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Bistrichlorophosphazosulfone and some new dialkylamides of trichlorophosphaaosulfuric acid are obtained in nearly quan- 
titative yields by the reaction of phosphorus(V) chloride with sulfamide and its N,N-disubstituted derivatives, respectively. 
These compounds undergo readily nucleophilic replacement of the chlorine atoms by phenyl and p-tolyl groups when treated 
with the corresponding Grignard reagents. However, such nucleophilic replacement is much less facile when the m-tolyl 
Grignard is used and non-existent with the o-tolyl compound, suggesting the importance of steric hindrance in such reactions. 

/ 
A prominent infrared absorption in the 1260-1300-~m.-~ region appears to be characteristic of the entire --S02N=P- 

\ grouping rather than of a pure P=N mode. 

Certain of the striking analogies between the 
chemistry of sulfamide and that of urea have been 
emphasized in previous publications.2 Another 
analogy is found in the synthesis of the correspond- 
ing phosphazo chlorides by reaction of these amides 
with phosphorus(V) chloride. When this reaction 
is carried out with sulfamide or its N,N-dialkyl 
derivatives, either in the presence or absence of an 
inert solvent, bistrichlorophosphazosulfone, CW= 
NS02N=PC13, or the N,N-dialkylamides of tri- 
chlorophosphazosulfuric acid, R2NS02N=PCl~, re- 
spectively, result in nearly quantitative  yield^.^.^ 

It has been of interest to extend these reactions 
to the synthesis of a variety of compounds of the 
second type [R=n-C3H,, n-GH9, C~HSO (from 
morpholine) 1. Furthermore, since the nucleophilic 
replacement of chlorine atoms in compounds of both 
types has not been investigated ex tens i~e ly ,~~~  it 
has also been of interest to  study this kind of re- 
action with various Grignard reagents. Both bis- 
trichlorophosphaeosulfone and the N,N-dialkyla- 
mides of trichlorophosphazosulfuric acid have been 
found to react readily a t  room temperature with 
either solutions of phenyl or p-tolyl (=Ar) magne- 
sium bromide to  give, in reasonable yields, the com- 
pletely substituted products, as 
ClsP=NS02N=PClr + 6ArMgBr + 

ArsP=NSOa=PArs + 6MgClBr 

RINSO~N-PCI~ + 3ArMgBr -+ 
R2NS02N=PAr, + 3hlgClBr 

The somewhat larger solubilities of the ptolyl com- 
pounds result in their recovery in somewhat lower 
yields than are obtained with the corresponding 
phenyl derivatives. 

When m-tolylmagnesium bromide is used, com- 
plete nucleophilic attack appears to  be more d a -  
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cult, and with o-tolylmagnesium bromide it is es- 
sentially non-existent. Even prolonged refluxing 
with excess Grignard reagent gives low yields with 
the meta compound and fails to produce any com- 
pletely substituted derivative with the ortho com- 
pound. It is reasonable to  conclude on this basis 
that steric hindrance plays an important role in 
determining the ease with which such reactions 
proceed. 

However, the reduced solubility of adducts 
formed between intermediate substitution prod- 
ucts and the magnesium halide may also be a 
determining factor. It is known, for example, that 
in the reaction of phosphorus(V) oxytrichloride 
with organo-magnesium compounds for the syn- 
thesis of phosphine oxides such adducts form and 
are converted to disubstituted phosphinic acid 
derivatives when branched-chain alkyl or aryl 
substituents are pre~ent .~J  Both the quantitative 
formation of such adducts with hindered aryl groups, 
as judged by the complete absence of residue upon 
evaporation of the initial solvent, and lack of 
reaction with any solvent except one that effects 
decomposition indicate the stability of these prod- 
ucts. It is possible, therefore, that the formation 
of such a species may remove reactant before com- 
plete substitution can result. 

Acidic hydrolysis may then lead to phosphinic 
acid derivatives-e.g., R~NSOZN=PA~~OH or Rz- 
NSO~NH-P(O)A~Z.. Attempts to identify such 
compounds have given only negative results. 
Molecular weight determinations by the vapor- 
pressure procedure indicate the existence of phos- 
phinic acid derivatives, but microanalytical results 
for carbon differ from the corresponding theoretical 
values by ca. 0.3%. However, that such species 
are present is suggested by the ready solubility of 
such compounds in aqueous sodium hydroxide and 
their ready reprecipitation upon addition of acid to  
pH 6. By contrast, the trisubstituted compounds 

(7) G. M. Koaolapoff, J .  Am. Chem. Soc., 64, 2982 (1942). 
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TABLE I 
PROPERTIES A N D  ANAL>-SES O F  BISTRIARYLPHOSPHAZOSULFONE~ A X D  ?J,~-DIALKYLTR1.4RYLPHOSP€IAZOGUI,FOSES 

