
UNCLASSIFIED

AD2 6 8 124

AIUMEI) SEIfVICES TECIINICAL INFORMATION AGENCY
ARLINGTON HALL STATION
AHILINGTON 12, VIRGINIA

UNCLASSIFIED



Contract No. nA-11-O22-O0D-2956

L •Study Leading to the Deve loment of Polymers for Use

in I Temteratures

by

Theruld Moeller and Antonio Vanai

University of Illinois, ITVrbna1 Illinois

Quarterly Progress Report No. 10 Period September 1, 1961-November 30,,1961



ii.

Distribution List

Commanding Officer 3 copies
Picatinny Arsenal.
Dover, New Jersey
Attn: Purchasing Office, OIMBB-PB1

Concmwnding Officer I copy
Chicago Ordnance District
209 West Jackson Boulevard
Chicago 6, Illinois
Attn: OBDEC-DR

Co- mianding Officer I copy
Watertotn Arsenal
Watertown, Massachusetts
Attn: ONRO

Chief of Ordnance 1 copy
Department ,Z 'he Army
Washington 25, D.C.

.Attn: OHMT

NASA - Marshall Space Flight Centor 1 copy
M-S and M-Mr Attn: S. L. Bur,;
Huntsville, Alabama

Armed Services Technical Info Ag-ency 10 copies
Document Service Center
Arlington Hall Station
Arlington, Virginia

Commanding Officer 1 copy
Office of Ordnance Research
Box CM, Duke Station
Durham, North Carolina

Diamond Ordnance Fuze Laboratories 1 copy
Connecticut [wenue and Van hess Street, 4.W.
Washington 25, D.C.
Attn: Technical Reference Section

Ccmnanding Officer 1 copy
Rock Is land Arsenal
Rock Island, Illinois
Attn: Mr. R. Shaw

itlaioival Aeronautics and Space Administration 2 copies
Ma'rshall Space Flight Center
11unt .;Kllc, Alabama
Al*.tn: >ir. Chester Gray

t :• nd 1.1•-1,i



Ui
iii.

Comandlng General 1 copy
Aeronautical Systems Division
Wright-Patterson Air Force Base, Ohio
Attn: WWRCKC-1 (Mr. Livak)

Dr. G. Barth-Wehrenalp, Director 1 copy
Inorganic Research Department
Pennsalt Chemicals Corporation
Box 4.388
Philadelphia 18, Pennsylvania

Aeronutronic Division of' 1 copy
Ford Motor Company

Fora Road
Newport Beach, California
Attn: Mr. George Epstein,

Materials Department

Commander (Code 5557) 1 copy
U. S. Naval Orcimioce Test Station
China Lake, California



iv

Table of Contents

I. Abstract.... ...... .... ...... ... , ... ,.,....t .... 1

II. Reactions of the Dialkylwamides of Trichlorophosphazosulfuric
Acid wlth ri~nir Reagents. ..................... ............ 2

Iii. Reactions of Bis-trichlorophosphazosulfone and of the
DiaQlUylahides of Trichlorophosphazosulfuric Acid with
Aliphatic Polyamines .......................

Vr. Phvslc.l Prertls.............. .......................

VI. Discussion ..................... . ...........................

Vii, Outline of Future Work ............................. , ......... *

VTTI. References .... *........................... 6



I. Abstract

Reactions of the diaJ-kylomides of± trichlorophosphazosulfuric
acid with organo-metallic compounds have been continued during this
synthesis period in an attempt to establish whether sterin effects
might be involved in these nucleophilic substitutions. ETperiments
thus far completed indicate this to be the case, inasmuch as
completely substituted products with m-tolylmagnesium bromide are
obtained only in very low yields, whereas with the o-tolyl Grignard
they are practically non-existent.

Some reactions of bis-trichlorophoophazosulfone and of the
dialkylamides of trichlorophosphazosulfuric acid with aliphatic
polyamines, with the object in view of obtaining organic-inorganic
polymeric products, have been under investigation also.
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II. Reactions oft he Dia&,ylsmides of Trichlorophosphazosulftrtc

Acid with Grignard Reagents

Complete replacement of the chloriue atoms in bis-trichlorophosphazo-
sulfone and in the dialkylamides of trichlorophosphazosulfuric acid
by various Grignard reagents has been fully described in a previous
report (1).

