prepared. We also plan to use this HPIC to monitor the purity
of most compounds that are submitted to Langley.

Five students have worked as research assistants on grant projacts,
They have worked up to ten hours per week during both semesters of the
school year or for ten weeks full-time during the sumer, These students
are Alice George, Laurie Gardiner, Jac Jonas, Jerri Elliott, and Alisa
Williams, Jerri and Alisa have gone on to medical school, Alice has gone
to graduate school (toxicology), and Laurie and Jac have gorie to points

wuriknown. Robin Ficklin began work several weeks ago as a sumer research
assistant.
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III, RESULTS AND DISCUSSION

A. Glycidyl Amine Derivatives

As a2 result of recent dramatic increases in fuel prices, NASA has
put research emphasis on the development of epoxy-graphite camposite
materials which have a high strength and improved toughness . These
new materials may find use in second generation aircraft, whose chief
feature will be reduced weight and improved fuel efficiency. One way
to imcrease the touglness of epoxy resins may be to build into the epoxide
monomer certain energy absorbing sulfone, carbonate, or carbocyclic groups.
Thus, work under NSG-1539 is in progress to prepare certain tetraglycidyl-
amines which contain these groups for evaluation in composites at Langley.

As will be explained in the following discussion, considerable initial
difficulty has been experienced in preparing tetraglycidylanine compounds
of 3,3'- and 4,4'-diaminodiphenyl sulfone with a high (e.g., > 90%) epoxy
content. We believe that the problem may lie with the electron withdrawing
nature of the sulforie group, as a similar preparation from 4,4'-methylene-
dianiline had an epoxy content of 897, We feel that more strenuous
reaction conditions during glycidation may be required. Preliminary
experiments have shown this to be the case.

A second problem we encountered was in the measurement of the epoxy
content. A titration method showing acceptable reproducibility has been
developed from literature procedures,although this method gives slightly
low values,

1. Quantitative Determination of the Epoxy Content

The epoxy content has been used to measure the purity of glycidyl
amine derivatives. Briefly, the term epoxy content refers to, the average
mmber of epoxy groups contained in the average molecule of resin. Several
procedures for its determination are known and have been reviewed.l’2

We have used the pyridine hydrochloride in pyridine method. This

method consists of adding a known excess of a standard pyridine hydrochloride
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solution in pyridine to an accurately weighed sample (usually one gram)

of the epoxy compound and heating. Most of the epoxy groups are converted

to the chlorohydrin as in the following equation. The excess HCl is then
_0Q Py+HC1 o EH“ o

——I;J—CHZCH—-—- CH'2 r —I;I—CHZ --CH2

in Pyridine

vitrated with standard NaQH solution to a pherolphthalein end point.
Calculation of the epoxy content is then made using the following equations,

no. equivalents epoxy _ no. equivalents base _ ho. equivalents HCL
in compound " required to backtitrate = added as Py.HCl in Py

From the definition of the equivalent weight(eq. wt.):

sample size in of compound in grams no. of epoxy equivalents
= in the compound

eq. wt. of compound

theoretical eq. wt,

epoxy content. (in %) = x 100

eq. wt. from titration

For example, an epoxy content determination (run in triplicate) was
made on a sample of N,N-diglycidylaniline. This material, prepared over
a year ago and freshly redistilled, gave the following analysis., See
Experimental for details,

Run no. Epoxy Content, %

1 95.3

2 0.4

3 - 92,5
average 92T

The N,N-diglycidylaniline may not hiave been 1007 pure, although the
sample had been redistilled through a Vigreux colum, This titration
method is, ir addition, knovn to give low epoxy content. val‘ues.3 The
formation of a small amount of a low molecular weight polymer having the
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following structure during the rzflux step with pyridine hydrochloride

in pyridine is thought to be responsible for low epoxy content values.*

@
o (Jor oo

N, N-Bis(2, 3-epoxypropyl)aniline

This compound was prepared in 727 vield from aniline and epichloro-
hydrin (molar ratio 1:4) followed by treatment of the resulting chlorohydrin
with 50% aqueous NaOH. This compound was prepared as a model to determine
suitable reaction conditions and infrared and NMR data for preparing and
analyzing other compounds. In addition this compound was used as a
standard to measure the accuracy and precision of the epoxy content
determination previously discussed.

