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ABSTRACT

Preparation of poly(organonitriles) via a ring opening
polymerization of triazine monomers is not a viable approach.
A variety of substituted triazines were screened using
metallic and nonmetallic catalysts at elevated temperatures.

Preparation of poly(organonitriles) via anionic polymeri-
zation of organic cyanates can be controlled to produce
linear low molecular weight products. Aryl cyanates were
easily synthesized whereas CF3CH20C=N could not be satis-
factorily prepared. Both cyanate and catalyst structures
are important in determining product composition. Preferred
systems comprise using a hindered aryl cyanate monomer and a
hindered alkali aryloxide catalyst. The organic ligands of
the resulting product can be easily exchanged with trifluoro-
ethoxy groups by reaction with CF3CH,ONa.
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POLY (ORGANONITRILES)

1.0 OBJECTIVES

Preparation of high molecular weight poly(organonitriles),
4 (RO)C=N$,,, where R may be selected from a variety of organic
ligands. A secondary objective would comprise determining
the effects of polymer structure on physical and chemical
properties.

2.0 INTRODUCTION AND BACKGROUND

Poly (organonitriles) are of interest because they are
potentially relatively inexpensive and should display excel-
lent thermal and chemical resistance. Remarkable stability
has been demonstrated by poly(benzonitrile) [Ref. 1]. Prepa-
ration and characterization of linear poly(organonitriles) of
structures ¢ (R)C=N}, and {(RO)C=N}, has been very limited
to date and no preparation of high molecular weight species
has been disclosed.

A variety of drastic (very high temperatures in the
presence of large amounts of acidic catalyst) or impractical
methods have been employed to prepare a very limited number
of poly(organonitriles). These have included polymerization
of a 2,4,6-trisubstituted-s-triazine or benzonitrile [Refs.
2-4], Co%0 irradiation of a dilute (0.1-1.5%) aqueous solu-
tion of benzonitrile [Ref. 5], and lastly, the acid rearrange-
ment of the relatively unavailable polyisocyanides {C(:NR)#$,
[Ref. 6].

The major approach investigated for the preparation of
poly (organonitriles) under Contract No. N00014-75-C-0991
during the period January-October 1976 [Ref. 7] involved a
ring opening polymerization of a halotriazine with subsequent
ligand exchange of reactive halogens as shown in Equation (1).

RONa
—¢ = N}

n -NaX bR n (1)

(XCN) 3 -a? —{——i = N——

where X equals Cl, Br, and 1-2 halogen atoms
in monomer may be replaced by a monovalent
organic radical R.




Preparation of +(C1)C=N}, is claimed to have been pre-
pared from cyanuric chloride by catalytic polymerization at
2300°C [Ref. 8] or by Co%0 irradiation in the solid state
[Refs. 9, 10]. However, both these methods do not readily
lend themselves to routine preparation of research quantities
of polymer.

The synthetic scheme in Equation (1) is analogous to one
used for the preparation of poly(organophosphazene) (phos-
phorus-nitrogen polymers) plastics and elastomers of structure
[(RO) (R'O)PN], (where R may be identical to R') from the
cyclic monomer (ClyPN)3. Horizons has conducted successful
work on poly (organophosphazenes) for many years and this work
has included fundamental polymerization studies, extensive
synthesis, characterization, structure-property relationship
studies, compounding and crosslinking, and determination of
physico-mechanical properties of the vulcanizates [Refs. 11-18].
All this experience is expected to transfer over to poly(organo-
nitrile) technology. Thus a large variety of polymers should
be derivable from [CICN], polymer or derivatives thereof.

Work described in the earlier Technical Report [Ref. 7]
under Contract N00014-75-C~0991 is summarized below:

(1) Attempts to polymerize (ClCN)3 catalytically in
solution or with radiation in the solid state
were unsuccessful. A variety of catalysts such
as (CH3SO3Hg) 20, CH3S03H, TiCly, KBF,4, 4-phenyl-
pyridine, CF3SO3Na/4-phenylpyridine were tried
at 205-208°C.

(2) Attempted polymerization of novel bromo-chloro-
s-triazine mixture in polychlorinated benzene
solvents led, at best, to low yields of product
with very low solution viscosity. Pyridine,
triphenylphosphorus, CF3S03Ag, (CyHg)2AlCl in
addition to most of the above were screened for
catalytic activity at 230-235°C. Significant
sublimation of monomer and/or solvent was a
constant problem in trying to achieve high
reaction temperatures.

(3) Attempted polymerization of novel chloro-
trifluoroethoxy-s-triazines led to major
degradation with nucleophilic catalysts
(4-phenylpyridine, triphenylphosphorus) or
with their onium salts. Tris(trifluoroethoxy)-
s-triazine is relatively inert to nucleophiles
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but isomerizes when heated with certain acidic
reagents. The chloro-trifluoroethoxy-triazine
monomers were readily prepared in good yield
by reaction of lithium trifluoroethoxide with
(CICN) 3.

(4) 2,4-Dichloro-6-phenyl-s-triazine did not
polymerize in bulk with either acidic or basic
catalyst at 235°C.

Attempted polymerization of bromo-chloro-triazine mixture
was also studied from November 1976 to February 1977, but this
work will be discussed in Section 3.1.

An alternate approach to the preparation of poly(organo-
nitriles), 4(RO)C=N},, from readily available material is
shown in Equation (2?:

n ROCEN ~ —Cat.,  fc=N} (2)
(1)

The cyanates (I) are known materials and are readily prepared
[Ref. 19] by reaction of cyanogen chloride and an alcohol

(or phenol) using a tertiary amine as acid acceptor as shown
in Equation (3):

1]
C1-C=N + ROH —R—Hg-i-‘-»- I (3)

In order to develop poly(organonitrile) technology to
its fullest potential, two important conditions must be
attainable; i.e., molecular weight control and molecular
structure control. One approach to control structure, other
than copolymerization, is to exchange organic ligands as

shown in Equation (4):
>~ £ = N++ ArONa (4)
3

—E-'c = N}— + CF3CH,ONa
OAr OCH,CF

This type of exchange is known for both aryloxy substituted
s-triazines [Ref. 20] and phosphazenes [Ref. 21].




One major problem in the attempted polymerization of
organic cyanates, such as phenyl cyanate, is the ease of
cyclic trimerization to afford a 2,4,6-trisubstituted-s-
triazine. The trimerization of phenyl cyanate by mineral
acids, Lewis acids (AlCl3, ZnCljy), and bases (CH3ONa, CH3CO2Na,
(Bu) 3P, (C2H5)3N) has been reported [Refs. 19, 22, 23].
Potential termination side reactions due to trimerization
and nitrile formation, at least by anionic initiation, are
shown in Equation (5).