In that occasion, we pointed out that no appreciable difficulty
had been experienced in efreeting the complete replacement of the
chlorine atoms with phenyl and R-tolyl groups, although the yields of
the corresponding p-tolyl derivatives were found to be slightly lower.
The difference is perhaps due to the greater solubility of the R-tolyl
compound in several organic solvents and the resulting increase
in difficulty of crystallization.

.n order to obtain further information on these nucleophilic
substitutions, reactions of the mentioned chlorides with m-tolyl-
magnesium bromide and wirth the ortho-Grignard compound have been under
study during this sy.athesiz period. As we suspected, 1hen m-tolylmagnesium
bromide is employed the nucleophilic attack on the phosphorus atom
becomes more difficult, and it is practically non-existent in yielding
completely substituted derivatives with the ortho Grignard compound. Even
with excess of Grignard reagent and upcn prolonged refluxing of the
reaction mixturc, the yields of the compounds obtained from imn tolyl-
magnesium bromide were found to be very low, and no complete substituted
derivative could be isolated when _-tolylmagnesium bromide was employed.

We attribute the failure to steric effects which may play an
important role in the inhibition of thcne condensatiun reactions. Another
factor of possible importance is the tendency of the chlorides of
pentavalent phosphorus acids to form insoluble complexes with the
magnesium halide when treated with Grignard reagents. This tendency is
of course increased by steric hindrance. A typical example is shown
in the reaction of phosphorus(V) oxytri'.chlorlde with organo-magnesium
compounds, which yields a mixture of phosphine oxide derivatives together
with derivatives of phosphinic acid. The yield of the latter is
increased by the use of branched alkyl or aryl groups (2,3).

This complex-forming ability of the intermediates has been
encountered in the course of our experiments. After the reaction was
completed, product could not be found upon evaporation of the
solvent. Furthermore, extraction of the gummy residue with different
solvents did not give positive results. The desired compouni-s could
only be &ujarated upon decomposition of the complex with acidic
solutions.

This suggests the possibility that with hindered Grignard r%:,'gents,
the intermediates react with the magnesium halide to give an etht -
insoluble complex which then, under heterogeneous conditions, is no
longer capable of reacting with the organo-tnagnesium compound to yield
complete substitution. Upon acidic hydrolysis, however, the complex
can be broken, and phosphinic acid derivatives of the type R2NS02NP(OR)Ar 2
or RZNSOp &)?,racan be obtained.



3.

This assumptj on is also substantivted by the fact that such compounds
are soluble in aqueous sodium hydroxide solutions and can be reprecipitated
upon acidification at pH ca. 6. The tri-substituted derivatives, by
contrast, do not hydrolyze even in boiling aqueous sodium hydroxide.

All the reactions were carried out by slowly adding the chloride to
an ether solution of excess Grignard reagent and refluxing for a period of
24 hours after addition was completed. The products were obtained upon
hydrolysis of the complex with dilute hydrochloric acid or saturated
ammonium chloride. Final purification can be achieved by recrystallization
of the crude material from absolute ethanol br dilute ethanol.

II. Reactions of Bis-trichlorophosphazosulfone and of the Dialkyl-

,mides of Trichlorophosphazosu.furic, Ae . th Aliphatic Polyamines.

With the object in view or preparing organic-inorganic polymeric
materials, some reactions of bis-trichlorophosphazosulfone and ot the
dialkylamides of trichlorophosphazosulfuric acid with aliphatic polyamines
have been carried out. Although polymeri zation seens to occur readily
when bis-trichlorophosphazosulfone is employed, with N•,_-diethyl-trichloro-
phosphazosulfone only monomeric products are formed. The chlorides react
vigorously at room temperature when added to a well-stirred solution of
!,6-heyanediamine in benzene in the presence of triethylamine as an acid
acceptor.