Several earlier attempts to prepare this compound using other
experimental conditions were not successful, Tor example, the azeotropic
removal of water during the NaOH cyclization step of the chlorohydiin
of aniline led to the formation of excessive polymeric material in evevs
case.

2. Glycidyl Sulfones, Methanes, and Carbonates
3,3'- and 4,4"-Sulfonylbis(N,N-bis(2, 3-epoxypropyl) )aniline

0 S 0
(CH)— CHCH,)., N@— %2©N(m2mQ%>2

Both isomers were initially prepared using the procedure of Reinking.

5

The tetrachlorohydrins were prepared from the diaminodiphenyl sulfones and
excess epichlovchydrin in ethanol-water at SOOC, followed by cyclization
with 50% aqueous NaOE and heat. The excess base was then removed by
extraction into water, and a methylene chloride solution was dried before
the solvent was removed in vacuo. Both compounds were light vellow, glassy
solids at roam temperature and required melting at a temperature of over
100°C before they could be poured. The analysis of these two isomers is

o ks b 6 000 s SO W ISR sl - s R I B 5t 6t s oM et
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given in the following Table,I.

Table I. Analysis of Glycidylamine Sulfones Prepared by the Frocedure
of Reinking,

Isomer Sample Size Submitted 7 Yield Epoxy Content, %

3,3'- 157¢ 82 54%

4,4 - 162g 85 40

* Average of two analyses.

The literature reports the preparation of the 4,4'-isomer by the
same general procedure but under different reaction c:onditions.6 The
epoxy content varied between 61-687%, depending on the conditions,

The best explanation for the low epoxy coritent of these two silfones
appears to lie in the deactivating nature of the sulfone group on the
amino group, This would appear to be especially important in the 4,4'-
isomer, where inductive as well as resonance effects operate. More
vigorous reaction conditions may be needed to fully alkylate these
diamines with epichlorohydrin.

In this regard a modified procedure for alkylating highly hindered
amines with epichlorohydrin has been found.7 For eyample, Z2,4,6-tribromo-
eniline was converted to the corresponding N,N-diglycidvlaniline derivative
by heating the amine and epichlorohydrin with glacial acetic acid for 20 hrs,
at 110°C. The epoxy content was 94.4%

With this in mind we tried this modified procedurre for the small
scale preparation of the 4,4'-tetraglycidyl sulfone. We found that the
epoxy content was increased to 507 by this modified procedure. .

A second procedure has been suggested by R. Bauer of Shell Research
and Development Corp.8 He recommended heating the reactants at 100°C
for 20 hrs. and removal of the excess epichlorohydrin by distillation
before cyclization with NaOH. An advantage to this procedure is that
it may cut down on the amount of polymer formation (white powder) which
is always observed during the cyclization step. Mr., Bauer claimed that
NaOll easily opens and polymerizes epichlorohydrin,

We plan to continue small scale glycidation reactions with these
sulfore diamines until we are able to produce a product having an adequate
epoxy content,

e e i § et o o utb B e e 6 e o s SN DI b kWi
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4,4'-Methylenebis(N,N-bis(2, 3-epoxypropyl ) aniline

This compound was prepared using a similar procedure to that of
Reinking. Toluene was replu.ed by methylime chloride in dissolving
the initial product, The ¢poxy content vas found to be 89%.

This compound was prepared on a smaller scale using the same procedure
as in the previous example. However, the epoxy content, determined in
duplicate, was much lower, 66.3 and 67.8%. Using the previously mentioned
modified procedure (20 hrs. at 8700) the epoxy content was 75.9 and 76.8%.
N,N'-Bis(2, 3-epoxypropyl)-4,4'-tr imethyleredipiperidine

Using a similar procedure as in the previous glycidyl compovmds,

3,3' -Methylenebis (N,N-bis(2, 3-epuxypropyl)) aniline s
|

a 2.5 g sample of this compound was prepared from 4,4'-trimethylenedi-
piperidine-epichlorohydrin and NaOH. The epoxy content was not determined.

