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1.
I. Mbstract

A comparative study of three approoches to the synthesis of sulfemide
has shown that reaction of sulfuryl chloride with excess liquld ammonia at
low temperatures can he used to prepore the compound with reasonsble
efficiency.

A program for the preparation of polymeric, high temperature stable
substances, based upon compounds belonging to the armono-sulfuric ocid
system, hne been instituted. For this purpose, o series of ammonolysis
and aminolysis reactions of sulfamide and of N,N-dialkylsulfomyl chlorides
with g variety of aliphatic and aromntic amines have been corried out, end
seversa) new N-substituted dorlvatives of sulfamide have been prepared and
charnctoriceds Their Mquid ranges and thermel stabilitles have been
evaluated also.

The reaction of sulfuryl chloride with primary and secondary diamines
by the two-liquid phose pro:~dure rcs folled to produce polymeric inorgenic-
organic materials. On the ~iher hand, when sulfomide ie allowed to react
with alp hatie polyamines without solivent, deaxmonation tokes place readily
with the foermation of definib< products. Monomeric compounds are attalnable
by melt-porlymerization at 90°C., whereas a lineor polymer is produced when 1,6-
hexane-diumine reacts with sulfamide under appropricte conditions.

The reaction of sodium hydrosulfide with sulfur in liquid apmonia has
been found to be a convenlent method for the synthesls of anhydrous sodium
polysulfides. Non-metal polysulfides have been obtained by treating the
hydrosulfide=sulfur solution in ammonia with a diecid chloride such as
methylene chloride,

Sulfamic acid, aulfmnide, and N, N-dialkylsulfemides have been found to
react with phosphorus (V) chloride to give in good yields trichlorophos-
phazosulfonyl chloride, bis~trichlorophosphazosulfone, and the dialkylem:l.des
of trichlorophosphazosulfuric acid, respectively. Reactlons of bis-
trichlorophosphazosulfone and of the dialkylamides, of trichloro-
phosphazosulfuric acid with Grignard reogents have lead to compounds in
which the chlorine atoms are all replaced by aryl groups.

The synthesis of sulfenuric chloride by thermal cleavege of trichloro-
phosphazosulfonyl chloride 128 been successfully effected. Inasmuch as
two gecmetrical isomers are produced during the course of such thermal
decomposition, the measwrement of dipole mements hos been used as a
bossible criterion for the wssignmwent of their configurations.

Published papers based upon work completed under this contract include

A. Vandi, T, Moeller, &nd L. F. Audrieth: !'Synthesis and
Properties of Scme N-Substituted Sulfamides™ , J. Org. Chem.,
26, 1136 (1961).

--As Vandi, T. Moeller, and L. F. Audrieth: ' Some Aminolysis and
Deammonation Reactions of Dialkylsulfamyl Chlorides and Sulfamide with
Polyomines' , J. Org. Chem., 26, 3478 (1961).

—
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A. Vondi snd T, Moeller: "Nucleophilic A cmatic Substitutions
Involving Bis-Typichlorophosphazosulfond ond the Dialkylomides
of Trichlorophosphazosulfuric Acid", Chem. snd Ind., 1962, 22l.

T. Moeller and A. Vandi: "Reactions of Bis-TRichlorophosphazo-
sulfone and of the Dialkylamides of TRichlorophosphazosulfuric
Acid with Certoin Grignard Resgents", J. Org. Chem, (In press)

In addition, & manuscript dealing with the sulfanuric chlorides and
severnl manuscripts covering the syntheses of various compounds are in
preparation.

II. Sypthesis of Sulfamide
A troductio

The preporation of sulfamide has usually been attempted via the
ammonolysis of sulfuryl chlriiée, either with ammonia or with an
amoniwa salt, emide, or imide +hot night be expected to yleld anmonia in
controlled quantity. A rev’er of duscribed procedures (1) indicates that
none of these is notobly efilciun: and that many yleld only negative results.
Of the procedures employin; aaroaia, those described by Kirsanov (2) and by
Goehring et al., (3) appear most promising. These have been rechecked in the
preliminary phases of this study, largely to provide sulfamide for use in
other aress of investigation. A single variant of the reasction involving
en ammonium sclt has been examined.

B. Experimental

1. Ammomolysis of Sulfuryl Chloride by Ammonia According to the
Procedure of Kirsanov T—,.’—Z ) a9 Modsfied by Snyder .Lli. -~ The procedure used
wos a8 follows: A 3-liter, wlde-mouthed Jar, equipped with a mechaniecal
gtirrer, a thermometer, and a gas inlet tube, was placed in an lee-salt
bath contalned in a large battery Jor. Seven hundred fifty milliliters
of carbon tetrachloride was added to the reaction Jar ond the ‘whole
cooled to -8°C. P strong current of ammonis was bubbled thwough the
cooled carbon tetrachloride while a golution of 125 ml. of sulfuryl chloride
in 625 ml. of carbon tetrachloride was added in 10-15 ml. inerements., After
each anddition, the mixture was cooled to -8°C. before more of the halide was
introduced. After all of the sulfuryl chloride had been added, the current
of ammonia was mainteined for an additional 30 minutes.