ROC==N

Anionic| Cat. . \r/ \7/

for n=1 _» N_ N
X
\/C=N—E3=N}—'¢= / Y (5)

R OR
}e,\ X
/C=N—EgR= N-}—CEN

RO

where X is derived from catalyst

x® ana may be identical to ROe

S

A back-biting termination for n>1 would generate RO  and

produce a triazine terminated poly(organonitrile).

It appeared possible that a study of monomer and catalyst
structure and polymerization conditions could identify
reaction variables which would optimize the linear polymeriza-
tion reaction. Therefore, the major part of work on this pro-
gram was devoted to the preparation of several known cyanates
and attempts to polymerize them.




3.0 RESULTS AND DISCUSSION

3.1 Attempted Polymerization of Trihalotriazines

Highlights of this phase are:

(1) Further attempts to control sublimation in the

: nucleophilic polymerization of bromo-chloro-

4 triazine mixtures were unsuccessful using phos-

, phorus halides, polyhaloheterocycles, a perfluori-
i nated tertiary amine, and mixtures thereof.

-

(2) Attempted polymerization of bromo-chloro-triazine
mixture with potassium thiocyanate led to forma-
tion of a highly colored, largely insoluble
solid.

{
(3) Attempted sealed tube polymerization led to tube }
explosion. !

mixture with pyridine catalyst (1% on triazines) was studied.
This mixture which is rich in 2,4-dibromo-6-chloro-s-triazine

i and contains significant amounts of mono-bromo-dichloro-triazine

ff and tribromotriazine was prepared from (ClCN)j3 and PBrj3 as

f described earlier [Ref. 7]. Pentachlorobenzene (ca. 40% of
reaction mixture) was used as major solvent and selected

H materials were screened as minor solvent (ca. 10% of reaction

i mixture) for sublimation control. O0il bath temperatures of

i about 235°C were employed. Minor solvents tested and found

‘1 ineffective for sublimation control were PBr3, POBrj3
(generated Brj) perfluoro(tri-n-butylamine) (PTBA), 1,3,5-tri-
chlorobenzene with/without (w/wo) PTBA, 2,4-dichloropyrimidine-

; w/wo-PTBA, 1,1-difluoro-1,2,2,3,3,3~-hexachloropropane-w/wo-

! 2,4,6-trichloropyrimidine, 2,4-dichloropyrimidine-2,4,6-tri-
chloropyrimidine, 2,4-dichloro-6-hexafluoroisopropoxy-s-
triazine-w/wo-PTBA. One observation appeared particularly
noteworthy. Significant viscosity increase was observed
1 hour after POBrj had been added to a run which had
previously been heated 22 hours with PBr3. This phenomenon
is not understood at this time. The resulting product
(13% yield) was insoluble in N-methylpyrrolidinone.

/|

]

| . h P

! The attempted polymerization of a bromo-chloro-triazine
i

|

1

Hexakis (thiocyanato)cyclotriphosphazene is reported
[Refs. 24, 25] to polymerize at about 150°C, whereas the
hexachloro analog (Cl7PN) 3 requires temperatures of about

giocyanate was found to be a catalyst

250°C. Since potassium t

i




for the solution polymerization of (Cl,PN), [Ref. 26], it
seemed appropriate to examine it as a cataiyst for halotriazine
polymerization. Polymerization was attempted with KNCS (20 wt.
% on monomer) using pentachlorobenzene-1,3,5-trichlorobenzene
(4w/1lw) solvent. The mixture was prereacted, hopefully to
effect ligand exchange, 6 hours at 190°C followed by heating

1 day in a bath at 235°C. The reaction progressively darkened,
evolved Brj, and produced a gas chromatographic component
after pentachlorobenzene. A brown solid, presumably admixed
with potassium salts and free of triazine and solvent, was
isolated. Extraction with N-methylpyrrolidinone led to swel-
ling and partial solubilization. Reaction of the extracted
products with sodium trifluoroethoxide gave solids which did
not melt to 300°C and which showed no significant infrared
absorption.

An attempted vacuum sealed tube polymerization of halo-
triazine mixture in pentachlorobenzene (50%) solvent with
pyridine (3% on triazine) catalyst led to bursting of the
tube after about 26 hours in a bath at 250°C.

3.2 Attempted Preparation of Poly(organonitriles)
Via Organic Cyanates

Highlights of this phase are:

(1) Preparation of research quantities of pure
CF3CH2O0CN has been unsuccessful. Its formation
and purification is complicated by addition of
CF3CH20H to desired product, and/or trimeriza-
tion to triazine, and possibly rearrangement
to isocyanate.

(2) The relatively stable aryl cyanates (X-ArOCN)
where X=H, 2-CH3, 2,6-di-CH3 were easily
prepared in good yields. The 2-chlorophenyl
and 2,4-dichlorophenyl cyanates were obtained
in poorer yields.

(3) The reactivity of aryl cyanates to anionic
catalysts is strongly dependent upon aryl
structure, catalyst, temperature, and the
presence of solvent. 2-Chlorophenyl cyanate
appears to be the most reactive cyanate
studied.
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(4) Polymerization of 2-chlorophenyl cyanate
¥ generally affords varying amounts of amor-

. phous solid and oil whereas polymerization
of 2-cresyl cyanate affords varying amounts
of crystalline and amorphous solids. Product
distribution in both instances is dependent
upon catalyst, temperature, and solvent.

(5) The major hydrocarbon-insoluble fraction

obtained from 2-chlorophenyl or 2-~cresyl

_ cyanate appears to be very low molecular
g‘ weight linear polymer.

(6) A poly(aryloxynitrile) easily underwent
ligand exchange with trifluoroethoxide to §
afford poly(organonitrile) copolymer.

3.2.1 Trifluoroethyl Cyanate

| 2,2,2-Trifluoroethyl cyanate was initially chosen for

i | study. Preparation from BrCN and trifluoroethanol using a
tertiary amine acid acceptor was unsuccessful. This is in
marked contrast to results obtained using CICN starting
material [Ref. 19].