3,4-Disminodiphenyl Carbonate

This new diamine was prepared as shown by reacting p-nitrophenyl

H

‘0| !

| N@o-c-m 0, g
O * NO O @ 2 |
2 o N ,3

H,, 5% Pd on C . ©c03\©m2 {

in CgH HoN ;

chloroformate with m-nitropherol interfacially (methylene chloride-water)

in the presence of sodium carbonate to remove the HCLl produced. The resulting
3,4'-dinitrodiphenyl carbonate was then catalytically hydrogenated in a

Parr hydrogenator with 5% Palladium on carben. Seventeen grams of this
material was submitted to lLangley in three samples: 1.5 g, m.p. 107-109.5°C ;
4,7 g, m,p. 112-1130(1; and 10.8 g, m.p. 107-109°C. Melting was accampanied

by decomposition and appeared to be sensitive to the rate of heating.

4,4'-Diaminodiphenvl Carbonate
This diamine was prepared from p-nitrophenyl chloroformate and p-nitro-

phenol as in the previous example, followed by catalytic hydrogenation with

R ST T TR S S P T RN s R T 5 D e s b




7» Palladium on carbon in benzene. Two samples of this material were
submitteds 2.5 g, m.p. 145-147°C and 14.1 g, m.p. 147-148°C. As in the
previous case, melting was accompanied by decomposition.

The preparation of a 100-200 g sample of both the 3,3'- and 4,4'-
diamines is plammed for this summer. Phosgene will be reacted with m-
and p-nitrophenol in the presence of NaOH to form the corresponding
3,3'- and 4,4'~dinitrodiphenyl carbonates, which will then be hydrogenated
to the diamines. These diamines will then be converted to their
tetraglycidyl derivatives by previously mentioned procedures. The
extent to which hydrolysis of the carbonate group will be a problem
during the cyclization of the chlorohydrin with hot aqueous NaCH is
unknown.

3,4 -Diamino-4- (2-butyl) benzopherione

This compound is being prepared as a special project for
Brian Jensen as outlined below, To date a 60 g sample of the dinitro

CH3 H(IHZCH3

AlCl 3
% T, oM o,y
0
1l CH3
. C
mixed acid

:Qmalx. sample of this material has beed
successfully hydrogenated to the diamine.

benzophenone has been prepared.

B. Propargyl-Containing /mines, Model Compounds, and Reactive Solvents

The compounds discussed under this section were prepared umder the
following categories:

1. Amine and Glycidyl Amine Compounds Containing the Propargyl Group.
The attempted preparation of four novel compounds {two were prepared) that
contain both N-glycidyl and propargyvl groups is discussed. The intent of
this study was to prepare compounds for testing which could be conolvmerized
in epoxy systems and which can themmoset on nostauring.

2. Propargyloxvdiamines. The attempted synthesis of two novel
diamines that contain propargvloxy groups was made. The monomers can be

T ST 7 Sy Y I T 1 Vi
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incorporated in posteurable amide nolvmers.

3. Miscellaneous Propargvl Comnounds,  These are all model compomnds
prepared for thermal analvsis. One compound, N-Dromargyl-2-pyvrrolidinone,
was prepared for use as a reactive solvent; it could not be made in sufficient
murity for study., A preliminary pyrolysis GLC study of phenyl propargyl
cether is also discussed,

1. Amine and Glycidvl Amine Camounds Containing the Propargyl Group,
4-Aminophenyl propargyl ether

}{ZN@ O-(;‘HZCE.-:‘ CH

We originally prepared this compound in low vield tw reducing the

corresponding nitro compound with ferrous sulfate in ethanol. I an attanot
to improve the yield and obtain a larger sample for testing, we tried several
catalytic hvdropenations, summarized in Table 1L,