The white, pasty product was trented with water and the carbon
tetrachloride removed by using & scporotory funnel and then boiling.
Armmonium chloride was lergely removed by o series of vacuum evaporations
on the steam bath and subsequent f{iltrotions. The resulting thick,
viscons mass was hydrolyzed by boiling with 0.5 N hydrochloric acld. After
removal of more water by vecuum evaoporation, the product wns extracted several
times, using a Soxhlett apparatus, with ccetone and ethylucctate. The
solvent was removed by evaporatlon and the resulting yellow crystals
dissolved in boiling 957 ethanol. Cooling then gave white crystals of
sulfamide. Yield: 11.7 g. (7.97); 8.3 g. (5.67), based on the sulfuryl
chioride used.
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2. fmmonolysis of -Sulfuryl Chloride by Ammonia According to.the
Procedure of Goehring as Modified by Eibeck (4). -- The most effective

procedure was as £ollows: A 2-liter, 3-necked flosk, equipped with a
mechanical stirrer, e dropping funnel, end a vent ettoched to a drying

tube, was cooled to ca. -70°C. by means of a Dry Ice-chloroform bath. Scme
300 ml, of liquid ommonie was then condensed into the flask at -T70°C. A
solution consisting of 50 ml. of sulfuryl chloride in 400 ml. of petroleum
ether (b.p. 90-110°C.) weos then added dropwise and with vigorousstirpirg over
& period of 160 minutes, with the temperature remaining within 3-4° of
-70°C. The flask wes then allowed to warm over night to room temperature

to remove unreacted ammonia. The ether leyer was removed and the

product dried at rcom temperature. Two extractions, each with 250 ml. of
ethyl acetate, were cerried out. From each, white crystals resulted upon
evaporation of the solvent. The remaining solld was dlssolved in a solution
chtained by diluting 15 ml. of 12 N hydrochloric acid to 100 ml. with

water. Thls solution wos evaporated and the brown s0lid obtained extracted
with ethyl acetate. The combined crystols from the three ethyl acetate
extractions were dissolved in boilling 957 etheonol. Cooling gave white,
crystalline sulfamide. Yield: 27.86 g. (46.5;7). Comperable runs where
acetone was used for the initial extraction gave ylelds of only 8.7 g.
(14.67); and 11.0 g. (18.87).

3. Attempted Ammonolysis of Sulfuryl Chloride with Ammonivm Chloride
in Symmetrical Tetrachlorgethane. -- The procedure employed was as

follows: & mixture of 13.5 g. (0.1 mole) of sulfuryl chloride and 0.7 g.
(0.1 mole) of ammonium chloride wos refluxed in 500 ml. of tetrachloroethane
for 9 hours, escaping vopors being trapped in 2 M sodium hydroxide solution.
The solution in the trap wos then neutralized with nitric scid and its
chloride content determined by Mohr titration. Approximetely 0.2 mole

of chloride ion was found, suggesting that ammonolysis had accurred with
release of hydrogen chloride. However, 0.l mole of ammonium chloride

was recovered fram the initinl reaction mixture. Since the liquid hed
changed frem colorless to yellowish, it was reasonsble to assume that the
solvent had undergone reoction. Repetition of the experiment with cmission:
of the ammonium chloride, gave 0.2 mole of chloride ion in the trap,
indicating only reaction of sulfuryl chloride with tetrachloroethane and

no ammonolysis.

C. Discussion

Much of the tedicusness and inefficiency of the Kirsanov procedurs
is eliminoted by an adaptation of the Goehring method. The reported yleld
of 427 (av.) can be duplicated, if sultoble precoutions are taken. In
every Instance where lower yields rcsulted, acetone was used as a primary
extraction solvent. This resulted in the formation of large quentities of
reddish-black, torry materiel, which epparently interfered with ultimate
conversion to sulfemide. This difficulty is eliwinnted by use of ethyl
acetate and by never evaporating sbove xocm tempersture.

If a stoted yleld of ca. 407 is assumed to be a reasonable average
for the Goehring procedure, the overall conversion in tems of the equation

80aCla + 4NHa - 80p(NHp)g + 2NH,C1

L
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does not suggest this to be & particularly practical process. However,
there 1as every evidence (3) that the initial process ylelds imidodisulfemide
as well

380201z + 12NHa > 802(NHa)a + N, [HaNSONS0-NE2) ™ + 6NiI4CL
Subsequent hydrolysis of the 1e.tte;
N, [ HoNSOZNS02NES ] ™ + Hz0 5 80a(Nia)2 + NHy* [HaNSO05]"
indicates a totel conversion to sulfemide in the mole ratio
802C1a: B02(NHz)2 = 3:2

Thus a yield of 27.86 g. (p. 3) , which amcunted to 46.5% on the basis of
1:1 correspondence between sulfuryl chloride and sulfamide, becomes T0.5%
on the basis of the second path. Evaluation in terms of the ammonium
chloride recovered is in good sgreement with this figure.