The preparation of CF3CH20CN was also attempted as
R shown in Equation (6)

CF3CHp0M + BrCN —Es. CF3CHZ0CN (6)
=MBX

M = Na, Li

St - s

Addition of sodium trifluoroethoxide to cyanogen bromide in
tetrahydrofuran (THF) at -20°C was very rapid initially bug

then greatly decelerated. Subsequent addition of (C2H5)4N Br®
assisted further reaction but did not lead to complete reaction
of BrCN. Attempted isolation of product was accompanied by

, formation of a new lower boiling component. This product may

i be isocyanate produced by acid (via BrCN) catalyzed rearrange-

: ment of CF3CHOCN. Addition of a small amount of water to the
organic mixture greatly accelerates this reaction. In one

run cyclic trimer, 2,4,6-tris(trifluoroethoxy)-s-triazine, was
obtained as a distillation residue. Gas chromatographic analysis
showed that this triazine was not formed during the reaction

R eT—— )

it




proper. Use of lithium trifluoroethoxide or LiOH-CF3CH0H
led to rapid substitution at =20°C. A clear distillable
product was obtained. Elemental and infrared analyses
confirmed the structure as (CF3CH20),C = NH. Calculated for
CsHgFgNO2: C, 26.6%; H, 2.2%; N, 6.2%, Found: C, 26.2%;

H, 2.4%; N, 6.5%.,

The formation of (CF3CH,0)2C = NH may occur in one of
two ways as shown in Equation (7):

Brg——-NO

x6 then
XG H source

X~-C=N (7)

BrC=N (X) ,C=NH

where X = CF3CH,0

Formation of by-product by base catalyzed addition of
CF3CHZ0H to CF3CHO0CN leads one to hypothesize that in the
absence of chailn termination an anionic polymerization could
produce a poly(organonitrile) as shown in Equation (8):

ro® + RoC=N —> (RO),cNO _RROCN, (RO)2C=N—~{?=N}——-$=N0 (8}
OR “n-1lgg

Therefore, it appeared worthwhile to prepare the stabler
(to heat and rearrangement to isocyanates) aryl cyanates and
to study their polymerization with anionic catalysts.

3.2.2 Aryl Cyanates

It was anticipated that the steric requirements for
trimerization and linear polyaddition of cyanates would
differ. This type of effect on reaction path has been
reported [Ref. 27] for the preparation of aryl cyanates from
sterically hindered o-substituted phenols and cyanogen
chloride. Imidocarbonates [(RO),C=NH] or triazines were not
produced, unlike the case when unhindered phenols or aliphatic
alcohols were used. Another reason why steric hindrance might
be important is that ligand exchange by catalyst on - (ArJ)C=N-
sites would be less likely to occur if the catalyst were
hindered. Therefore, a polyaddition reaction to linear polymer
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could occur by proper selection of monomer and/or catalyst.

To check this hypothesis, aryl cyanates differing in steric
requirements near the cyanate function were prepared and their
reactivity to nucleophiles differing in steric configuration

as well as basicity was investigated. Organometallic compounds
of tin and lead were also studied because several of these
compounds were reported [Ref. 28] to lead to polymerization

of dinitriles.

Phenyl, 2-cresyl and 2,6-dimethylphenyl cyanates were
prepared in good yields (45-78%) using a slightly modified
procedure of the literature [Ref. 19]. Specifically, cyanogen
bromide and the appropriate phenol were reacted at low tempera-
tures in the presence of a tertiary amine and solvent. Product
was isolated by removal of precipitated amine hydrobromide,
water washing, drying, and distillation. Following the same
procedure purified 2-chlorophenyl cyanate was not obtained.
However, workable quantities were obtained (33% yield) by
replacing the methylene chloride solvent with acetone as
originally described [Ref. 19]. 2,4-Dichlorophenyl cyanate
was obtained in lower yield and was contaminated with 2,4~
dichlorophenol.

Unless stated otherwise, all attempted cyanate polymeri-
zations were run without solvent and employed 2% catalyst
(by weight on monomer). Polymerizations were carried out in
serum capped vials containing a magnetic stirring bar. Cata-
lyst solutions were introduced using a hypodermic needle.
Elevated temperatures discussed in this section refer to oil
bath temperatures. Products from homogeneous runs were
generally isolated by diluting the reaction mixture with a
small amount of benzene followed by precipitation with
petroleum ether or cyclohexane. The more soluble product
fraction was obtained by removal of solvents from the
precipitation liquor.

2-Cresyl cyanate rather than phenyl cyanate was

employed in initial screening studies because the cresyl
derivative showed better shelf life. The results are shown

in Table I. The importance of catalyst structure and polymeri-
zation conditions on product composition is clearly evident.
Three different solids can be formed, an amorphous solid
melting somewhere in the range 45-65°C, an unknown white
crystalline solid m.p. 101-103°C, and trimer m.p. 158-159°C.




ATTEMPTED POLYMERIZATION OF 2-CRESYL CYANATE

TABLE I ;

Run (@) Catalyst Remarks i
]
1 Significant quantity of white
<C::?_0_Na needles formed.
CH3
2 Significant viscosity increase; 12%
CH3 0-Na yield solid m.p. 50-65°C.
t-Bu

3(p) " 29% yield m.p. 45-50°C.

4 Ll Very viscous after 4 hours @ 55°C,
5% yield amorphous solid after 1
day.

5 " (0.5%) 31% yield trimer after 1 week.

®
6 " (2% Li 30% yield m.p. 85-100°C after
salt) 6 days.
CF3
7 Hq-0~Na (5%) No effect.
CF3

8 (CgHs) 3P No effect (even after overnight at
110°C).

9 (CyHg) 3N 30% yield trimer after 7 days.

10 (C4H9)an (OCH3)2 34% Yleld m.p. 99-103°C after
6 days.
11 " 51% yield m.p. 101-103°C after
i hz. at 55%C.
(a) Unless indicated otherwise, polymerizations were run on neat monomer

(b)

(2-2.4 g) at room temperature approximately 1 day using 2% catalyst.

Employed 4.8 g monomer.
introduction of catalyst.

Run became very hot and viscous shortly after
See Example 3 of Appendix I for details.

-10-
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The product isolated from the polymerization (Run 2,
Table I) of 2-cresyl cyanate and sodium-2-t-butyl-4- cresylox1de
(SBCO) was a yellow solid m.p. 50-65°C, which showed infrared
(IR) absorptions at 4.5u (possibly conjugated -CN) and 6.1y
(conjugated -C=N-) [see Figure 7], and unlike starting
material showed no gas chromatographic response. 1In contrast,
the known cyclic trimer 2,4,6-tris(2-cresyloxy)-s-triazine is
white, melts at 158-159°C, and has no IR absorptions at 4.5p
and 6.1y [See Figure 4]. Product structure is discussed in
Section 3.3.