The attanmpted hydrogenation of 4-nitrophenvl propargyl ether using
5% Pt or Pd on carbon as the catalyst was not selective. Both acetvlene
and nitro groups were reduced. However, the use of Ru on alumina was
mode, fullowing the recently reported procedure for reducing nitre compounds
in the presence of acetylenes. Using this catalyst we were initially
unable to separate product from byproduct by fractional crvstallization,
However, we were finally able to separate the amine by extracting its
hydrochloride salt fram the crude toluene filtrate with water. The aqueous
layer was then neutralized with sodium bicarbonate to free the amine,
which was extracted into benzene, dried, and distilled, The resulting
colorless oil readily crystallized from methylene chloride-hexanes. The
best vield to date has been 50%.

N,N-Bis (2, 3~epoxypropyl) -4-propargyloxyaniline
This product was prepared twice by reacting the previously discussed

((}12/._.?_\ CHCH,) ZN@ 0-CH,C= CH

amine with epichlorchydrin at room temperature for 22 hours, followed by

cyclization with aqueous NaUH and ethanol at reflux. The fivst product was
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Table II. Results of Hydrogenation of
p-Nitrophenyl Propargyl Ether

Catalyst, Conditions

5% Pd on C in CeHes 4 hrs,
at 25°C

5% Pt on C, methanol, 3 hrs,
at 25°C

5% Ru on A1203 in C6H6~' 4 hrs,

at 25°C; ca.taléyst/ substrate
G
ratio was 0.2

5% Ru on Al,0q, toluene, 30.5 hrs.

at 71°; catalyst/substrate
ratio, 0.05*

5% Ru on A1203, toluene,

16.5 hrs. at 7lOC; catalyst/
substrate ratio, 0.1*

5% Ru on Al,04, toluene, 30 hrs.
at 71°C; catalyst/substrate
ratio, 0.2*

Results

Complete reduction of both nitro
and propargyl groups; isolated
4-propoxyaniline,

Oily solid with broad m.p.
Probably a mixture with both
functional groups partially
reduced.

No uptzke of H, at 25°¢;
recovered starting material.

177 yield, 71% recovery of
ureacted starting material.

11% yield, 62% recovery of
unreacted starting material.

507% yield

* Wt. of 5% Ru on Al,0, in grams,/ wt. of substrate in grams
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distilled twice under vacum without incident in 33% vield. However,
a second scaled-up disti)lation exploded “lolentily, destroying all of the

undistilled materail, spilling most of the distillate, and throwing glass-

ware twelve fect into the air. No injurv to personnel was received due
to protection from a heavy Plexiglas shield. Approximately 2 grams of
this compound was recovered and submitted to Langley.

N,N-Bis(2, 3-epoxypropyl) -2-propynamine ;
This compound wais prepared by a similar procedure as in the |

previous example, Propargyl amine, epichlorohydrin, and NaOl were
HOE O, N, AT )

reaeted and the product was distilled without dncident. A 4.1 g sample
of this materlal has heen submitted, |

N, N=-His (2, 3-epoxypropyl) -4-amino-N' -propargylphthalimide

0
i

a 0 . N/@: O>N’C“"QCE CH
0 CHCIL. \
2 272 i

Four attenpts have been made to prepare this compound from the j

amire and excess epichlorohvdrin, followed by cyclization with aqueous

or ethanolic NaOH.at temperatures from room temperature to that of
refluxing toluene, In three cases a water soluble, viscous oil resulted, |
indicating that the imide ring had probably been opened. The attempted E
distillation of this oil in the fourth case led to severe decomposition
of the product.

N-(2, 3-epoxypropyl) -N -propargylaniline

/CHzCE CH s

CH,CH—— CH, ;

A 40 gram sample of N-propargylaniline was prepared by alkylating

aniline with propargyl bromide in anhydrous acetone-potassium carbonate.

[




-13-

One attempt was made to alkylate this material with epichlorohydrin,
followed by cyclization with ethanolic NaOH.at 60°C. NR analysis of the
distillate (after fractionation three times through a 12-inch colum)
indicated that the product was primarily unreacted N-propargylaniline
(78% recovery). This reaction needs to be rerun under more vigorous
alkylation conditions. The hindered nature of the secondary amine
apparently accounts for the difficulty of formation.