Emuirical Yield, R.l.p.,a ,---Carbon- -Hydrogen- -Nitrogen- 
Conrpound formula 5% O C .  Calcd. Bound Calcd. Found Calcd. Found 

Bistriphenylphosphazosiilfoneb C36H30NZO2P2S 46 245-246 70.12 70.16 4.90 4.98 4.54 4.70 
lV,K-Dimethyltriphenylphosphazosu!fonec CnoHzIS2O2PS 37 156-158 62.49 62.52 5.50 5.33 7.28 7.18 
S, S-Diethyltriphenylphosphazosulfonec Ci2H2bN2OtPS 66 127 64.07 63.90 6.11 6.17 6.79 6.89 
S,?;-Di-n-propyltriphenylphosphazosulfonec C2,HzgN202PS 50 178-179 65.44 65.49 6.63 6.48 6.36 6,58 
S.?;-Di-n-butyltriphenylphosphazosulfonrc C2RIl&202PQ 52 149 66.65 66.76 7.10 7.10 5.98 6.21 
N-Morpholinetriphenylphosphazosulfonec C22H23S20,PS 47 181-182 61.96 61. 72 5,43 5.39 6.57 6.39 
Bistri-p-to!ylphosphazosulfoneb C,2H,iN202P,S 30 226 72.02 71.79 6.04 6.10 4.00 3 .94  
X,N-DimethyItri-p-tolylphosphazosulfonrC C23H2iN202P8 35 196 64.77 64.68 6.38 6.43 6.56 6.26 
S,S-Diethyltri-p-tolylphosphazosulfoneC C25H31SQ02PS 40 160 66.06 66.14 6.87 6.97 6.16 6.38 
S,S-Di-n-propyltri-p-tolylphosphazosulfonec Ca7Ha6N2O2PS 35 175 6'7.19 66.99 7 .31  i . 3 0  5.80 5.93 
N,X-Di-n-butyltri-p-tolylphosphazosulfonec C&,sN202PS 48 155 68.21 68.34 7.70 7.59 5.48 5.55 
S-Jlorpholinetri-p-tolylphosphazosulfoneC C?jHzsN203PS 43 129 64.09 64.36 6.24 6.26 5.98 5.91 
?j, X-Dimethylt ri-m-to!ylphosphazosulfoneC C23H2i&02PS 22 159 64.77 64.91 6.38 6.45 6.56 6 .31  
S,X-Morpholinetri-tn-tolylphosphazosulfoneC C2;H29N203PS 24 124-125 64.09 64.06 6.24 6.28 5 .98 6.10 

a Uncorrected. Type formula: ArsP=SS02N=PL4r~. Type formula: R2NS02N=PArs. 

resist hydrolysis even when boiled with aqueous 
sodium hydroxide. 

Compounds prepared, together with important 
data relating to their syntheses and properties, 
are summarized in Table I. -411 of the completely 
substituted products are white, crystalline, non- 
hygroscopic substances that are insoluble in water, 
n-heptane, petroleum ether, and diethyl ether: 
sparingly soluble in ethanol, benzene, and carbon 
tetrachloride; and soluble in acetone and chloro- 
form. 

The infrared spect,ra of compounds containing 

the --K=P- group are of interest, Cyclic trimeric 

and tetrameric phosphonitrilic compounds show 
absorption at  1225 cm.-l and 1320 cm.-I, respec- 
tively, which frequencies are believed to  be P=Y 
stretching frequencies.$ Intense absorptions in 
the region 1350-1385 cm.-l in the spectra of a num- 
ber of phosphoroimidates and phosphonimidates 

/ 

\ 

/ 
has been associated with the -X=P- grouping. 

\ 
On the other hand, absorption in the 1260-1290- 
cm.-I region for esters of alkyl sulfonimido-Xu'- 
phosphoric acid has also been associated with this 
gr0uping.l' For comparison, infrared data for 
potassium bromide pellets of the compounds de- 
scribed herein are summarized in Table 11. The 
strong absorptions in the 1125-1160-cm.-1 region 
are characteristic of the symmetric S-0 vibra- 
tion.2,12 The asymmetric vibration that usually 
occurs in the 1320-1340-~m.-~ region has dis- 
appeared, however, and a new strong band a t  1255- 
1300 cm.-'is always present. This is in good agree- 
ment with the observations of Goerdeler and U11- 
ninnn, but it seems more probable that these absorp- 

(9) L. W. Daasch, J .  Am. Chem. Soc., 76, 3403 (1984). 
(IO) M. I. Kabachnik, V. A. Gilyarov. and E. N. Tsvetkov, Bull. 

(English translation.) 
(11) J. Goerdekr and H. TYlmann, Ber., 94, 1067 (1961). 
(12) E. A. Robinson. Con. J .  C h m . ,  8@, 247 (15361). 