A brief study was made to determine the effects of
solvent polarity on the polymerization of 2-cresyl cyanate.
The polar N,N-dimethylacetamide (DMAc) and non-polar n-heptane
were employed with SBCO catalyst. No obvious reaction (via
gas chromatographic analysis) was observed after several
days at room temperature with DMAc solvent, whereas heptane
afforded two immiscible layers in which white crystals pre-
dominated in the lower layer. Other catalysts studied
(several days, R.T.) in heptane and DMAc were sodium-2-cresyl-
oxide (SCO), tetrabutyl lead, dibutyl tin dimethoxide, and
copper acetylacetonate. Little or no reaction was observed
in DMAc regardless of catalyst. 1In heptane the heavy metal
catalysts led to formation of white needles, but SCO was
without effect. The white solid isolated using the tin
catalyst was the same product isolated in neat runs (10 and
11 of Table I). It melted at 101-103°C and showed IR
absorptions at 4.5p and 6.1} [see Figure 5].

Phenyl cyanate, the least hindered aryl cyanate, was
briefly studied and found to be an unviable candidate for
production of poly(organonitrile). SBCO gave a low yield of
white crystalline solid m.p. 153-156°C after 1 day at R.T.
but led to a low yield of crude trimer at 55°C. Infrared of
the solid m.p. 153-156°C showed strong absorption at 4.5u
and 6.1y and was very similar to the solid m.p. 101 - 103°C
isolated by reaction of 2-cresyl cyanate with tin catalysts.
Reaction of phenyl cyanate at R.T. with the tin compounds
(Bu)ZSn(OCH3)2, stannous octoate, and (Bu),SnO led to
extensive formation of white crystals.

The results with 2-cresyl cyanate and phenyl cyanate
indicate that steric hindrance at the cyanate function by an
ortho substituent affects product composition and might
favor a linear polyaddition reaction instead of trimerization
to triazine. The variances in physical state and melting
points of products from 2-cresyl cyanate possibly reflect
different degrees of polymerization and/or different modes

-11-




of termination. To further test the hindrance concept the
polymerization of 2-chlorophenyl cyanate was undertaken.
Mechanistically it was anticipated that the electron withdraw-
ing effect of the Cl group would make the cyanate more
reactive to anionic initiation.

The results of polymerizations with 2~chlorophenyl
cyanate are shown in Table II. Unless indicated otherwise
two product fractions were isolated, a lightly colored cyclo-
hexane insoluble amorphous solid melting over a range of 5°
to 10°C somewhere around 45° to 61°C and a relatively colorless
viscous oil. IR of the amorphous solid showed the characteris-
tic absorptions at 4.5p and 6.1y [see Figure 8] observed with
the amorphous product derived from 2-cresyl cyanate. Runs
giving good yields of amorphous solid were generally red
viscous solutions prior to workup.

Several conclusions can be drawn from these results,
namely:

(a) With the exception of the very basic tris-
amino phenolic catalyst [Run 12] hindered
phenoxide salts give approximately similar
results.

(b) Use of solvent [Run 3] dramatically alters
the course of reaction.

(c) Change of cation [Run 4] from Na to quaternary
ammonium leads to inactivity.

(d) Use of salts derived from carbon acids
(i.e. compounds with an acidic -CH site)
leads to relative inactivity [Run 13] or
dramatic change in product [Run 14].

(e) Reaction time, at least at 85°C, appears
to effect product composition [Runs 8, 9].

The results with 2-~cresyl and 2-chloro cyanates sug-
gested investigating the effects of greater hindrance and
greater electron-withdrawal at the cyanate site. To this
end 2,6-dimethylphenyl and 2,4-dichlorophenyl cyanates were
prepared. The dimethyl monomer was checked with sodium
2-t-butyl-4~cresyloxide (2%) at 55°C (24 hours) with and
without diglyme solvent and neat with sodium 2,3,5,6-tetra-
methylphenoxide (24 hrs., 55°C). The neat run with SBCO gave
a 28% yield of white solid m.p. 133-135°C and a 33% yield
of oil which showed IR absorptions at 4.5y and 6.1lu. IR of

2w




TABLE II

ATTEMPTED POLYMERIZATION OF 2-CHLOROPHENYL CYANATE

Run (2) Catalyst, Na $ Yield Remarks
Salt of HX,X= Amorphous Solid(b)
1 cn3—<:::?43- 58
t-Bu
2 , 58 After 1 week at R.T.
3 " 31, m.p. 218-22°C Equal volume diglyme
(white) employed.
4 8 None Benzyl trimethyl ammon-

ium salt was employed.

5 CH /CH3 50 After 24 hours at R.T.
O~
ciz” “CHj
6 i 56
7 : 62 [npe1=1.03;

mol. wt. = 360]

8 " 33; also 19 Thick deep red grease
m.p. 170-172°C with suspended solids
(white), [npe1=1.01] after 24 hrs. at 85°C.
9 " (1 or 2%) 50-58 [nre1=1.01] After 5 hours at 85°C.
10 S-Bu 54 (gum)
O-
s—Bu
=13=




TABLE II (continued)
ATTEMPTED POLYMERIZATION OF 2-CHLOROPHENYL CYANATE

Run (@) Catalyst, Na % Yield (b) Remarks
Salt of HX,X= Amorphous Solid
11 Ji-Pr 40 [npe1=1.01]
;;Pr

CH,N (CH3) »

12 (CH3) pNCH» o- 81 (white) Set up hard.
CH3N (CH3) 2
®
13 (C2H50C)2C— 9, m.p. 65-75°C (white)
H
(0]

14 (CN) (t-BuOC)C- 65, m.p. 135-145°C Reaction full of

H : fine solids.

(a) Unless indicated otherwise, polymerizations were run neat at 55°C
(oil bath) for 24 hours using 2% sodium salt catalyst.

(b) Relative solution viscosities were run in tetrahydrofuran at 30.5°C
using a concentration of 0.1 g/10 ml. Molecular wt. was via vapor
phase osmometry in acetone.




the crystalline product was similar to the white crystalline
s0lid m.p. 101°C derived from 2-cresyl cyanate. The solvent
based run and tetramethylphenoxide run showed inactivity.
2,4-Dichlorophenyl cyanate was screened with sodium 2,3,5,6-
tetramethylphenoxide at 55°C (24 hours). A small amount of
diglyme (0.5 ml per 4 g cyanate) was employed to liquefy the
solid monomer. Three product fractions were isolated, a
benzene-cyclohexane insoluble solid (11%) m.p. 40°-50°C, a
cyclohexane-petroleum ether insoluble solid (5%) m.p. 60-70°C
and a high yield of gum which contained no starting material.
There was insufficient time to permit further characterization.