2. Proparrvloxydiamines

Bis(2-propargyloxy-5-nitrophenyl)methane

(EHzC-:'-' C}?; Q 'IZCE CH

L 0
This cowpound, m.p. 208-—21.%0(}, was prep?ired from p-nitrophenol and

formaldehyde solution in HQSOQ followed by alkylation of the resulting
bisphenol with propargyl bromide-potassium carbonate in acetone in 79%
yield (based on the bisphenol).

Bis (2-propargyloxy=-5-aminophenyl)methane

Three attempts have been made to prepare this compound from the

OCHZCECH CH,C=CH

O
N, 1,

corresponding dinitro derivative” (above). The first attempted hydrogenation
in THF using 5% Ruthenium on alumina at room temperature for 8 hours
resulted in no hydrogen uptake and recovery of the starting material.

A second hydrogenation attempt was made with the same catalyst in
benzene for 11 hours at 46-49°C and resulted in a 37% of theoretical
uptake of hydrogen and a 647 recovery of starting dinitro substrate. No
product could be isolated, and the remaining 367 of substrate could not
be accounted for.

A third hydrogenation using the same catalyst in toluene was made;
only a small amount of hydrogen was consumed at 71°C in 5 hours. A 43%
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recovery of starting material was made. The remaining black solid
dispersed in a colorless oil could not be crystallized., Infrared analysis
of this material showed the presence of no acetylene or amine groups.
However, nitro and ether groups were still present. This material did not
melt below 2600(3, which probably indicates polymer formation.

We did not try conventional hydrogenation catalysts such as Pt or Pd
on carbon, due to their previoulsy denonstrated non selectivity in reducing
both nitro and acetylene groups in a molecule. One additional hydrogenation
is planned at 55-60°C, followed by extraction of any amine into dilute
HCL, as was successfully used to remove 4-aminophenyl propargyl ether from
starting material in a previous section. A ferrous sulfate reduction
may also be attampted.

PRI

OCH, C2= CH

00
NOz

The starting dinitro subsm['\g)t?c, 4-nitro-2- CAanitrolx>nzyl)plﬂenc)l, wis
prepared by condensing p-nitrophenol with p-nitrobenzyl alcohol in conc.
HQSOM Four attempts to alkylate this phenol with propargyl bromide and
potassium carbonate in acetone have been made, and unreacted starting
material has been isolated in each case. Another reaction is presently
being run using higher boiling 2-butanone as the solvent.

3. Miscellaneous Propargyl Compounds

Pvivlysis Study of Phenyl Propargyl Ether

Several compounds that contain propargyl groups are known to undergo
some kind of thermoset reaction; this reaction has been found by DSC
to reach a maximum rate between 250-325°C. Volatiles are evolved during
the cure. In an attempt to understand what compounds may be forming
during pvrolysis, a sample of phenyl proparaeyl ether was heated with air
one hour at 230-310°C in a sealed glass tube, The resulting tan oil
showed at least three GLC peaks when chromatographed on a SE-30 colum
(ZZSQC ). One of these peaks was the starting material.
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Two additional samples of this compound were sealed in vacuo in
glass tubes and heated separately at 275°C in a silicone oil bath.
After approximately three minutes, each sample exploded from excessive
pressure build-up.

