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I. Abshract

Reactions of the dialkylomides of trichlorophosphazosulfuric
acid with organo-metallic compounds have been continued during this
synthesis period in an attempt to establish whether steric effects
might be involved in thzse nucleophilie substitutions. Experiments
thus far completed indicate this to be the case, inasmuch as
completely substitubed products with m-tolylmegnesium bromide are
obtained only in very low ylelds, vhereas with the o~tolyl Grignerd
they are practically non-existent.,

Some reactions of bis-~trichlorophocphozosulfone and of the
dialkylamides of trichlorcphosphazosulfuric acid with aliphatic
polyemines, with the object in view of obtalning organic-inorgenic
polymeric produets, heve been under investigation alco.
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1. | Reactions of the Dialkylamides of Trichlorophosphazosulfuric
Acld with Grignoyd Reagents

Complete replacement of the chloriue atoms in bls~trichlorophosphazo-
sulfone end in the dlalkylemides of trichlorophosphazosulfuric acid
by various Grignerd reagents has been fully described in a previous
report (1). :

In that occaslon, we pointed out that no epprecieble diffieculby
had been experienced in effecting the camplete replacement of the
chlorine atoms with phenyl end p-~tolyl groups, although the ylelds of
the correspending p-tolyl derivatives were found to be slightly lower.
The difference is perhops due to the greetsr solubility of the p-tolyl
compourd 1n several orgsnic solvents and the resulting increase
in difficulty of ecrystallization.

in order to obtain further informetion on these nueleophilice
substiltutions, reactions of the mentioned chlorides with m-tolyl-
megnesium bromide and with the oxtho~Grignard compound have been under
study during this syathesis period. As we suspected, when m-tolylmagnesium
bromide ig employed the nucleophilic attack on the phosphorus atom
becomes more difficult, and 1t is practically non-existent in yielding
completely substituted derivebtives with the ortho Grignard compound. Even
with excess of CGrignard resgent and upcn prolonged refluxing of the
reaction mixturc, the ylelds of the compounds obtalned from m-tolyl-
magnesiuwm bromide were found to be very low, and no complete substituted
derivative could be isoleted when g-tolylmagneslum bromide wns employed.

We sttribute the failure to sterie effects which may play en
important role in the inhibhifilon of these condensatlon reactions. Another
factor of possible importance is the tendency of the chlorides of
pentavelent phoaphorus ocids to foxrm insoluble complexes with the
magnesium halide when treated with Grignerd reagents. This tendency is
of course increased by steric hindrance, A typlcal example is shown
in the reaction of phosphorus(V) oxytrichloride with organo-magnesiun
compounds, which ylelds e mixture of phosphine oxide derivatives together
with derdvatives of phosphinic acid. The yleld of the latter is
increased by the use of branched alkyl or aryl groups (2,3).

This complex-forming ability of the intermediotes has been
encountered in the course of our experiments. After the reaction was
completed, product could not be found upon evaporatlon of the
solvent. Furthermore, extraction of the gumy residue with different
solvents 4id not give positive results., The desired compourds could
only Le separaved upon decompositlon of the complex with acidie
solutions.

This suggests the possibility thet with hindered Grignerd r:~gents,
the intermedliutes react with the magneslium halide to give an ethi -
inscluble complex which then, under heterogeueous conditions, is no
longer cepeble of reacting with the orgeno-nognesium compound to yield
complete substitution. Upon seidle hydrolysis, however, the complex
can be broken, and phosphinic acld derivatives of the type RgNSOoNP({OH)Ara
or RpNSOzNHP (0) arocon be obtained.
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This assumpty on is also substanticted by the fact that such compounds
are soluble in agueous sodium hydroxide solutions and can be reprecipitated
upon acidification at pH ca. 6. The tri-substituted derivotives, by
contrast, do not hydrolyze even in bolling aqueous sodium hydroxlde.

All the reactions were carried out by slowly adding the chloride to
an etlier solution of excess Grignard resgent and refluxing for a period of
2L hours after addition was completed. The products were obteined upon
hydrolysis of the complex with dilute hydrochloric ecid or saturated
ammonium chloride. TFinal purificabion con be achleved by recrystallizetion
of the crude materlial from sbsolute ethenol pr dilute etheanol.