The compounds obtained, being insoluble in most of tie organic
solvents, coild not be further purified, but analytical data suggest the
ftlnull n6 stoieh!ometr-j"

Ets9N IN1(C42) SPH

C13P=PNSON=PClsI+H 2 N(CH2 )e lfeH2  PLNSO2 N=P- 1_m(CCT12)eNH- + EtSNICu - NH002) GNH.ý:J
x

In the case of the di'alkylsmides of trichlorophosphazosulfuric acid, the
reaction proceeds as follows:

lft gN /NH(Cll,-) sN•1
Et 2 NSO2N=PCl 3 + H2N(CH2 )(3N.Z_ " Ht2NS 0=PNH(CH.S) 8NI -PNSOaNEt2 +'•-N f(e) eNH e + nt HC1

Additional work related to the first type of reaction is necessary in order
to establish the nature of this interesting rcact±in. Some other aliphatic
and aromatic polyamines are to be studied in condensation reeations of this type.

IV. Phvsical Properties

The dialkyl-triarylphosphazosulfones here synthesized are white,
crystalline materials, which are insoluble in cold and boiling water;
insoluble in diethyl ether, petroleum ether, and n-heptane; fairly soluble
in ethanol, carbon tetrachloride, and benzene; and soluble in acetone and
chloroform•. Their purification is best effected by recrystallization from
absolute ethanol or dilute ethanol.
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The products of the interaction of bis-trichlorophosphazosulfone and
of the dialkylamides of trichlorophosphazosulfuric acid with 1,6-
hexanedianine are solid, high-melting materials, which are insoluble in
the gamut of organic solvents, in boiling water, and in boiling diziethyl-
formamide, dimethylsulfoxide, and m-cresol. For this reason, a good
purification could not be achieved, and the products were partially purified
by several treatments 4ith boiling water and boiling dimethylformamide.

V. __ ,rnental

A. N1,N-dimethyl-tri-m_-tolylphosphazosulfone. Six and fourty-eight

hundreths grams (0.025 mole) of NjNL-•nothyltrichlorophosphazosulfone in
150 ml. of benzene was slowly added bt an ether solution of m-tolylmagnesium
b:comide (19.53 g., 0.1 mole) at rooi tcmnvrature with stirring. After
the addition was completed, the reacts on mixture was gently refluxed for
24 hours. The excess ef Grignard was decomposed by addition of 100 ml. of
a saturated aqueous solution of crmoniura chloride. The compound was then
extracted with benzene. The organic layer was dried over calcium chloride
and the excess of solvent remov2d by distillation uder vacuum. The crude
product which was left was finally purified by several recrystallizations
fror ethanol. The pure compound obtained in ca. l05ý yield, was a white,
cr.stalline solid which melted at 158-90C.

Anal. Calcd. for CasfI27NaO2 PS: C, 64.77; H, 6.38; N, 6.56
Found : C, 64.91; H, 6.45; N, 6.31

B. .NN-morpholine-tri-m-.tolylphosphazosulfone. Seven and five-tenths

grams (0.025 mole) of N,N-morpholinetrirhlorophosphazosulfone in 100 ml. of
benzene was added at small portions to Ln ether solution of m-tolylmagnesium
bromide (19.53 g., 0.1 mole) at room temperature with stirring. The mixture
was then refluxed for an additional 24 hrs. after the addition was completed.
The reaction product was poured into a flask containing 200 gr. of crushed
ice and 50 ml. of 12 M hydrochlcric acid. The prnt'ct '-as ertrec'tcd ! _th
benzene and the benzeJ•i layer dried over calcium chloride. The solid which
was left after the removal of the solvent was washed with an aqueous
solution of sodium hydroxide, dried, and finally purified by recryotallization
from dilute ethanol. The pure compound was a white, crystalline material
melting at 123-125*C. obtained in ca. 10$ yield.