Lastly to rule out the possibility of a radical
initiated polymerization 2-chlorophenyl cyanate was heated
with o,a'-azobisisobutyronitrile (2%) for 20 hours at 75°C.
This resulted in triazine and unreacted monomer.

3.3 Product Structure

As discussed earlier, several products result from the
anionic catalyzed polymerization of aryl cyanates. Structure
assignment of the white crystalline solids will be discussed
first because they are either known compounds or molecularly
simple species.

Trimers, that is 2,4,6-tris(aryloxy)-s~triazines, were
isolated from phenyl, 2-cresyl and 2-chlorophenyl cyanates.
Their melting points are shown in the upper half of Table III.

Structure assignment of the 2-chloro product m.p. 170-
172°C is based on the strong similarity of its IR spectrum
[See Figure 6] with the two known triazines. The 2-chloro
product was obtained by polymerization (Run 8 of Table II)
as well as from distillation of monomer (forerun, rich in
2-chlorophenol, led upon standing to deposition of white
crystalline solid).

The unknown white crystalline solids isolated from the
aryl cyanates are shown in the bottom half of Table III.
Infrared spectra are very similar, all showing strong
absorptions at 4.5y and 6.1-6.15u. The corresponding
triazines do not show absorption in either of these regions.
These unknown solids might be aryl cyanate dimers. A dimer
structure (II) could result by catalyst (X®) addition to aryl
cyanate, followed by loss of aryloxide anion to give II1I, and
subsequent exchange of X by aryloxide anion. The last step
of this sequence might be favored because of possible relief
of strain due to steric hindrance in the intermediate III.
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ArO\\ X\\ ¥
/,C=N—CEN ’,C=N—C=N
Aro ArQ

II ITI (X = hindered aryl-
oxy radical)

Structure II is consistent with strong IR absorptions observed

at 4.5p (conjugated nitrile) and 6.1u(C=N).

The amorphous solids with approximate melting point
45-60°C isolated from 2~cresyl and 2~chlorophenyl cyanates,
respectively, are believed to be low molecular weight linear
poly (aryloxy nitriles), +(ArO)C=N},, where n is a small
integer. The consistent appearance of one or two absorption
bands at 4.5-4.6u in the infrared suggest that the polymer
may be terminated with nitrile as in structure II above.
Therefore, a probable polymer structure can be represented

by structure IV
ArO-{Fg=N{}—CEN

OAr *n

Iv

The formation of IV as shown in Scheme 1 would be similar to
the proposed formation of II except that the polyaddition
reaction has occurred to a greater extent. Structure IV is
consistent with:

(a) The observed elemental analyses [see examples
3 and 4 of the Appendix].

(b) The IR absorptions at 4.5u-4.6u (C=N) and
6.1y (C=N). [See Figures 7 and 8 and compare
with Figure 1-4 and 6.]

(c) Differences in physical form and melting point
would be expected for product containing dif-
ferent degrees of polymerization.

(d) NMR spectrum is completely different from

monomer or triazine NMR spectra [see Figures
10 to 12].
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(e) A rapid exchange reaction with trifluoro-
ethoxide anion [see Section 3.4].

The above observations are inconsistent with a triazine termi-
nated polymer. With respect to the IR absorptions, the new
absorptions at 4.5p and at about 6.1y when dinitriles were
polymerized were both assigned to conjugated -C=N- bonds

[Ref. 28]. 1In addition, polymerization of 2,4,6-(RO)3-s-triazines
gave products which showed an infrared absorptlon, a851gned

to -C=N-, at 6.1y [Ref. 2].

Initiation: X9 + ArocsN —> B

ArO’,

c=n®

. X\ 0 C]
Propagation: C=N" + nArOCN —> X 8=N;t-C=N
: e
Aro Jn d
Ar

-
Termination: X—-EC=NE¥—C=NO —_— X—{}C=N;£:CEN + ArOO
d n 2 d
Arxr Axr Ar

Exchange:
C=N C:N -ﬁArO—EC—N}—C—
ArO/ j E }
Ar

where X© = hindered aryloxide anion
Ar = hindered aryl radical

SCHEME 1

PROPOSED ANIONIC POLYMERIZATION MECHANISM OF
ARYL CYANATES




1
f
i
i

!
1

3.4 Substitution Reactions of Poly(organonitriles)

An attractive feature of poly(aryloxynitrile) chemistry
is their potential to be transformed into other poly(organo-
nitriles) as shown in Equation (4) of Section 2.0. To check
this capability the amorphous (m.p. 45-50°C) and crystalline
(m.p. 101-103°C) fractions obtained by polymerization of
2-cresyl cyanate were reacted at room temperature with a
solution of sodium trifluoroethoxide in tetrahydrofuran.
Aliquots were removed with time, acidified, and analyzed gas
chromatographically. In both instances 2-cresol was produced
quickly in significant quantity, highly suggestive of the
desired ligand interchange. This ligand exchange reaction
was successfully performed using the amorphous solid (m.p.
46-53°C) obtained by polymerization of 2-chlorophenyl cyanate
[Run 6 of Table II]. A good yield of an orange colored gum,
presumed to be copolymer, was obtained. Elemental fluorine
analysis was indicative of approximately 80% exchange. This
material, unlike 2,4,6-tris(trifluoroethoxy)-s-triazine, did
not show volatile component(s) via gas chromatographic
analysis (240°C). Infrared analysis [Figure 9] showed an
absorption at 8.55u characteristic of a CF3 group and proton
NMR spectrum [Figure 13] showed new strong absorptions at
4.5-5 ppm. The ligand exchange of solid m.p. 170-~172°C
isolated from polymerization of 2-chlorophenyl cyanate [Run 8
of Table II] also rapidly exchanged with trifluoroethoxide.
In conclusion, ligand exchange of poly(aryloxynitriles)
appears to be extremely facile.
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RECOMMENDATIONS

1.

Continue study of the anionic polymerization of
2-chlorophenyl cyanate using increasingly hinder-
ed aryloxide salt catalysts. Investigate effects
of catalyst concentration and polymerization
temperature on product composition and molecular
weight.

Study polymerization of other potentially inexpen-
sive aryl cyanates containing an electron-withdraw-
ing group in the ortho position.

Determine thermal and hydrolytic stability of
poly (organonitriles).