Formstion of imidodlsulfamide by direct reaction of sulfuryl chloride with
ammonia plus lack of resction of sulfuryl chloride with ammonia chloride. a poover
source or ammonia, suguest thdt direct formoticn o sultumiae must require
more basle ecopditions than have been achieved here. In a measure, these 1
are conpensated for by the presence of & large excess of aumonia at
all times, but even thon some denmmonation must oeeur. Tt ig concelvsble
that the presence of besic icns in the amonia would limit imidodisulfamide
formation and thereby improve the yleld.

III. N-Substituted Derivetives of Sulfomlde
A. Introduction

Material included in this report relastes to synthesis and cheracterization
only. The synthesis program involved the preprration of a number of N,N'-
disubstituted, N,N,N'-trisubstituted, and N,N,N',N'-tetrasubstituted sulfomides,
vwhich may be represented by the following gencralized formulas:

: L
[ R_
R-N’H-j-NH-R' ~N-S-NE-R!
R?
; -
I II |
0 |
R, ’! RY! ‘
N-8-N"" |
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Thus far, only cdmpounds relating to formulas II and III have been
prépared, vhere:

R = R' = an alkyl radieal
R'' end R''* may be alkyl, aryl, alkaryl, or heterocyclic radicals.
A survey of the litersture revealed the following general synthetic
methods for the preparation of N,N,N!-trisubstituted and N,N,;N',N'-
tetrasubstituted sulfamides.

1. Reaction of & dialkylsulfamyl chloride with a primatry amine,

.

0 _
N
R A -
>\|-— -Cl + 2HN-Rit =» ,:‘N-S-NH-R" + [R'!-NE3] C1
R R
& §
This reaction is the most frequently reported method for the preparation
of symmetrical and unsymmetrical tribubstituted sulfomides. Chloroform (5),
benzene or ether (6) have been used os solvents for carrying out the

reaction. Ah excess of primoyy amine, %o react with the hydrogen
chloride released, is usuelly used as acid acceptor.

2. Reactlon of a'dian{ylsul:ramylchloride with a secondary amine.

0 0
R. ‘r ho] 1‘ R
JN-S-CL + SHNR''R''' &  ON-S-N7  + [R''R'!'NH2JTCL
R! é Rf’ L "R!'YY
0

This reaction 1s the most frequently reported method for the preparestion
of symmetrical and unsymmetrical tetrasubstituted sulfamides.

Chloroform (5') has been used as a solvent Lor carrying out the
reaction, and an excess of secondary amine has been used to react
with the hydrogen chloride which is evolved.

3. Reaction of sulfuryl chloride with a secondary omine.

2

R\ R f R o -
L R+ 50aClp »  n-s-y7 o 2RRIRICL
R BT ¢ R
0

This method, which ylelds symmetrical tetresubstituted sulfemides and
is carried out in cold benzene, iz reported in the literature in a
patent (T).

k. Reaction of ArS0zCl with primary or secondary amines.

0
R Ceic R_ 4 R R i
(o 3 ONH+ AYSO0L —3 SN-S-N  + ATOH + [ “MEa)'CL
' RC Cold R! R

5

This method s8lan vialda gwwmatatony dntugehotitnbed anifamides, {8§)
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During this investigation, 9 trisubstituted and tetrasubstituted
pulfomides were prepared and cheracterized. OFf the compounds synthesized,
T are new campositions of matter not reported in the literature.

All these compounds were prepered by allowing dlethylsulfamyl-
chloride (ljmole) to react with a primary or sccondary emine (2 moles)
and refluxing in chloroform or ether as solvent.

For this purpose diethylsulfamylchloride has been prepared either by
refluxing diethylamine hydrochloride with an excess of redistilled
sulfuryl chloride (5) or by adding pure diethylemine dropwise to an
excess of redistilled sulfuryl chloride (9). The latter procedure gives
better results than the first one and also, according to the literature,
the yield is more satisfactory. Diethylsulfamyl chloride is a colorless
liquid which boils at 75°C. at 3 mm.

The reaction of diethylsulfamylchloride with a primary amine
is repreesnted by the following equation:

0
b Ba ! -
>N-i§-Cl + SHN-R+  ON-S-NE-R + [R-NEg]TCL

Where: R = H, C4Hp«, CgHg-~, CeHi.-

The following trisubstituted sulfnmides were prepared by this type of
reaction,

I N, N-diethylsulfomide
II N,N-diethyl-N'-butylsulfamide
IIT N,N-diethyl-N'-eyclohexylsulfamide
IV N,N-diethyl-N'-phenylsulfamide

All of these compounds except N,N-diethylsulfamide were prepared in
this way. N,N-dlethylsulfomide was prepeved by cdding the pure diethyl-
sulfemylchloride dropwise to an excess of ligquid ammonia (5) with vigorous

agitetion over a period of 2 hours, followed by evaporation of the excess of

1liguid emmonia at room temperature. The pure product was obteined by means
of several vecrystallizetions fxom ether.