IITI. Reactions of Big-trichlorophosphazosulfone end of the Dialkyl-
smides of Trichlorophesphazosulfuric Aedd yith Aliphatie Polyamines,

With the object in view of preparing organic-inorganic polymeric
moterials, swume reactions of bia-trichlorophosphazosulfone and of the
dislkylamides of irichlorophosphazosulfuric acid with aliphatic polyamines
have been carried out. Although polymerization gseenms to occur readily
when bis-trichlorophosphezosulfone is employed, with N,N-diethyl-trichloro-
phosphazosulfon: only monomeric products are formed. The chlorides react
vigorously at room temperature when added to a well-stirred solution of
1,6-hexanediamine in benzene in the presence of triethylemine as an acid
acceptor

The compounds cbtained, being insoluble in mest of 4he organic
solvents, coitld not be further purified, but anslybicol data suggest the
following stoichiometrys

Eball - /NH(CHg)eNH\..
C1aP=NSOaN=PClatioN(CHs)gllHo > P»NSOgN*P NH(Clz )} eNH J + EtallCl
™ NH(CHz) oNH -
X

In the case of the dialkylomides of trichlorophosphazosulfuric acid, the
reaction proceeds as follows:

It N /NH(CHn)c,NH “
RtpNS0aN=PCly + HoN(CHa)glHz >  EtoNSOoN-=P = K(CHz) NI -PNSOaNE‘tg +
NH(CHg) oNH + BbaNHCL

Additionnl work reloted to the first type of reaction is necessery in order
to establish the noture of this interesting reactien. Some other aliphatic
and aromatic polyemines are to be studied in condensation reactions of this type.

IV. FPhysical Propertiles

The dialkyl-triarylphosphazosulfones here syntheslzed are white,
erystelline materials, which are insoluble in cold and boiling water;
ingoluble in diethyl ether, petroleum ether, ond np-heptone; fairly soluble
in ethanol, carbon tetrachloride, and benzene; and soluble in acetone and
chioroform. 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 end
of the dialkylamides of trichlorophosphezosulfuric acid with 1,6«
hexonedlamine are solid, high-melting meterisls, which are insoluble in
the gemut of organic solvents, in boiling water, and in boiling dimethyl-
formamide, dimethylsulfoxide, and m~crescl. For this reason, 2 good
purification could not be achleved, and the products were partially purified
by several treatments with bolling weter and boiling dimethylformemide.

V. Experimental

A. u,_l\_l-dimethyl-'bri-—m«-tolyJphosphazosulfone. Six end fourty-eight

o v

hundreths grems (0.025 mole) of N,N- unn‘,thyltrichlorophosphazosulfone in
150 ml. of benzene was slowly ac‘ldect to an ether solution of m-tolylmegnesium
bromide {19.53 g., O.1 mole) at rcom tomparature with stirring. After
the addition was completed, the reaction mixture was gently refluxed Torx
24 hours. The excess of Crignord was decomposed by addition of 100 ml, of
a saturated aqueous sclution of ewmonium chloride. The compound wes then
extracted with benzene., The organic leyer was drled over calcium chloride
and the excess of solvent removaed by distillation uder vacuum. The erude
product which was left wos finally purified by several recrystellizations
frem ethanol. The pure compound obtained in ca. 104 yleld, was a white,
erystalline solid which melted at 158-9°C.

Anal. Caled. for CagHaz7Ns0zPS: €, 64.77; H, 6.38; B, 6.56
Found : C, 64.91; H, 6.45; N, 6.351

B. N,N-morpholine~tri-m-tolylphosphazosulfone. Seven and five-tenths

groms (0.025 mole) of N,N-morpholinetrichlorophosphazosulfone in 100 ml. of
benzene wae added at small portions to on ether solution of m-tolylmagnesium
bromide (19.53 g., O.1 mole) at room temperature with stirring., The mixture
was then refluxed for an additionel 24 hrs. after the addition was completed.
The reaction product was poured into a flask conteining 200 gr. of crushed
lce and 50 ml. of 12 M hydrochlcrie eeid. The product wag evirectod with
benzene and the benzeiw luyer dried over caleium chloride The solid which
was left after the removal of the solvent wons washed with an agueous

golution of sodium hydroxide, dried, and finaelly purified by reerystallization
from dilute ethenol. The pure compound was & white, crystalline material
melting at 123-125°C. obtained in ea. 1075 yleld.