Prepare poly (trifluoroethoxy-nitrile) from
poly (aryloxynitrile) and study its thermal and
hydrolytic stability. If stability is good
determine applicability as nonflammable fluid.
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APPENDIX I

EXPERIMENTAL EXAMPLES

Example 1. Preparation of 2-Cresyl Cyanate

Under nitrogen with stirring, 2-cresol (145.8 g,
1.35 mole was added to a solution (-5°C) of cyanogen bromide
(157.2 g, 1.48 mole) in methylene chloride (450 ml) followed
by the addition of triethylamine (136.2 g, 1.35 mole) over a
1-3/4 hour period while maintaining a reaction temperature
of -5° to 0°C. Stirring was continued for one hour at
temperature. The reaction mixture was then suction filtered
to remove precipitated amine hydrobromide which was washed
with methylene chloride (50 ml). After an ice water wash and
drying over anhydrous potassium carbonate, the solvents from
the filtrate were removed at room temperature under house
vacuum to give an orange liquid. Distillation through a
Vigreaux column (12") gave 96 g of a liquid, b.p. 89°C/12 mm
{literature b.p. 87-30°C/10 mm, [Ref. 19]. Infrared spectrum
[see Figure 1] showed the characteristic -OC:=N absorption at
4.42yu.

Example 2. Preparation of 2-Chlorophenyl Cyanate

Under nitrogen while stirring, 2-chlorophenol
(115.4 g, 0.898 mole) was added to a solution (-10°C) of
cyanogen bromide (100 g, 0.943 mole) in acetone (375 ml),
followed by the addition of pyridine (71.03 g, 0.898 mole)
over a 3 hour period while maintaining a reaction temperature
of -10°C. Stirring was continued at temperature for 3 hours.
The reaction was stirred with petroleum ether (1 &) and then
the liquor was decanted from the precipitated pyridine
hydrobromide which was washed with petroleum ether (100 ml).
After an ice water wash and drying over anhydrous sodium
sulfate, the solvents were removed at room temperature
under house vacuum to give an orange liquid. This liguid
was flash distilled at 62°C/0.3 mm to give a clear distillate
(106 g) which was then redistilled through a Widman column
at 48°C/0.2 mm [Lit. b.p. 64-67°C/0.5 mm, Ref. 19] to give
73 g of clear liquid. A second distillation through the
Widman column at 48°C/0.15 mm gave 46.9 g of a clear liquid.
The infrared spectrum [see Figure 2] showed the characteris-

tic -OC=N absorption at 4.42u. Proton NMR spectrum is shown
in Figure 10.
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Example 3. Attempted Polymerization of 2-Cresyl Cyanate

Under nitrogen, a dry flask equipped with a rubber
serum stopper was charged with 2-cresyl cyanate (4 g) and 2%
by weight of sodium 2-t-butyl-4-cresyloxide (80 mg). The
catalyst used was a 15% solution in diglyme which was intro-
duced by means of a hypodermic syringe. After 10 minutes, an
exothermic reaction occurred and the contents of the flask
became very viscous. The reaction mixture was washed with
hexane and then with petroleum ether-benzene (2V/1V). The
precipitated orange gum was dissolved in benzene and precipi-
tated with petroleum ether. The product was washed with
methanol-water (2V/1V) and vacuum dried to give 1.4 g of
material that melted at 45° to 50°C. Elemental analysis
calculated for [C7H70CN],: C, 72.10%; H, 5.25%; N, 10.51%.
Found: C, 70.74%; H, 5.52%; N. 10.54%. Infrared spectrum
[see Figure 7] showed absorption at 4.51 and 6.1 microns.

The liquor from the above precipitation was
evaporated and vacuum dried to give 0.8 g of a yellow gum-like mater-
ial. The IR spectrum of this material showed many similari-
ties to the IR of the solid product above.

Example 4. Attempted Polymerization of 2-Chlorophenyl
Cyanate

Under nitrogen, a dry flask equipped with a rubber
serum stopper was charged with 2-chlorophenyl cyanate (2.6 g)
and 2% by weight of sodium 2,3,5,6-tetramethyl phenoxide
(52 mg). The catalyst was a 15% solution in diglyme. The
reaction was heated for 24 hours in an o0il bath at 55°C to
produce a very thick orange colored material. The contents
were dissolved in benzene (3 ml) and precipitated into
cyclohexane (15 ml). Upon vacuum drying the precipitate,
1.6 g of a yellow powder was obtained, which melted at 50°
to 58°C. The relative viscosity was 1.01 (0.1 g/10 ml THF,
30.5°C) and the molecular weight (vapor phase osmometry,
acetone) was 360. Elemental analysis calculated for
[C5H4C10CN]n: €, 54.7%; H, 2.6%; €1, 23.1%. Found: €, 55.8%;
H, 3.7%; Cl, 20.0%. Infrared spectrum [see Figure 8] showed
absorptions at 4.51 and 6.1 microns. Proton NMR spectrum is
shown in Figure 12.

The liquor from the above precipitation was
evaporated and vacuum dried to afford 1.1 g of a pale yellow
gum. The IR spectrum of this material showed many similari-
ties to the IR of the solid product above.
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Example 5. Interchange of Poly(2-Chlorophenoxy nitrile)
with Sodium Trifluoroethoxide

Sodium trifluoroethoxide (1.7 g, 0.014 mole in
10 ml tetrahydrofuran)} was charged under nitrogen with stir-
ring to a flask (0°C) containing the orange solid (1.4 g)
m.p. 46-53°C obtained from Run 6 [see Table II]. The reaction
was stirred at room temperature for 6 hours. Gas chroma-
tographic analysis of aliquots (neutralized with acetic acid)
indicated the reaction to be essentially instantaneous.
2-Chlorophenol content was essentially identical in "0", 1,
and 6 hour samples. The reaction mixture was neutralized
with 1 ml of acetic acid and then extracted with 10 ml of
benzene. Removal of benzene and vacuum drying at 60°C
afforded an orange colored gum (0.75 g). The infrared
spectrum [see Figure 9] was complex and showed a single peak
at 4.6y (starting material showed a peak at 4.5p and a strong
shoulder at 4.6y) in addition to a strong band at 8.55u
characteristic of -CF3 absorption. Proton NMR spectrum is
shown in Figure 13. The strong appearance of peaks at
4.5-5 ppm is attributed to CF3CH,0- protons. Proton
absorptions at 2-2.4, 3.3-3.6, and 7-7.3 ppm are attributed
to 2-ClCgH40- (compare with starting material, Figure 12).
Elemental analysis calculated for [CF3CH,OCN]nh: C, 28.8%;
H, 1.6%; F, 45.6%. Found: C, 37.44%; H, 2.75%; F, 36.5%.
Calculated for 80% replacement of 2-ClCgH4O0 by CF3CH0:
C, 33.9%; H, 1.8%; F, 36.5%.