The reaction of diethylsulfamylchloride with a secondary amine is
represented by the following equation:
0

0
Bt ’L A
SN-8-C1 + 2HNRR' > SN-S-N]  + [RR'NHal'CL
Bt \é Et7 § SR
0
Vhere: R = R' = Callg
R = Collg
(Rr= cHy )
[R = Cgllyy,
R'= CHg

R = R' 16 a heterncyeclic rroup such as morpholine or

b

(




Thetollovins tetrasubstituted sulfamldes were prepered by this type of
reactions.

V N,N-diethyl-N',N'-dibutylsulfemide
VI N,N-diethyl-k-morpholinesulfamide
VII N,N-diethyl-h-piperidinesulfamide
VIII N,N-diethyl-N'-phenyl-N'-methylsulfamide
IX N,N-diethyl-N'-cyclchexyl-N'-methylsulfamide

B. Fhysical Properties

Tri- and tetrasubgstituted sulfamides are generally colorless olly
materlials. When they are solids, they have very low melbing points and
are very difficult to reerystallize. Normal heptane was found to be the
best solvent for such recrystallizations. The compounds are soluhle in
all the common organic solvents but ave insoluble in cold water. The
trisubstituted sulfemides are soluble in elkoli, owing %o the presence of
an acidic hydrogen atom, whereas the tetrasubstituted derivatives are
insoluble.

C, Unsuccessful Preparations

Diethylsulfamylchloride does not reasct with diphenylamine, either
in the presence of chloroform and benzene as golvents or in the absence
of solvent. The mixture in the molar ratio 1:2 was refluxed for 48 hours,
but after this period of time unreacted diphenylamine and diethylsulfamyl-
chloride were obtained by distillation under vacuum.

Recently, it has been found that sulfamide when treated with amines
ylelds mono~ and disubstituted sulfemides. Ve tried to prepare the
diphenylsulfamide by heating sulfemide and diphenylamine in the molar
ratio 1:1 at 90-120°C. without solvent, with the intent of allowing the
Aiphenylsulfemide to react subsequently with diethylamine.

Unfortunately no reaction occursvwhen sulfamide end diphenylsmine
aye mixed together at 90-120°C. for three hours. Even after 3 hours heating
at 160°C. only unreacted diphenylomine and o polymeric matexrisl, due
perhaps to the polymerizetion of sulfamide, were obtained. An indirect
way to prepere N,N-diethyl-N',Ii!'-diphenylsulfamide was attempted too.
Here, we tried to prepare the diphenylsulfamylchloride intending to react the
latter with diethylamine. The mixture was then slowly poured into a flask
fitted with a reflux condenser. The mixture was heated gently and held
for 12 hours. After the removal of the excess of sulfurylchloride, the solid
material was dissolved in hot benzene and recrystellized. The white
product, after recrystallization from n-heptane, melts at 138-139°C.
A test to check the presence of sulphur in the compound geve negative
results. Microanalysisshowed the substonce to be 2, 4, 6, 2!, 4!, 6!
hexachlorodiphenylamine. According to the literature, thot compound
melts at 138-139° (10).

D. rimental

The general conditions for the preparation of tri- and tetrasubstituted
sulfemides are summarized in Toble I and Teble II, respectively. Analytical

-1
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date are given in Teble ITI and physical constant data in Teble IV.

Table I
Preparation of Trisubstituted Sulfamides

Reaction Conditions
___Moles ... Acid Temp. Tine
Eto-N-S05-C)l  Amine Acceptor Solvent _(°C,)  (Hr.)

II 0.1 0.2 Amine CHClg 70°C. 8

I 0.1 0.2 Amine CHCl, 70°C. 1

IV o- l 0- 2 Amina chla 70.00 12
Table IT

Preparotion of Tetrosubstituted Sulfamides
Reaction Conditions

Moles . held Temp. Time
Etp-N-30p-C1  Amine Acceptor  Solvemt _(°C.)  (Hr.)
v 0.1 0.2 Amine CHClz  170°C. 1
VI 0.1 0.2 Amine CHClz  70°C. 2
Vi 0.1 0.2 Anine CHCl3 0°c. 12
VIII 0.1 0.2 Amine - 70°C. 415 min.
X 0.1 0.2 Amine CRCls  70°C. 1

1. Diethylsulfamylchloride.-- Sulfurylchloride (134 g., 1.0 mole) was
placed in a three-necked flask cquipped with a mechanical stirrer, a
reflux condenser, and a smell dropping funnel. The flask was surrounded
with an ice bath, ond diethylamine (73.5 8., 1.0 mole) was asdded dropwise to
the sulfuryichloride with vigorous sgitotion. The reaction mixture wms
warned and cavefully poured into a flask, fitted with a reflux condenser.
Gentle refluxing was continued for 24 howrs. The viscous yellow material
vas cooled and washed with & dilute solution of NapCOz. The oily material
which was sepmrated was dissolved in ether and dried over CaCla. The
ether was distilled off leaving an oil.

