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I. Abstract

[}

Reactions of bis-trichlorophosphazosulfone and of the dialkylamides
of trichlorophosphazosulfuric acid with organo-metallic compounds have
been completed during this synthesis period. Phenylmagnesium bramide and
p-tolylmegnesium bromide have been employed as typical Grignard reegents and
have been caused to remct with the corresponding chlorides, leading to
eleven new completely substituted compounds never reported before in the
literature., According to the ylelds in which these compounds were cbtained,
substitutions appesr to be more facile in introdﬁcing a phenyl radical
than in the case of p-tolyl group.

L]
The compounds have been characterized in terms of analysis, melting
point, and infra-red srectrum. Their thermal stabilities at 200°C. and
250°C. have been evaluated also.

(2]
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IT. Thexmal Characteristics of Big-triarylphosphazosulfones
and of N,N-Dialkyl-triarylphosphezosulfones

A. Results and Discussion

The thermal stabllities of the compounds synthesized during this
period have been evaluated according to the method described in en early
report (1). Thermal stability measuremente were cerried out by heating
in an inert atmosphere Tor 10 hours at 200°C. 0.2-0.5 g. of the semple
and determining the loss of weight after that period. The compounds which
gave a loss of weight less than 0.3 per cent at that temperature, undex-
went further heating at 250°C., for the same length of time, and their loss
of weight was redetermined. Experimentel data, in terms of uncorrected
temperaturesand of increasing weight loss, are given in Teble I,

Inasmuch as in our early studies on }{-substituted sulfemides,
promising results in respect to thermsl stsebllity could not be achieved,
we have attempted the synthesis of a new category of cempounds in which
the nitrogen atoms of sulfemide end of its H-substituted derivatives are
linked to phosphorus atoms and the study of their behavior towards heat.
Furthermore, typical aryl radicals such as phenyl and p-tolyl groups, have
been placed on the phocrhorus atoms by reaction with Grignard reesgents.

Data from Table I, show clearly that at least at 200°C. almost all
the compounds can be considered as stable thexmally since the loss of
welght 1s less then or of the order of 0.3 percent. Raising the temperature,
hovever, gives remerlably increasing weight losses, which means that
substantial thermal deccmposition takes place rapidly at 250°C.

III. Reactions of Bis-trichlorophosphazosulfone and of the
Dialkylamides of Trichlorophosphazosulfuric acid with Grignerd Reagents

Study of the previously reported (2) complete replacement of the
chlorine atoms in bis~-trichlorophosrhazosulfone aid in the dialkylamides of
trichlorophosphazosulfuric acid by Grignard reagents has been continued
during this synthesis period. Besides phenylmagnesium bromide, p-tolylmagnesium
breomide hac been caused to react with the starting chlorides, leeding to
the corresponding arylcted derivatives. According to our data, these
nucleophilic substitutions are not at all facile. In order to cbtain
completely substituted derivatives refluxing up to 12 hours was required
and even so the ylelds of the pure compounds were rather slow. In eny
instance, yields were higher with rhenylmagnesium bromide than when p-
tolylmegnesium bromide was employed.

The genersl reaction is illustrated by the following equation:

R\ ~ ether R
(NSOgN-PCla + 3ArMgBr r,z\v.cso.‘,mﬂ’(zu-)a + 2MgClBr
R R

Vhere: R=R', may be CHa, Cols, Callz, C4Hg, and CgHgO (from morpholine)
and Ar = 0(351)5 s> p=CHzCeH; »
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The following compounds were prepared by this type of geaction:
I. Bis-triphenylphosphazosulfone s
II. N,N-dimethyl~-triphenylphosphazosulfone
III. N,N-diethyl-triphenylphospiftzosulfone
IV. N,N-divropyl-triphenylphosrhazosulfone
V. N,N-dibutyl-triphenylphosphazosulfone
VI. N,Nemorpholine-triphenylphosphazosulfone
VII. Bis-tri-p-tolylphosphazosulfone
VIII. N,N-dimethyl-tri-p-tolylphosphazosulfone
IX. N,N-diethyl-tri-p-tolylphosphazosulfone
X. N,N-dipropyl-tri-p-tolylphosphazosulfone
XI. N,N~dibutyl~-tri-p-tolylphosrhazosulfone
XII. N,N-morpholine-tri-p-tolylphosphazosulione