o




APPENDIX II

INFRARED AND PROTON NUCLEAR MAGNETIC RESONANCE SPECTRA

Infrared spectra were run neat or as Nujol mulls using
a Perkin-Elmer Model 457 infrared spectrophotometer. Proton
NMR spectra were run in CDCl3 solvent using either a Varian
Model EM360A NMR spectrpphotometer [Figures 10, 1l1] or a
JEOL Model JNM-FX600 NMR spectrophotometer [Figures 12, 13].
Tetramethylsilane was used as reference for the NMR spectra.




o3vuri) TAsdaD-z JO umalzoads ¥4I 1

2anbtyg

(i WD) 438WNNIAVM

0081

kwD) AJBNNN:
000€

3

T
r

R D Ceosk S e Speee

—eq—

e s

2 SRR IRRS Y 2

e

i
i
Hiat Y
283001 !
i i
‘ i
t 1 i
i i
H !
e |
AT
111
it
R M
4 H |
HinTHT
i tustaRat!
[EEE TN T
i

e e e e e S e

e e e

o ey

e e e



e3eued) TAusydoaoTuyp-z 3Jo wunxidoads ¥YI °z o2anbtg

(i WD) d38WNNIAVM T WD ¥38ViNNG
000!
m Fad

£

=

X

g

mt
il
Ly TET
Hit
1B
4
it
B {
T
il
it

11 11 _,,
it :_~ :
NS i k]
: SRRk EE!
EIRUCEEES IR
il
lfﬁl i ..
-+ v

T

' .10 4
At iad
et
1
vy o

PO 90 s chagd VN €2 § WY SR

Gy




TofnN 3o wnijoads ¥I

¢ 2anbtg

(i WD) 3J8WNNIAVM

(i WD) 336WNN.

0021 009)
L »

i

¥ L+ H

| i

@ t

{2828

i !

i m

i T
ki
i

10
2
= s = 7

-
juw _ T !
! i i
{ BEH
: e ssi st b
1 L
I § i m Hil i
t 3T it
] aBy 1
t R 1 ¢ t nt
--—-— 1) g ) L L]
oL SNOIDIW

27



(TTnu TolnN)

QuUTZeTI3-S- (AXOTASDID

Z)STaL

9

4

p‘z 30 wnx3dads ¥I

*y @2anb1g

(i WO 438WNN3AVA

T

00zl

D S Gate

=i
cl S e S S s

3Rk i
e Pt

(2 =

28



(TTnw TolnN)
93euei) TASdID-Z WOIXI D,£0T-TOT °d'W PTITOS

JO wnx3oads ¥I

G 2anbtg

(i WD) 438WNNIAYM

{ WD) ¥38WNN

0021

|

S e

D -

1
T

Sl SRS Saiw

29



auTZeTI}

£ (TTnw TolnN)
-S- (AxouaydoxoTyo-z) STIL-9‘'p‘z FOo wunazoads ¥YI °*9 =2anbtg

(c WD) 4IBWNNIAVM ; ) T (Wi 23awWnN:

00ZL

30




[rmpe————

(TTou tolnN)
93eurL) TAs21D-z woxy xawdh1od JOo unazoadg ¥YI °L 2Inbrd

N [ Wo) S30WNNIAVAA (- WD) A36vINN

000¢,
1

1

3




(uot3antos C1HCHD woxy)
o3euei)y TAusydoaoTyd-z woxF IawATod JO wnx3zoads ¥YyI °8 2Inbtg

(- WD) 328WNINIAVM (i WD) 338WNN

‘\.‘_ —

—

=

P ] et e S

RMBRARENAY | 2018 ! ! : 288
T Z.A 4 5 - = T r ; . ~ : 1 . - T - T __ »_
pllas s i = Ay S )1 b e (RN SR R 9 o eren - SNOUDIW




A tN=0 (0%uo€aD) 1¥4N=0 (0VHIDTD) }

‘zowd1odo) (8T1Tx3TU)ATO0gd JO wnx3zoads ¥YI

WD) 3GWNNIAVM

‘6 9Inbtg

(i WD) 838WnN

—

] 2

—— e
et

T

i

S5 (=] Sciee

SIS SS R S

s
=
il
=
|

S VIR

.

e N S ==

e T TN e

33



4 a3eued) TAusydoxoTyd-z Fo wnx3zoads YWN uolzoxd °*QT 2anbtg




d

s Lol

QUTZRTI}-S~ (AxouaydoIoTyd-z)STAL-9'p‘Z JO unx3zoads YWN uolzoxd

T 4 € 14 S 9

S Y AT N AN NI NS e 2 e SPAANNIAR S NS I NSININSE g NN s B N g N :\<.L‘

1

—

e rereiiper

L

.*'Ylf.TY?qxq. —l. ==ty

\

/

*IT @anb1g

8
f

T AN SIS S It o gt T A

35




23euel) TAusaydoioTyp-z woxy IawATod JOo wunx3zdeds YWN uoljoxd “ZT 92Inbtg

-~
+

i

sy
e e
PR




R S

e e < S

e AR

»
i

<rg i 2

K gn=0 (0ZHDEdD) $¥¢N=0 (0YHIDTO) + ‘IowAT0dOD
(9T1Tx3TU) ATOd FO wna3zoads YWN uojoaxd ‘€I aanbrg

-—

37




REFERENCES

1. O. Komarova et al, Vysokomol. Soedin., Ser. A9, 336
(1967); Chem. Abstr., 66, 86082a (1967).

2. Ya M. Paushkin et al, Kokl. Akad. Nauk SSSR 1968, 183,
640; Chem. Abstr., 70, 38172r (1969).

3. E. Oikawa, A. Ohkuma, Bull. Chem. Soc. Japan, 1970,
43, 2622.

4. V. Kargin et al, USSR 134,859; Chem. Abstr., 71, 13682
(1969).

5. J. Kucera, Czech. 134,443; Chem. Abstr., 74, 32166c
(1971).

6. R. Nolte et al, Recl. Trav. Chim. Pays-Bas 1973, 92(1),
83; Chem. Abstr., 78, 111803u (1967).

7. A. Gerber, Attempted Preparation of Polyorganonitriles,
Tech. Report No. 1, December 1976, AD A034 143.

8. V. Mkrtyehan et al, Izv. Vyssh. Ucheb. Zaved., Khim. :
{ Teckhnol. 1970, 13, 1519; Chem. Abstr., 74, 64477w ;
; (1971). ;

§ 9. S. Okamura et al, Japan 7890 (1963); Chem. Abstr.,
59, 7671 g(1963).