The £insl product, obtained by meons of vacuum distillation, was a
colerless oil, b.p. 62°C./0.02 mm. Yield: 56.0 g. (35.07 based on
the cmine).
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2. K,N-diethylsulfemide.-~ Iliquid aumonis (100 ml.) was placed in
a threesnecked f£lask fitted with 2 mechanical stirrer, sn outlet tube
and a small separctory funnel, The flask was surrounded with & wath of
metbylcellosolve and " dry-ice" to keep the temperature at ~70°C.
Diethylsulfamylchioride (20 g., 0.117 mole) was added dropwise intwo
hours with vigorous agitation. The solution was stirred for two hours,
and the the flask wes kept at room temperature in crder to allow the
eveporation of the excess of liquid ammonic. The solid materisl was
dissolved in hot ether. The suspensicn was filtered end the sther
distilled off under vecuum,

The vhite crystalline ccmpound, efter two recrystellizations
from ether, melts ot LU°C. Yiedd: 9.5 g. (53.0%).

&Qo Calcd. for %HuNaOasz C, 31-57; H, 7-95; N‘ 180“1-
Found : C, 31.49; H, 7.72; N, 18.49.

3 N-diethyl-N'-butyisulfamide.-- Diethylsulfemylchloride
(17.1 g., 0.1 mleﬁ, butylemine (15.0 g., 0.2 moles), and 80 ml. of
chloroform were pleced in o flosk fitted with a reflux condenser.
The reaction mixture was held at 70°C. for 8 hours. The excess of
chloroform was then dlstilled off, and the remaining dnrk oily material
wes sheken in & separatory funnel with ether (100 ml.) and water (200 ml.).
The other layer wns driled over anhydrous CaClp and the ether distilled
off leaving a daxk olly residue.

The product, obtained aftay two vacuum distillations, wes a colorless
o1}, b.p. 87°C./0.1 mm., nge 1.4510.

Anal). Caled. for CgHaolgz028: C, 46.16; H, 9.68; N, 13.u45.
FOund: C, ""5090; E’ 9-%; N, 15.15.

b, N,N-diethyl-N'-cyclchexyloulfamide,-- Diethylsulfamylchloride

(17.1 g., 0.1 mole), cyclohexylamine (20 g., 0.2 moles), and 50 ml. of
chloroform were placed in a flask equipped with a reflux condenser. Gentle
refluxing was held at 70°C. for 1 hours. The excess of chloroform wes then
distilled off, and the dark residue was partitioned between water and ether
and shaken in a separatory funnel. The ether layer was dried over CeClp
and the ether distilled off leaving a dark oily materials.

The produet, obtained after vacuum distilletion, was a colorless,
viscous oil, b.p. 136°C./L mm. On standing the product solidified to a
erystalline mass, vhich after recrystallization from n-heptane melts at
49°C. Yield: 14.0 g. (60%).

&!&lo Caled. for CxoﬂagNgOaS: C, 51‘28; H, 9-""7; N, 110950
Fourd : C, 50.80; H, 9.40; N, 11.85.

—_—
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5. amide. -~-Diethylsulfamylchloride
(27.1 8., 0.1 mole), aniline (16.6 g., 0.2 moles), and 100 ml. of chloroform
were placed 1n_a flask fitted with a reflux éondenser. Gentle refluxing
was held at 70°C. for 12 hours. The excess of chloroform was then distilled
off, and the viscous residue was dissolved in ether and filtersd. The ether
was distilled off leaving a dark, viscous oily material.

The product, obtained after two vacuun distillations was a yellow-
orange oil, b.p. 171°C./2.5 m., n§°'5 1.5260,

Anal. Calcd. for CioH.gN20gS: C, 52.64; H, 7.06; N, 12,28,
Found: ¢, 52.48; H, 7.11; N, 11.95.

6. N,N-diethyl-N',N'-dibutylsulfamide.-- Diethylsulfamylchloride
(17.1 g., 0.1 mole), di-butylemine (25.8 g., O.2 moles), and 100 ml. of
chloreform were placed in a flask fitted with & reflux condenser. The
reaction, slightly exothermic, was complete after 1 hour with gentle
heating et 70°C. After the removal of the excess of chloroform, the dark
regidue was partitioned between ether and water by shaking in a separatory
funnel. The ether layer was dried over anhydrous CaClaz and the ether
distilled off, leaving a viscous, yellow oile

The product, obtained after two vacuum distillations, was a colorless
oil, b.p. 88°C./0.15 mm. ng-" 1.4500.

Found : C, 54.35; H, 10.34; N, 10.31.

T. N,N-diethyl-ik-morpholinesulfamide.-- Diethylsulfamylchloride
(17.1 g., 0.1 moleg , morpholine (17 g., 0.2 moles) and 50 ml. of chloroform
were placed in a flask equipped with a reflux condenser. The reaction,
initially very v igorcus, required external cooling;then gentle refluxing
was held at 70°C, for 2 hours. After the removal of the hydrochloride by
means of filtration, the excess of chloroferm was distilled off. The residue
was then partitioned between ether and water by shaking in & separatory
funnel. The ether layer was dried over Collp and the ether distilled of?f,
leaving a viscous olly materisl.