Tripropargyl-s-trizzine-2,4,6(1H, 3H, 5H)trione
This model campound was prepared. by alkylating cyanuric chloride
C'IHZCE CH
03 0

HC= (XIHZ- -CHZCECH
1

with propargyl alcohol and potassiu(% carbonate in refluxing acetone.
An analytical sample was examined by DSC and showed a strong exotherm

maximm at 251°C.
N,N'-Dipropargyl-4,4'-bis (3,4-dicarboxyphenoxy) diphenylsulfidediimide

e 10O 0L O

Three attempts have been made to prepare this compound from the
dianhydride and two moles of propargyl amine in refluxing glacial

o

\N-CH c=cH
v
\

Q=0 @]

acetic acid. In each case a compound, m.p. 105-108°C (air dried),

was initially isolated. After vacuum drying three hours at 87°C, the
melting point fell to 92-98°C. Recrystallization fram various solvent
pairs led to further reduction and broadening of the melting point. The
infrared(KBr) and NMR spectra showed the presence of the propargyl
group. This infrared also showed strong imide absorption (1784 and 1716,
doublet) and 1401 cm—l. The infrared spectrum of the product was
significantly different froin that of the starting dianhydride.

A second method involved the attempted alkylation of the diphthalimide
(prepared from the dianhydride and urea) with propargyl bromide-KOH in
alcohol, and this.also failed to give the desired product,
N-Propargyl-2-pyrrolidinone

-

|
CH.ZC:.-; CH

Five attempts were made to prepare this compound for use as a
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reactive solvent in polyimide synthesis. The initial attempts were meude
by treating 2-pvrrolidinone with KH in methanol, azeotropically removing
the water, and alkylation of the resulting anion with propargyl bromide
However, based on a lit,eratm:el %alue of refractive index, a yroduct of
only approximately 79 purity was the best that could be achieved. The
2-pvrrolidinone dimpurity could not be removed by fractional distillation
through a 12-incly glass colum,

One additional attenpt was made to prepare this compound by treating
2-pyrrolidinene with NaH in mineral oil, followed by alkylation with the
propargyl bromide. However, the crude product (a red oil) polymerized
to a rubbery solid on attempted distillation.

C. Compounds for Mutagenic Testing

Several aromatic amines and diamines are known to be chamical
carcinogens.  Beeause of Langlev's exverience in the svnthesis
and polymerization of isomerie aromatic amines, they have undertaken
a systomtic study to assess the mutagenicity (and hence possible careino-
penicity) of several series of aromatic diamines.

We were askedto prepare small samples of five diamines for this study.
Ter date, four of these compounds have been prepared and submitted. They
are 2,3"-diaminobimzophenone, 2,3'-diaminodiphenyl sulfone, 3,4'-diamino-
diphenyl sulfone, and 2,4'-diaminodiphenvlamine. This last compound was
found to be unstable, hence the preparation of a larger sample is pending.
The synthesis of the final compound, 2,2'-diaminodiphenyl sulfone, is
in progress.

Because of obvious potential hazard in working with this group of
compounds, we have tried to maintain adequate exposure safety precautions.
Such precautions have included working in the hood with these materials
(or their precursors) whenever possible, wearing of protective clothing
and gloves, and adefuate wash-up with strong detergent on leaving the
laboratory.

2, 3" -Diaminobenzophenone

As outlined below this compound was prepared with difficulty using

-

procedures similar to those of Gager and Stump,™ Because of problems with
low yields, difficulties in purification, and expense of the starting
o-nitrobenzyl schloride, each step in this reaction sequence required

a nuber of small-scale reactions before scale-up was attempted.,
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The first step involved the Friedel-Crafts alkylation of o-nitro-
benzyl chloride and benzene to form o-nitrodiphenylmethane. This material
could not be adequately purified by distillation; the impure pale orange
distillate was collected and subjected to a chromium trioxide oxidation to
form o-nitrobenzophenone, This material could then be recrystallized slowly
from benzene. The direct preparation of this campound from o-nitro-
benzoyl chloride and benzene (Friedel-Crafts) led to an oily solid
which could not be recrystallized.

Nitration was then conducted using a large excess of 907 fuming
HNO; in cone. 1~12804L at -4°C. The resulting 2, 3" -dinitrobenzophenone

was contaminated with higher melting by-products, probably the 2,2'- and

2,4'-dinitrobenzophenone isomers. Colum chromatography on silica,
although helpful, did not remove all imprrities. Several recrystallizations
from toluene appeared most satisfactory, giving a product which was
approximately 967 pure as determined by HFIC.