Anal. Caled. for C25HpeN2Q2PS: C, 64.09; H, 6.24; N, 5.98
round: C, 64.93; H, 6.44; N, 6.10

C. Attempted Preparation of N,_N-morpholine-tri-o-tolylphosphazosulfone.

Ueven and five-tenths grams of N,N-morpholinetrichlorophosphnzosulfone in
100 ml. of benzene was slowly added at room temperature to a well-stirred
ether solution of o-tolylmagnesiku bromide (19.53 0., 0.1 mole). Gentle
refluxing was maintained for 24 hours after the addition was completed.
The excess of Grignard reagent was decomposed by pouring the reaction mixture
into a flask containing 200 gr. of crushed ice and 50 ml. of 12 M
hydrochloric acid. The solid which separated was extracted vith benzene
and the benzene layer dried over calcium chloride. After the removal of the
excess of solvent, the crude product was purified by several recrystallizations



50

from ethanol. The compound which was obtained, gave m.p. 173-1740C. and
microanalysis agrees fairly good for the dirubstituted phosphinic acid
derivative.

Anal. Caled. for CCeH2 8 NpO4 1S: C, 54.81; H, 5.87; N, 7.10

Found : C, 56.32; H, 5.87; N, 7.45

D. Reaction between Bis-trichlorhos-qhazosulfone and 1 6-hexanediaminc.

Nine and seventeen-hundreth grams (0.025 mole) of bis-trichlorophosphazosulfone
in 50 ml. of benzene, were slowly added at room temperature to a well-stirred
solution of 1,6-hexancdismine (11.62 g., O.1 mole) in 250 ml. of benzene.
Some 50 ml. of triethylamine was added to the benzene solution. An
insoluble white solid developed as the chloride ims added. Stirring at
room temperature was continued for additional 6 hours after the addition
was completed. The solid was filtered, washed several times .'i.th boiling
water to remove traces of triethylamine-hydrochloride and subsequently
treated with hot dimethylformamide. After dryring the product, it meltad
at 270-2806C. with decomposition.

Anal. Calcd. for CISH.=N8 02 PpS: C, 43.5.; H,, 8.52; N, 22.57
Found : C, 38.90; H, 8.78; N, 18.21

E. Reaction between flN-diethyltrichlorophosphazosulforie and 1,6-hexane-

dlamine. Seven and eighteen-hundreths grams (0.025 mole) of NN-diethyltrichloro-
phosphazosulfone in 50 ml. of benzene was slowly added at room temperature
to R stirred solution of 1,6-hexanediamine (11.62 gr. 0.1 mole) in 200 mi.
of benrzene. Some 50 ml. of triethylamlne i.ms dated to the benzene solution.
Afteý- the addition was completed, stirring was continued for additional
6 hours. The solid -Which was formed was filtered, washed several times with
water to dissolve the triethylamine hydrochloride, and finally washed
with .. c.u dimethylformajnide. The compound so obtained was brown-solid which
melted at 255-260 0C., with decomposition.

Anal. Caled. for CaeHeaNioO4PaSg: C, 44.30; H, 8.80; N, 19.0
Found : C, 43.28; H, 8.93; N, 18.74

VI. Discussion

Reactions oZ the dialkylamides of tricblorophosphazosulfuric acid
with m- and o-tolylmagnesi•u bromide huve shown that steria effects are
involved in these nuc:Leophilic substitutions. Steric hindrance becomes
most apparent in the reactions with the ortho Grignard compound, where
no completely substituted product could be obtained. Instead, probably
disubstitumed derivatives of phosphinic acid are producod. rolymerization
seem•s to occur readily in reactions of bis-triohlorophosphazosulfone with
aliphatic polyamines. Additional wrork will be undertaIccn in this field
for the synthesis of organic-inorganic polymers.
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VII. Outline of Future Work

It is proposed to continue the vork outlined in this report. in
particular, the reaction of bis-trichlloropbosphazowslfone with clJher
aliphatic and aromatic dismines iill be investigated extensivdly. The
synthesis of suifanurLc chloride by the Kirsanov procedure, will be
studied extensively in order to develop a method that can provide the
material in sufficient quantity for further work.

VIII.

1. T. Moeller and A. Vandi: Quarterly Progress Report No. 9,
Contract DA-11-022-2956, August 31, 1961.

P, G. M. Kosolapoff, .T. AmP Chem. Soc., L, 2982 (194n)4
3. K. A. Petrov, N. K. Bliznyuk, and U. P. Korotkova, J. Gen. Chem. U.S.S.R.,

3, 2967 (1960).