The product, obtained from vacuum distillation, was a colorless oil,
b.p. 91°C./0.15 mn., ngs‘s 1.4695. Yield: 14 g. (70%).

&&l- Cﬁlcﬁ- for CaH;aNaOaS% C, ll-}.?h; H, 8-165 N, 12.61.
Found : C, 43.13; H, §.25; N, 12.44,

8. N,N-diethyl-h-piperidinesulfamide,-- Diethylsulfamylchloride
(7.1 g., 0.1 moleg , piperidine (17 g, 0.2 moles), and 100 ml. of chloro-
form were placed in a flask fitted with & reflux condenser. The very
exothermic reaction required external cooling, and then the mixture was
held overnight at room temperature. After the removal of the hydrochloride
by means of filtration, the excess of chloroform was distilled off. The
residue was partitioned between ether and water by shaking in a separatory
funnel. The ether layer was dried over anhydrous CaClz and the ether distilled
off, leaving a viscous, oily material.

q
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" The product, obtained after vacuum distillation, was a colorless
011, b.p. 90°C./0.03 mm., n§° L4722, vYield: 4.6 g. (70%).

Anel. Caled. for CgHpole02S: €, 49.09; H, 9.15; N, 12.72.
Found : C, 48.77; H, 8.83; N, 12.84,

9. N, N-diethyl-N'-cyclohexyl'N!-methylsulfamide.-~ Diethylsulfamyl-
chloride (17.1 g., O.1 mole), cyclohexylmethylamine (22.6 g., 0.2 moles),
and 50 ml. of chloroform were placed in a flask equipped with a reflux
condenser. GCentle heating vas maintained for 1 hour while refluxing took
place. The red solution was then distilled under vacuum in order to take off
the excess of chloroform. After the removal of the solvent, the dark solid
wvas washed with esther and filtered. The ether solution was then sheken with
water in a separatory funnel and the ether layer dried cver CeClp. The
ether was distilled off, leaving & viscous, oily residue,

The product, cbtained after two vacuum distillations, was & eolorless
oil, b.p. 101-102°C. /0.2 m., ng* 1.4726.

dnal, Caled. for C1i1HpeNp0pS: C, 53.21; H, 9.Th; N, 11.28.
Tound : C, 53.L0; H, 3.78; N, 11.16.

10. N,N-diethyl-N'-phenyl-N'-methylsulfamide.-- Diethylsulfamylchloride
(17.1 g., 0.1 mole) and nethylaniline (21.6 8., 0.2 moles) were placed in a
flagk fitted with a condenser without solvent. Gentle heating was
required to start the reaction, but then it cearried on at room temperature.
The mixture was left standing for 1l hour. The s0lid was dissolved in ether
and filtered. The ether layer was dried over CaClp and the ether distilled
off leaving a yellow viscous oily residue.

The product, o‘btainedoarter two vacuum distillation, was a colorless
oil, bnpo 98000/001 . nss 115160'

Anal, Caled., for CiiHiaNa0z8: C, 54.55; H, T.49; N, 1l.56.

Found: C, 5“032; ﬂ, 7-16; N, 11.35.

11, Attempted Preparation of Diphenylsulfamylchloride.-- Sulfuryl
chloride (30 ml.) and 50 ml. of benzene were placed in & three-necked flask
equipped with a mechanical stirrer, a reflux condenser, and a small
separatory funnel. The flask was surrounded with man ice-water bath,
Diphenylamine (16.9 g., 0.1 mole), dissolved in 50 ml. of benzene, was
slovly added to the sulfuryl chloride with vigcrous agitation. The mixture
wes warned and poured into a 500 ml. flask and refluxed gently for 12
hours. It was then left stending overnight. The precipitate vhich was formed
and crystallized from benzene.

The white compound, after two recrystaliizations from n-heptane melts
at 138-129°C., but it contains no sulfur. However, the chlorination
product 2,4,6,2',2',6' hexachlorodiphenylamine is reported in Beilstein
as having & m.p. of 138-139°C,

Found : C, 38.47; 8, 1.51; N, 4.19.




l}. Discussion
_.8Synthesis of t¥i- and tetrasubstituted sulfamides via reaction of
N;N-disubstituted sulfamyl chlorides with primary and secondary amines
presents no-diffinculty when the amines are reasonsbly strougly basic.
However, reduction in basicibty, as by excessive eubstitution with aryl
groups limits the reaction. It will be profiteble, of course, to check
this generalizatich by use of additional amines of varying basidty
It is apparent that the producte are obtainable in high purity with &
minimum of experimental difficulty.

The compounds characterized are relatively high-boiling substances.
They appear to be stable in air at ordinary temperatures, but data have
not yet been obtained to indicate their thermal stebilities. That they
are insoluble in water but soluble in organic sclvents is an indication
of both their high degree of covalency and their geheral organic natures.