B. Physical Properties

All the compounds here synthesized are white, crystelline, non-
bygroscopic materials with reasonably high melting points. They are
insoluble in cold and boiling water; insoluble in ether, petroleum ether,
and n-heptene; fairly soluble in hot ethanol, carbon tetrachloride, and
benzene; soluble in acetone and chloroform. Thelr purilfication is best
effected by several recrystallizations from ethanol.

The infra-red spectra of chlorofom solution and,KBr pellets show
en intense absorption in the 1140-1145 cm. ' region, which 1s associated
with the symmetrical 3-0 vibration in the -50s~ grouping. The asymmetrical
vibration, which usually cccurs in the 1320-1340 cm. * region disappears,
while a new strong absorption band in the 1270-13CO cm. * is constantly present.
Ve attribute this vibration rather than ta +tha puve —:-::p{ stretch due Lo vie

[ -§-I\T=P-\-’J group. The reacon for this assumption lies in the fact that

in all our spectra the peaks in the 1300 em.” ! region are not well resolved
and present s shoulder. This would indicate that there might be a
coupling between the -SOp- asymmetric streteh and the pure -N=P7 vibration,
thus giving rise to the strong vibration in the 13CO cm. 1 region.

C. Experimental

1. p-tolylmegnesium Bromide. Magnesium turnings (3.648 g., 0.15 mole),
previously treated with & small crystal of iodine, were placed in a well-

dried, 5C0-ml., 3-necked flask, equipped with a reflux condenser, with a
drying tube on top, and a dropping Tunnel. Some 70 ml. of dry ether was
placed in the flask. While the mixture was stirred megnetically, p-
bromotoluene (25.65 ga, 0.15 mole) in 150 ml. of ethexr was added drop-

wise? to the magnesium. After a short heating to overcome the pericd of .
{nduction, the reaction starts and proceeds smoothly until all the megnesium
is dissolved.
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2. N,N-diethyl-trirhenylphosphazosulfones Fourteen and thirty-seven
humareths grems (0.05 mole) of N,N-diethyltrichlorophosphazosulfone in 50 ml.
of ether, was slowly added to an ether solution of phenyl-magnesium bromide
(27.19 g., 0.15 mole) at room temperature over a period of 2 hours. After
the addition wes completed, the mixture was gently refluxed for 12 hours.

The reaction mixture was then slowly poured into a flask containing 200 g

dF crushed ice and 50 ml., of 12 M. hydrochloric acid. The solld vhich was
separasted was extracted with benzene and the organic layer dried over

calcium chloride. The excess of benzene was dviven off under vacuum and the
solid, which was obtained, purified by recrystallization frcm ethanol. The
pure compound was & white, crystalline solid, melting at 127°C. Yield: 13.60 g.
(66.0% of the theoreticals.

Anal, Calcd. for CpaHazgMaOoPS: €, €4.0T; H, 6.11; N, 6.79.
Found : C, 63.90; H, 6.17; N, 6.89.

3 M—dmethyl-triphenylphosrhazosulfone. Twelve and ninety-seven
hundreths grams (0.05 mole) of N,N-dimethyitrichlorophosphazosulfone in
150 ml. of benzene was slowly added, with stirring, to an ether solution
of rhenylmagnesium bremide (27.19 g., 0.15 mole) et room temperature.

After the addition of tie chloride, gentle refluxdng was held for an
additional 12 hourn, The mixture was then decomposed by slowly Pouring it
into a flask containinrg 2C0 g. of crushed ice and 50 ml. of 12 M4« hydrochloric
acids The s0lid which separated was extracted with benzene and the organic
layer dried over calcium chleride the e:cess of benzene was distilled under
reduced pressure and the solid which wos left purified by recrystallization
from ethanol., The pure compound was a white, crystalline material, which
melted at 156-158°C. Yield: 7.0 g. (36.8% of theory).