Anal. Caled. for CaslizelNa0nPS: €, 64.09; H, G.24; N, 5.98
Found: C, 64.,93; H, 6.4l; N, 6.10

C. Attempted Preparstion of N,N-morpholine-tri-o-tolylphosphazosulfone.

Jeven and five-tenths groms of N,N-morpholinetriechlorophosphazosulfone in
100 ml. of benzene wes slowly added at room tempersture to a well-stirred
ether solution of g-tolylmagnesiuu bromide (19.53 g., 0.1 mole). GCenble
refluxing wos malntained for 24 hours after the eddition was completed.

The excess of Grignard reagent wans decomposed by pouring the reaction mixture
into & flask econtaining 2C0 gr. of crushed ice and 50 ml, of 12 M
hydrochloric acid. The solid which separated wns extracted with benzene

and the benzene leyer dried over caleium chloride. After the removal of the

excess of solvent, the crude product was purified by several recrystallizations



Trom ethanol. The compound waich was obtained, gave m.p. 173-174°C. and
microanalysis agrees fairly good for the dirubstituted phosphinic acid
derivative.

Apel, Caled. for CygHpaNaOgPS: €, 54.81; H, 5.87; N, 7.10
Found : C, 56.32; H, 5.87; N, T.45

D. Reaction between Bis-trichlorophosphazusulfone and 1,6-hexanediamine,

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-hexancdiamine (11,52 g., 0.1 mole) in 250 ml. of benzene.

Some 50 ml. of triethylemine wes added to the benzene solution. An

insoluble white sclid developed as the chloride was added. Stirring st

room Lemperature was continued for additional 6 hours after the addition

was completed. The solid ws filtered, washed several times with boiling
water to remove trasces of triethylamine-hydrochloride and subsequently

treated with hot dimethylformemide. After drying the product, it melted

at 270-280°C. with decomposition.

Anal. Coled. for CigHuoNpOoPe8: C, 43.55; H, 8.52; N, 22.57
Found : C, 38.90; 4, 8.78; N, 18,21

E. Reaction between N,N-diethyltrichlorophosphazosulfone and 1,6-hexene-

diemine. Seven and eighteen-hundveths grams (0.025 mole) of N,N-diethyltrichloro-
phosphazosulfone in 50 ml. of benzene was slowly added at room tempereture

to a stirred solution of 1,6-hexanedismine (11,62 gr. 0.1 mole) in 200 ml.

of benzene. Some 50 ml. of triethylemine wzs added to the benzene solution.

Afteir the addition was completed, stirring was continued for additional

6 hours. The solid which vas foymed was filtered, washed ceveral times with
water %o dissolve the triethylemine hydrochloride, and finally washed

with hol dimethylformamide. The compound so obtained was brown-solid which
melted at 255-260°C., with decomposition.

Anal, Caled. for CogHeaNioO4PaSa: C, 44.30; H, 8.80; N, 19.0
Found : €, 43.28; H, 8.93; N, 18.T&

VI. Digcussion.

Reactions of the dialkylamides of trichlorophosphazosulfuric aeid
vith m- and o-tolylmagnesium bromide hmve shown that cterie effects ore
involved in theae nucleophillc substitutions. Sterle hindrence beccmes
most apparent 1n the reactions with the ortho Grignard compound, where
no completeiy substituted preduct could be obtained. Instead, probably
disubstituted derivatives of phosphinie acid are produced, Tolymerization
seexms to occur readily in reactlons of his-trichlorophosphezosulfone with
aliphatic polyemines. Additional work will be underboken in this field
for the synthesis of orgenic-inorgenic polymers.




VII. Outline of Fubure Work

It 15 proposed to continue the work outlined in this report. In
particular, the reactlon of bis~trichlorophosphazosulfone with cither
aliphatic and arcmatic diamines will be investigated extensively. The
synthesls of sulfenurie chloride by the Kirsanov procedure, will be
studied extensively in order to develop a method thet can provide the
naterial in sufficient quentity for further work.
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