Hydrogenation of 2,3'-dinitrobenzophenone with 5% Pd on Carbon
gave the product, 2,3'-diaminobenzophenone, which showed a strong
tendency to oil out of several solvents. A fine, pale yellow powder
finally crystallized from a dilute solution of cyclohexane. On further
standing for up to a week, this yellow powder was converted to off -
white needles. Both crystalline forms had essentially the same melting point.
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£,3-Diaminodiphenyl Sulfone
This material s prepared according to the procedure of Raker,
Radish, and Qnerrv a.s outlined below,

HE ‘30 Na NO,
2 Cdrbmtol A 80, Mixed acid
, i ) o>
- ‘35 60"C

SO;_ NOZ l.Sn(31,2 21120 302 NH,,
cone, HCl, A

2 .NaOl1
The sodium salt of benzenesulfinie acid was condensed with o-chloronitro-

benzene in "Carbitol' (a high boiling ether of ethvlene glveol) wnder a
nitrogen atmosphere for 15 hours at 177°G.  Considerable decomposition
accompanied this reaction,and sublimation of the product was required

to remove the dark brown color, The 2-nitrodiphenyl sulfone was nitrated
with mixed acid at 557C to 2,3"-dinitrodiphenyl sulfone, which was then
reduced with S‘mCl? in cone. HCL and recrvsatallized from methylene chloride-
petroleun ether to the product:,

3,4 -Dizminodiphenyl Sulfone

This campound was prepared in a similar fashion as the previous
isomer. The attempted catalvtic hydrogenation of the 3,4'-dinitrodiphenyl
sulfone with either 5% Pt or Pd on carbon led to incommlete uptake of
hydrogen, probably because of catalytic poisoning by the sulfone., Stannous
chloride was used to reduce this nitro derivatvive to the diamine.

"~

2,2"-Diaminodiphenyl Sulfone

A0

The following sequence of reactions is being used to prepare this
. 4 . .
mt::m:ml? *:'}5" date only the first reaction has heen run on a small scale.

T 1
SH NO 2
+ O 2 N in Methanol ©/
o e PR PR 0 e e ..>.
NHAc i
1. Aey0 0, L. 60% H,50,, A 2

BT i it e et 5

2. SnCl,-HCL, A

2. H,0, in HOAc, A

. syt
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A dispersion of Nal in mineral oil was used to form the sodium 2-amino-
thiophenoxide; this anion was then used to nucleophilically displace the
chlorine in o-chloronitrobenzene to form the sulfide. A 787 vield of

2-amino-2'-nitrodiphenyl sulfide, m.p. 82-8400, has been isolated, The

literature reports m.p. 85°c. 14

2,4 -Diaminodiphenylamine
The synthesis of this monomer is outlined below. A 56 gram sample of

Ac
% Ny N

NH-Ph Ac,0, 7nCl,, A HNO, (90% fuming) ,
> H,50;, >

aq. NaOH, ethanol
@ > @
3% Pt or Pd on G, @’N”
: N,

2
2,4 ~dinitrodiphenylamine ha; been prepared without difficulty. This bright

orange solid melts at 223-224°¢, Catalvtic hydrogenation of this material
with 5% Pt or Pd on carbon has been accamplished several times to afford
off-white crystals of product. The best melting point achieved has been
53-54.5°C, Unfortunately, this material rapidly decomposes at room temperature
on exposure to air, After storing for several days in a screw top vial,

the original light pink solid had tumed purple. After one or two weeks

the sample had turned black and had begun to become oily in nature. After
several weeks only a black oil remained. Dr. Bell is currently determining

if this diamine can be used as prepared or if the dihvdrochloride salt,

|
)
|
]
|

S TS -

a known compound, can be tested.
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V. EXPERIMENTAL

A. Glvcidyl Amine Derivatives

1. Quantitative Determination of the Epoxy Content

The following example illustrates the determination of the epoxy
content of N,N-diglycidylaniline. A standard pyridine hydrochloride
in pyridine solution was prepared by adding 16.0 ml of corc. HCl to a
1 liter flask and diluting with 9% pyridine to volume. ‘The normality
of this solution was found to be 0.1821 N by titration with standard NaOH
solution to a phenolphthalein end point.