Anal, Celed. for CaoHpaNpO02PS: €, 62.49; H, 5.50; N, 7.28
round : C, 624523 1, 5.33; N, T.18

L, N,N-dibutyl-triphenylphosmphazosulfone. Eight and six-tenths grems
(0.025 mole) of I,li=dibutyltrichlorophosphezosulfone in 50 ml. of ether was
slowly added to an ether solution of phenylmagnesium bromide (13.59 &.,
0.075 mole) at room temperature. After the addition was completed, the
mixture was stirred and gently refluxed for 12 hours. The resction mixture
was then roured into a flask containing 200 g. of crushed ice and 50 ml.
of 12 M. hydrochloric acid. The solid which was separated was extracted
with benzene and the orgenlc layer dried over calcium chloride. Upon
distillation of the excess of benzene, & solid meterial was left. It was
puwrified by recrystallizefion from ethanol, vielding the pure ccmpound
which melted at 149°C., Yfeld: 6.0 g {51.7;, of the theoretical).

Anasl. Caled. for CagHazalp02PS: C, €6, 62; H, T¢10; N, 5.98
Found: C, 66.70} H; 7.10; N, 6.21

S y,Nvdi‘bu%ylo-tri;;g;tolylphosphazosuli‘one. Fight and six-tenths grems
(0.025 mole) of N,N-dibutyltrichlorophosphazosulfone in 50 ml. of ether was
added at small portions to & well-stirred solution of p-tolylmagnesium
bromide (14,64 g., 0.075 mole) at rocm Lemperature. After the addition of®
the chloride, the mixture was stirred and refluxed for 12 hours. The reaction

xture wes then decomposed by pouring it into a flask conteining 200 g.
of crushed ice and 50 ml. of 12 M hydrogen chloride. The solid which
separated, was extracted with benzene and the orgenic layer dried over calcium
chloride. A ter the removal of the excess of solvent, the solid material
which was left was purified by recrystallization from ethanol. The pure
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compound was a white, crystalline solid, that melted at 155°C. Yield: 6.0 g.
(48.0% of theory).

Anal. Caled. for CpgHasN2OsPS: C, 68.21; H, T7.70; N, 5.48
Found : €, 68.34; H, Te59; N, 5.55

6. N, N-dimethyl-tiri~p-tolylphosphazosulfone. fyelve and ninety-seven
huldreths grams (0.05 mole) of N,N-dimethyltrichlorophosphazosulfone in
150 ml. of benzene wos slowly added to an ether solution of p-tolyl megnesium
bromide (29.29 g., 0-15 mole) et room temperature with stirring. After
the addition was commleted, the reaction mixture was gently refluxed for
12 hours. The mixture was then slowly poured into & flask conteining 200 g.
of crushed lce and 50 ml. of 12 ]! hydrochloric acid. The solid which
separated was extracted with benzene and the benzene layer dried over
calcium chloride. The excess of solvent was Xeoved under reduced pressure,
and the crude product vhich was left was purified by recrystallization from
ethancl. The pure compound waa & white, crystalline material which melted
at 196°C. vYield: G.45 g. (30.07 of the theoretical).

Anel. Calcd. for CegHpzNaOpI8: C, 64775 11, 6.38; W, 6.56
Found : C, 6u4,08; H, G.43; N, 6.26

T. Bis-tri-p-tolylphosphazosulfone. Nine and sixteen-hundreths grams
(0.025 mole) of bis-trichloxophoophezosullone in 30 ml. of ether was
slovly added to an ether solution of p~tolylmsgnesium bromide (29.29 g.,
0.15 mole) at room tempersture over a period of 2 hours. After the addition
wes completed, gentle refluxing was continued rfor an aedditional 12 hours,
The mixture was then cooled and slowly poured into a flask containing crushed
ice and 50 ml. of 1O [i poured into s flask contaiuing crushed ice and
50 ml. of 12 M hydrcchloric acid solution. A solid, insoluble in water,
separated. It was extracted with benzene and the benzene layer dried over
calciua chloride. After the removal of the solvent, the solid which was left
vas purified by several recrystalllzaticns from ethanol. The pure compound
melted at 226°C. Yield: 5.0 g. (29.45 of theory).