Acad. Sci. U.S.S.R., 2036 (19,W). 
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tions characterize the entire 40~--N=I?--- 

/ 

\ 
arrangement rather than the -N-P- arrange- 

ment alone. This conclusion is supported by the 
fact that in most of the spectra reported herein the 
bands in this region are not well resolved but appear 
rather as shoulders, thus indicating the possibility 
of coupling between the -N=P vibration and the 
9-0 asymmetric stretch shifted to a lower fre- 
quency by the substitution of more e1ectroposit)ive 
groups on the phosphorus atom. 

Experimental 

Bistrichlorophosphazosulfone and Dialkylamides of 
Trichlorophosphazosulfuric Acid.-The first of these com- 
pounds and the N,N-dimethyl and N,N-diethyl compounds 
of the second type were prepared as outlined by Kirsanov.3~~ 
Previously undescribed compounds of the second type 
(N,N-di-n-propyl, K,N-di-n-butyl, and morpholino) were 
prepared by modifications of the Kirsanov procedure. 

N,N-Di-n-propyltrichlorophosphazosulf one .-Thirty-f our 
and two-tenths grams (0.189 mole) of N,K-di-n-propylsulf- 
amide, 39.53 g. (0.189 mole) of phosphorus(V) chloride, and 
100 ml. of carbon tetrachloride were placed in a 500-ml., 
round-bottomed flask equipped with a reflux condenser and a 
drying tube. The reaction takes place at room temperature 
with evolution of hydrogen chloride. Gentle heating on the 
steam bath was continued for 3 hr., after which time the evo- 
lution of gas ceased. The excess of carbon tetrachloride was 
removed zn vacuo and the oily material which was left puri- 
fied by distillation under reduced pressure. The pure com- 
pound is a slightly yellow oil, b.p. 113°/0.005 mm., n% 
1.5010. Yield: 50.0 g. (83.570). 

Anal. Calcd. for CsHldN202SPC13: C, 22.83; H, 4.47; 
S,  8.87. 

N,N-Di-n-butyl-trichlorophosphazosulfone .-Thirty grams 
(0.144 mole) of X,N-di-n-butylsulfamide, 30.0 g. (0.144 
mole) of phosphorus(V) chloride, and 100 ml. of carbon 
tetrachloride were placed in a 500-ml., round-bottomed flask 
fitted with a reflux condenser and a drying tube. An PK- 
othermic reaction started a t  room temperature. Gentle re- 
fluxing on the steam bath was continued for 3 hr., after 
which time the reaction was completed. The excew of sol- 
vent was removed in vucuo, leaving a viscous, oily mate- 
rial. The pure compound obtained by vacuum distillation, 

Found: C,22.99; H,4.41; N, 8.97. 
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TABLE I1 
1NFRAR.ED DATA FOR BISTRIARYLPHOSPHAZOSULFONES AND 

----Frequency- 
0 

N,K-DIAI,KYLTRIARY LPHOSPHAZOSULFOKES 

Compound 
Bistriphenylphosphazosulfone 
N,N-Dimethyltriphenylphosphazo- 

N,N-Diethyltriphenylphosphazo- 

N,N-Di-n-propyltriphenylphosphazo- 

N,N-Di-n-hutyltriphenylphosphazo- 

N-Morpholinetriphenylphosphazo- 

Bistri-p-tolylphosphazosulfone 
N,N-Dimethyltri-p-tolylphosphazo- 

sulfone 

sulfone 

sulfone 

sulfone 

sulfone 

sulfone 
X,N-lliethyltri-p-tolylphosphazo- 

sulfone 

zosulfone 

sulfone 

sulfone 

sulfone 

sulfone 

Ii,N-Di-n-propyltri-p-tolylphospha- 

N,?;-L)i-n-bu tyltri-p-tolylphosphazo- 

K-Morpholinetri-p-tolylphosphazo- 

N,N-Dimethyltri-m4olylphosphazo- 

X-Morpholinetri-m-tolylphosphazo- 

eym., 0 
cm.-' cm. -1 

1125 1262 

1140 1300 

1155 1290 

1140 1295 

1145 1295 

1150 1295 
1125 1255 

1140 1300 

1140 1290 

1140 1290 

1140 1290 

1140 1300 

1140 1300 

1140 1295 

was a yellow oil, b.p. 140°/0.05 mm., n2% 1.4952. Yield 

Anal. Calcd. for C8H18NZOZSPC13; C, 27.96; H,  5.28; 
N ,  8.16. Found: C, 27.75; H, 5.33; X, 8.31. 