IV. Synthesis and Properties of N-Substituted Sulfamides
A, Introduction

With the obJect of preparing new N,N,N'-trisubstituted and N,N,N',N'-tetra-

substituted sulfamides in vhich the diethyl radical was replaced by an

heterocyclic group, reactlions of N-cyclopentamethylenesulfamyl chloride with

different aliphatic and aromatic amines have been carried out during this
synthesis program.

Tor this purpese N-cyclopentaomethylenesulfamyl chloride has been
preparcd by the standard procedure (11) as modified by Audrieth and von
Brauchitsch (12). During this investigation, ten N-substituted sulfamides
ell of pew composition of matter not reported in the litereature, have
been preparcd and characterized.

The general reaction with primary amines is represented by the
following equetion:

~CHa - Clz
HzC N >
N _N-50zC1 + 2HaN-R
CHp « CHp
0
SHg - Oz .
HaC N-S-NH-R+ [R-NHg) C1

“EHp - CHg”

Where: R = H, CaHi:~, 2~Ciofly-, Cglig~, CgHgCHa-,
Dp-CHzCgHs~, ©-CHgCgHg=-, m-CHaCgly-.

However vhen secondary or heterocyclic amines are employed the reaction
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Table IV

Properties of Tri- end Tetrasubstituted Sulfemides_

Compound
N,N-diethylsulfamide
N,N-diethyl-N*-phenylsulfamide

N,N-diethyl-N!',N!~dibutyl-
sulfamide

N,N-diethyl~-N!-cyclchexyl-
sulfamide

N,N-diethyl-l-morpholine-
sulfamide

N,N-diethyl-b-piperidine-
sulfamide

N,N-diethyl-N'-cyclohexyl-N'-
methylsulfamide

N,N-dlethyl-N!-phenyl-N'~
methylsulfamide

N, N-diethyl-N'-butylsulfamide

M.P.

B‘PI

(°c.) (°C./mn.)

Ly

k9

171/2.5
88/0.15
136/1.0
91/0.15
90/0.03
101-102/0.2

98/0.1
87/0.1

£°C.
)

1,5260

1.4500

l.4722
1.4726

1.5160
1. 4510

14

K
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proceeds as follove:

e - CH’*N 80201 + 2 A -»
SCHp - CH2” HN\R'
".-CHg - CHa 9 R + -
< >m-3-nf + [RR'NHa]" C1
CHz - CHa 3§ R

Where: R = R! is an heterocyclic group such as morpholine

R = ceH],J_‘

R'= CHa"

The following N-substituted sulfemides were prepared by this type of reaction:
I. N-cyclopentamethylenesulfamide
II. N-~cyclopentamethylene-N'cyelohexylsulfamide
III. N~cyclopentamethylene~li!-2-naphthylsulfamide
V. MN-cyclopentamethylene-N'-phenylsulfamide
V. N-cyclopentamethylene-N'benzylsulfemide
Vi. N-cyclopentamethylene-N'-p-tolylsulfamide
VII. N-cyclopentamethylene-N'-g-tolylsulfamide
VIII. N-cyclopentamethylene-N'm-tolylsulfamide
IX. N-cyclopentamethylene-4-morpholinesulfeamide
X. N-cyclopentamethylene-N'methyl-N'cyclohexylsulfamide
All of these compounds, except N-cyclopentamethylenesulfemide, were prepared
in this way. N-cyclopentamethylenesulfamide was prepared by adding drop-
wvise the pure cyclopentamethylenesulfamyl chloride to an excess of
1liquid ammonia with vigorous egitation over a period of 2 hours. After

evaporation of the excess of liquid ammonia st room temperature, the pure
product was obtained by recrystallization from normal heptane.

B. FPhysical Properties

Tri- and tetrasubstituted sulfamides are all white, crystalline
materials, except N-cyclopentamethylene-N'methyl-N'ecyclohexylsulfamide,
vhich is a colorless oil. They are fairly soluble in the gamut of organie
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organic solvents, slightly soluble in boiling water, and insoluble in
cold water. Normal heptene and ether were found to be the best solvents
for their recxystallization.

C. Attempted Preparation of Unsymmetrically Disubstituted Sulfamides

The reaction of eyyl-acysulfamyl chlorides with ammonia and amines
is reported in the literature as a general method for the preparation of
organic sulfamides (13,14,15). According to these authors, mixtures in
the molar ratio 1:3 were refluxed over & period of time, in benzene as &
solvent, to yield the correspcnding sulfamides as shown below:

CoR
N~802C1
; 0
~N — T .
| ) +38NR +( -FE-5-NER + R'NCCR + [R'NEs)C1

b

As a matter of fact, not e great deal of experimental work has been
described that would give a satisfactory explanation of the suggested
procedure, In fact only three reactions, e.g. with ammonla, diethylamine
and aniline, have been performed. The correspouding sulfemides were
obtained,

Bince no reactlons with primery aliphatic amines are reported, we
found 1t interesting to carsy out some as a possible approach to obtain
unsymmetirically disubstituted sulfamides. For this purpose we prepared
phenylacetylsulfemyl chloride (16) and then allowed the latter to reflux in
benzene over a period of time with butylamine in the molar ratic 1l:3. The
reaction takes place easily and after the removal of the hydrochloride the
comgo , which was recovered after recrystallization from ether, melted at
125°C, This corresponds to the melting point of the symmetrical disubstituted
sulfamide, e.g. N,N!'-dibutylsulfamile, and mlieroanalytical data agree for
such a coxpound.