10. S. Okamura et al, Nippon Isotope Kaigi Hobunshu, 4,
450 (1961); Chem. Abstr., 61, 71064 (1964).

11. S. Rose, K. Reynard, and J. Cable, Synthesis of New
Low-Temperature Petroleum-Resistant Elastomers, Final
Report, January 1970, AD 704 332.

12. K. Reynard and S. Rose, Synthesis of New Low-Temperature
i Petroleum-Resistant Elastomers, Final Report, December
| 1970, AD 720 215.

13. K. Reynard, A. Gerber , and S. Rose, Synthesis of
i Phosphonitrilic Plastics and Elastomers for Marine
| Applications, Final Report, December 1972, AD 755 188.




REFERENCES (continued)

S. Rose, K. Reynard, and R. Sicka, Polyphosphazene
Fluoropolymers, Seventh International Symposium on
Fluorine Chemistry, 41 (1973).

K. Reynard, A. Gerber, T. Peterson, and S. Rose,
Development of Thermally Stable Phosphonitrile Elas-
tomers for Advanced Aerospace Structures, Third Annual
Summary Report, November 1973, AD 781 578.

K. Reynard, R. Sicka, A. Gerber, and S. Rose, Poly(aryl-
oxyphosphazenes)-New, Flame-Retardant Polymers, Soc.
Plastics Engineers 32nd Annual Technical Conference
(1974).

J. Thompson and K. Reynard, J. Appl. Polym. Sci., 21,
2575 (1977).

K. Reynard and J. Vicic, Polyphosphazene Wire Coverings,
Final Report on Contract No. N00024-75-C-4402 to Dept.
of the Navy, June 1976.

E. Grigat and R. Piitter, Chem. Ber., 97, 3012 (1964);

Chem. Abstr., 62, 5220f (1965).

A. Forbes, P. Gould, I. Hills, J. Chem. Soc., 1965,
p. 1113.

H. Allcock, R. Kugel, and E. Walsh, Chem. Commun.,
p. 1283 (1970).

D. Martin, Chem. Ber., 97, 2689 (1964).

—

E. Grigat and R. Plitter, German Patent 1,183,507
(May 2, 1963).

G. Tesi et al, J. Chem. Soc., 82, 528 (1960).

R. Otto, L. Audrieth, Chem. Ind., 1189 (1960).

K. Reynard and A. Gerber, U. S. Patent 4,005,171.

R. Stroh and H. Gerber, Angew. Chem., 72, 1000 (1960).

R. Minke, S. Freireich, and A. Zilkha, Israel Journal
of Chem., 13 (3), 212 (1975).




Copies

FINAL REPORT DISTRIBUTION

o

Office of Naval Research
Arlington, Virginia 22217
Attn: Code 472

Office of Naval Research
Arlington, Virginia 22217
Attn: Code 1021P

ONR Branch Office

536 S. Clark Street
Chicago, Illinois 60605
Attn: Dr. George Sandoz

ONR Branch Office

715 Broadway

New York, New York 10003
Attn: Scientific Dept.

ONR Branch Office

1030 East Green Street
Pasadena, California 91106
Attn: Dr. R. J. Marcus

ONR Branch Office

760 Market Street, Rm. 447

San Francisco, California 94102
Attn: Dr. P. A. Miller

ONR Branch Office

495 Summer Street

Boston, Massachusetts 02210
Attn: Dr. L. H. Peebles

Director, Naval Research Laboratory
Washington, D.C. 20390
Attn: Library, Code 2029 (ONRL)
Technical Info. Div.
Code 6100, 6170

The Asst. Secretary of the Navy (R&D)
Department of the Navy

Room 4E736, Pentagon

Washington, D. C. 20350

ot i W TR




12

Commander, Naval Air Systems Command
Department of the Navy

Washington, D. C. 20360

Attn: Code 310C (H. Rosenwasser)

Defense Documentation Center
Building 5, Cameron Station
Alexandria, Virginia 22314

U. S. Army Research Office

P. O. Box 12211

Research Triangle Park, North Carolina 27709
Attn: CRD-AA-IP

Commander

Naval Undersea Research & Development Center
San Diego, California 92132

Attn: Technical Library, Code 133

Naval Weapons Center
China Lake, California 93555
Attn: Head, Chemistry Division

Naval Civil Engineering Laboratory
Port Hueneme, California 93041
Attn: Mr. W. S. Haynes

Professor O. Heinz

Department of Physics & Chemistry
Naval Postgraduate School
Monterey, California 93940

Dr. A. L. Slafkosky

Scientific Advisor

Commandant of the Marine Corps (Code RD-1)
Washington, D.C. 20380

Dr. T. C. Williams

Union Carbide Corp
Chemicals & Plastics
Tarrytown Technical Center
Tarrytown, New York 10591

Dr. R. Soulen, Director
Contract Research Department
Pennwalt Corp.

900 First Avenue :
King of Prussia, Pennsylvania 19406




Dr. A. G. MacDiarmid

University of Pennsylvania
Department of Chemistry
Philadelphia, Pennsylvania 19174

Dr. E. Hedaya

Union Carbide Corp.

Corporate Research Laboratory
Tarrytown Technical Center
Tarrytown, New York 10591

Dr. A. Rheingold

SUNY Plattsburg

Department of Chemistry
Plattsburg, New York 12901

Dr. C. Pittman

University of Alabama
Department of Chemistry
University, Alabama 35486

Dr. H. Allcock
Pennsylvania State University
University Park, Pennsylvania 16802

Dr. M. Kenney

Case-Western Reserve University
Department of Chemistry
Cleveland, Ohio 44106

Dr. R. Lenz

Department of Chemistry
University of Massachusetts
Amherst, Massachusetts 01002

Dr. M. Good

Department of Chemistry
University of New Orleans
Lakefront

New Orleans, Louisiana 70122

Douglas Aircraft Co.
3855 Lakewood Boulevard
Long Beach, California 90846
Attn: Technical Library
Cl 290/36-84
AUTO-Sutton




NASA-Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attn: Dr. T. T. Serafini, MS 49-1

Dr. J. Griffith

Naval Research Laboratory
Chemistry Section, Code 6120
Washington, D. C. 20375

Dr. G. Goodman

Globe-Union Inc.

5757 North Green Bay Avenue
Milwaukee, Wisconsin 53201

Dr. E. Fischer, Code 2853

Naval Ship Research and Development Center
Annapolis Division

Annapolis, Maryland 21402

Dr. Martin H. Kaufman, Head
Materials Research Branch (Code 4542)
Naval Weapons Center

China Lake, California 93555

Professor Lydia M. Frenzel
University of New Orleans
Department of Chemistry

New Orleans, Louisiana 70122