N-Morpholinetrichlorophosphazosu1fone.-Eight and 
three-tenths grams (0.05 mole) of N-morpholinesulfamide, 
10.41 g. (0.05 mob) of phosphorue(V) chloride, and 50 ml. 
of carbon tetrachloride were placed in a 240-ml., round- 
bottomed flask fitted with a reflux condenser and a drying 
tube. Gentle heating on the steam bath was continued for 5 
hr., after which time t.he evolution of hydrogen chloride 
ceased and a clear solution was obtained. Upon cooling a t  
O0, a white precipitate was formed. It was filtered in a 
drybox, washed with cold carbon tetrachloride, and dried. 
The pure compound is a white, hygroscopic, crystalline 
material which melts a t  94". Yield: 14.0 g. (93.0%,;,). 

.4nal. Calcd. for C4HaN203SPC13: C, 15.94; H, 2.67; 
N,9.29. Found: C, 16.14; H ,  2.76; X ,  9.35. 

Grignard Reagents.-These were prepared according t o  
the classical method--i.e., by dropping the appropriate aryl 
bromide into an ether suspension of clean, dry magnesium 
t.urnings with stirring. A small crystal of iodine and a short 
period of heating were initially required to shorten the induc- 
tion period. 

Bistriarylphosphazosulfones and N,N-Dialkyltriaryl- 
phosphazosulfones .-Inasmuch as the procedure followed in 
each condensation reaction was essentially the same, only 
typical syntheses are described in detail. In all cases, ex- 

39.5 g. (80.07c). 

cept with K,N-dimethyltrichlorophosphazosulfone and the 
morpholino derivative for which benzene was used as a sol- 
vent, the reactions were carried out in diethyl ether. 

Bistriphenylphosphazosulfone .-Nine and sixteen- 
hundreths grams (0.025 mole) of bistrichlorophosphazo- 
sulfone in 50 ml. of anhydrous ether waa slowly added a t  room 
temperature and over a period of 2 hr. to a well stirred ether 
solution of phenylmagnesium bromide (36.26 g., 0.2 mule). 
After the addition was completed, gentle refluxing was 
continued for an additional 6 hr. The excess of Grignard 
reagent was decomposed by pouring the reaction mixture 
into a flask containing 300 g. of crushed ice and 50 ml. of 12 
M hydrochloric acid. The solid which separated was filtered, 
washed several times with water, and dried. The pure prod- 
uct could be obtained by extracting the crude material in a 
Soxhlet apparatus with ethanol and ultimately cooling the 
alcoholic solution. 

N,N-Dimethyltripheny1phosphazosulfone.-Twelve and 
ninety-seven hundreths grams (0.05 mole) of N,N-dimethyl- 
trichlorophosphazosulfone in 150 ml. of anhydrous benzene 
was slowly added, with stirring and a t  room temperature, to 
an ether solution of phenylmagnesium bromide (36.26 g., 
0.2 mole), after which time the mixture waa gently refluxed 
for an additional 6 hr. The cold mixture was then poured 
into a flask containing 300 g. of crushed ice and 50 ml. of 12 
M hydrochloric acid. The solid which separated was ex- 
tracted with benzene. The benzene layer wm dried over 
calcium chloride and the excess of solvent removed in vacuo. 
The resulting colored residue was purified by several re- 
crystallizations from ethanol. 

N,N-Di-n-butyltri-p-toly1phosphazosulfone.-Eight and 
six-tenths grams (0.025 mole) of 3,s-di-n-butyltrichloro- 
phosphazosulfone in 50 ml. of ether waa added in small 
portions at room temperature to a well stirred solution of p-  
tolylmagnesium bromide (19.52 g., 0.1 mole). After the 
addition of the chloride, the mixture was stirred and refluxed 
for 12 hr. The excess of Grignard reagent was decomposed 
by careful addition to the reaction mixture of 200 ml. of a 
saturated solution of ammonium chloride. The product was 
then extracted with benzene. After drying the benzene 
layer over calcium chloride, the excess of solvent was re- 
moved in uacuo and the residue purified by recrystallization 
from ethanol. 

N,N-Dimethyltri-m-toly1phosphazosulfone.-Six and 
forty-eight hundredths grams (0.025 mole) of N,N-di- 
methyltrichlorophosphazosulfone in 100 ml. of anhydrous 
benzene was slowly added a t  room temperature to a well 
stirred ether solution of m-tolylmagnesium bromide (19.53 
g., 0.1 mole). After the addition, stirring and refluxing were 
continued for an additional 24 hr., and the excess of Grignard 
reagent was decomposed by pouring the reaction mixture 
into a flask containing 200 g. of crushed ice and 50 ml. of 
12 M hydrochloric acid. The solid which separated was ex- 
tracted with benzene, and the crude product wtls obtained 
upon removal of the solvent under reduced pressure. Final 
purification was achieved by several recrystallizations from 
dilute ethanol. 

Infrared Spectra.-These were measured with a Perkin- 
Elmer Model 21 instrument, using a sodium chloride prism. 
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