Anal., Caled. for Cyals2liz0PaS:  C, 72.02; H, 6.04; N, 4.00
Found : C, 7.T79; H, 6.10; N, 3.9u

8. N,H-dipropyl-tri-p-tolylrhosphazosulfone. Fifteen and seventy-eight
hundreths grams (.05 mole) of N,N-dipropyltrichlorophosrhazosulfone in
50 nl. of ether were slowly added to an ether solution of p-tolylmegnesium
bromide (29.29 G., 0.15 mole) at room temperature. The mixture was gently
refluxed and stirred vigorously for 12 hours after the addition was
completed. The ecrude comround wes then obtained by pouring the reaction
mixture into a flask containing 2C0 g. of crushed ice and 50 ml. of 12 M.
hydrochloric acid. The solid which seporated wes extracted with benzene
and the organic layer dried over calcium chloride. After the removal of the
exceas of benzene by distillation under vacuum, the solid was purified
by recrystallization from ethanol. The pure compound wes & white, crystalline

<~ O material, melting et 175°C. Yield: 9.6 g. (40.0% of theory).

Anal, Calcd. for CayHaglizOoFS: C, 67.19; H, T.31; N, 5.80 .
Found : C, 66.99; H, T.30; N, 5.93
[ ]
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9. N,N-morpholine~tri-p~tolylphos hazosulfone. Seven and five-tenths

grams (0.025 mole) of N,ij-morpholinetrichloroprhosphezosulfone in 80 ml. of
benfene were added at small portions to an ether solution of p-tolyl-
magnesium bromide (14.Ch g., 0.075 mole) at room temperature with whirring.
The mixture was then gently refluxed for 12 hours after the addition wes
completed. The reaction product was roured into & flask containing 200 gr.
of crushed ice and 50 ml. of 12 M. hydrochloric acid, from which a solid
®separated. It was extracted with benzene and the organic layer dried over
caleium chloride. The solid which was left after removal of*the solvent was
purified by recrystallizetion from ethanol, and the pure compound vwas a
vhite, crystelline malerlial melting at 129°C. Yield: 2.3 g. (20.0% of theory)

Anal. Calcd. for CagHaoliaOzPS: C, 64.09; H, 6.24; N, 5.98
Found : C, 64,36; H, 6.26; N, 5.91
®

D. Discussion

Reactions ef bis-trichlororhosphazosulfone and of the dialkyl-
amides B trichlorophosphazosuifuric acid with phenylmegnesium bromide and
p-tolylmagnesium bromide have been shown to yleld completely substituted
products where all the chlorine atoms are replaced by corresponding aryl groups.
However, the non-sharp meltlng points of the crude materials and the fact
that they can be obtained in high purity only after several reerystallizations
from ethanol lead us to believe that these nucleophilic substitutions are not
facile and that partially substituted compounds are alwsys obtained as by-
products. This would account alse of the low yields in which they are very
often obtained.

Iv. Qutline of Future Work

It is proposed to devote our time to the synthesis ofi the trimer of
sulfanuric chloride and consequentl;  to accomplisih some solvolytic processes
with that interesting matericl as scon as 1t will become avallable in workable
quantities. For this purpose, the synthesis of sulfanuric chloride will be
attempted, either according to the Kirsanov procedure, i.e., by thermal
decomposition of trichlorophosphezoculfonyl chloride, or by the Goehring
procedure, vhich consists in the deccmposition of a mixture of sulfuryl
chloride and thionyl chloride with gascous anmonia at low temperatures.

In addition, exchange reactions of bis-trichlorophosphazosulfone by
metathesis with sodium fluoride in acetonitrile or nitrobenzene as solvents .
will be under study. In all instances, the underlying obejctive will be
the improvement of thermal stabiiities in model compounds for polymer synthesis.
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