To a 0.96 g sample of N,N-diglycidylaniline was added 50 ml of the
standard pyriding hydrcchloride solution; the mixture was dissolved and
then glowly refluxed for twenty minutes on the hot plate. After couling
300 ml of diionized water and 10 drops of phenolphthalein solution was
added. The solution was titrated to the first permanent pink color with
0.09375 N NaOH solution. A total volume of 4.8 ml of base was required.
The pink color faded rather quickly due to reaction of the NaOH with 002

in the atmosphere. 'The calculations for the epoxy content were as follows:

0.96 0.09375 ( 4.8 ) 0.1821 ( 50 )
—_— = —
eq. Wt. 1000 1000
eq. wt. = 110.9 g/eq.

205.3/2 (100 )

O

110.9

Epoxy Content

it

92.5%

The low epoxy content was expected, as the method is knovn to give
low results .Lq'al'n addition the substrate may not have been 100% mue.
The N,N-diglycidvlaniline used had been prepared a year ago and recently
redistilled, b.p, 138-141.5° (0.40 mm), na> 1.5649. The lirerature
reports b.p. 130-133° (0.40 mm) 16




N,N-Diglvcidylaniline

A mixture of redistilled aniline (10.0 g, 0.107 mol) and epichloro-
hydrin (39.7 g, 0.429 mol, a 1007excess) vas stirred at room temperature
for 5 days. The pale yellow solution was rapidly mixed with 25.7 g of
50% aq. NaOH solution ( a 50% excess) and 25 ml ethancl., A 15°C exotherm
was noted. This mixture was refluxed for 4.25 hours. 'the volatiles were

removed in vacuw and the resulting oil was dissolved in benzene and extracted
with water four timec. The benzene laver was dried with anhydrous MgS0,

and the benzene was removed in vacuo. Two distillations (once through a
6-inch Vigreux colum) gave the product, b.p. 131° (0.20 mm), nlz)7 1.5615.
The yield after one distillation was 15.9 g (727%). The literature reports
b.p, 130-133° (0.4 mm), 36% yield.

2. Glvcidvl Sulfones, Methanes, and Carbonates
3,3’ -Sulfonylbis (N,N-bis (2, 3-epoxypropyl Yaniline

The procedure of Reinking™ was essentially followed to prepare this
compound.  3,3'-sulfonyldianiline (10¢' g, 0.40 mol) and epichlorolhydrin
(628 g, 6.8 mol) were stirred in a three-neck, 3-liter flask equipped with
a Trubore stirrer. Ethanol (520 ml) and water (80 ml) were added, and
the contents was heated for four hours at 80°C. The tamperature was reduced
to 60°C and 160 g of 50% aqueous NaOH was added dropwise over a 3.5-hour
period. After removal of a small amount of white polvmer which formed during
this cyclization step, the volatiles were iemoved on the evaporator and
the resulting oil was di.ssolved in methylene chloride, washed four times
with water, and dried over anhydrous MgSO,. All volatiles were then
rawved for several hours on the evaporator at a temperature of up to
70°C , then 1.5 hours at 98°C until bubble formation ceased. On cooling
the liquid solidified to a pale red,resinous material. The yield was
190.6 g (82%). The epoxy content was determined in duplicate and found
to be 56.0 and 51.5%.

4,4 - 1fonylbis(N,N-bis(2, 3-epoxypropyl)) aniline

A 162 g (85% yield) of this compound was similarly prepared and
submitted to langley. The epoxy content was 40%. In a modified provedure

(21 hrs., 100°C in acetic acid) the epoxy content was 48.7 and 50,5% (av. 50%).

3,4'-Dinitrodiphenyl Carbonate
The reaction of p-nitrophenyl chloroformate (2.0 g, 0.010 mol) with
m-nitrophenol (1.39 g, 0.010 mol) in a blender containing 25 ml of

N L mn ube B TR, e e 