Thus far, no further reactions have been carried out, but it seems
reasonaeble to assume that the behavior of primary aliphatic emines may net
be the same as that followed by ammonia, secondary amines, or aniline itself.

D. Experimental

The tri~ and tetrasubstituted suifamldes synthesized were prepared
by allowing cyclopentamethylenesulfamylchioride (1 mole) to react with a
primary or secondary smine (2 moles) and refluxing in benzene as solvent.
In any case an excess of amine, to react with the hydrogen chloride
relessed, wag usually used as acid acceptor. Numericsl and analyticel data
for the compounds prepared are summarized in Table V.
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1. Cyclopentamethylenesulfemylchloride. -~ To a solution of 70 g. of
sulfurylchloride (0.5 mole) in 150 ml. of toluene, cooled in an ice-salt
bath, there were added dropwise with vigorous agitation 85 g. of piperidine
(1.0 mole) at such & rate that the temperature of the reaction mikture was
maintained helow 0°C. Then 25 ml. of water was added and the mixture was
ellowed to warm at room tempersture. The toluene layer was pepsrated from
the aqueous layer and was washed successively with water, with 10% hydro-
chloric acid to remove unreacted piperidine, with sodium biesrbonate solution,
and finally egain with water. The solution wes then dried over NaaSO4.

The excess of toluene was first removed by distillation end the residue was
fractionated under reduced pressure yielding a colorless ¢il, b,p. 95°C/1
mn, Yield l&0.0 g‘ (1&0.0%).

Anal. Caled. for CsHyoNSOeCl: €, 32.71; H, 5.,49; N, 7.63
Found: C, 32.96; H, 5.55; N, 7.78

2. N-cyclopentamethylene-N'-eyelohexylsulfamide. -
Cyclopentamethylenesulfamylchloride E9.l’75 g+, 0.05 mole), cyclohexylamine
(9.9 g., 0.1 mole), and 50 ml. of benzene were placed in a flask equipped
with a reflux condenser. Gentle refluxing was maintained for 6 hours.

The hydrochloride was removed by filtration and washed with ether. The
excess of solvent was then distilled off, leaving a white residue vhich wes
recyystallized twice from n-heptene. The pure compound wes a white,
crystalline material, melting at 75°C. Yield 8.2 g. (65.0%).

Anal . Calcd. for C13HzpN»028: €, 53.64; H, 9.00; N, 1137
Fowd : ¢, 53.62; H, 8.99; N, 11.26

3. N-cyelopentamethylen:-N'~2-naphthylsulfemide. - 2-Naphthylemine

(14.31 g., 0.1 mole) dissolved in 50 ml. of benzene and cyclopentamethylene-
sulfemylchloride (9.175 g., 0.05 mole) were placed in a flagk fitted with

a reflux condenser. @entle refluxing was maintained for 12 hours. The
hydrochloride was removed by filtratlion and washed with ether. The

organic layer distilled off leaving a brown residue. This was dlssolved in
bolling ether from which on cooling e white material with melting point
115-116°C. erystallized, Yield 3.0 g. (20.0%).

Anal. Calcd. for CisH1aNz028: ©, 62,05; H, 6.25; N, 9.65
Found : C, 610813 H, 6032,’ N, 9063

4, N-cyclopentamethylenesulfamide. - Liquid ammonia {100 ml.)
was placed in a three-necked flask fitted with a mechanical stirrer,

an outlet tube and a smell separatcry funnel. The flask was

surrounded with a bath of methylcellocolve and ' dry-ice® to keep the
temperature at -70°C. Cyclopentamethylenesulfamylchloride (9.175 g.,
0.05 mole) was sdded dropwise over & two-hour pericd with vigorous
agitation. The solution was stirred for two additional hours, and then
the flask was kept at room temperature to allow evaporation of the excess
of liquid ammonia, The mixture was treated with hot ether and filtered
in order to remove the ammonium chloride. Upon cooling a white materisl
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wes. recovered which, after recrystsllization from ether, melted at

120°C. Yield 4.5 g. (55.0%).
Mnal. Celed, for CgHizN20g8: C, 26.57; H, 7.36; N, 17.06
Found: €, 36.82; H, 7.31; N, 16.88

5. N=-cyclopentemethylene-N'-phenylsulfamide. - Cyclopentamethylene-
sulfemylchloride (9.175 g., 0.05 mole), aniline (9.3 g., O.1 mole),

and 50 ml. of benzene were placed in a f£lask equipped with a refliux
condenser. The mixture was allowed to reflux for 12 hours, sfter which
time it was filtered to renove the hydrochloride, It was washed with
ether and the organic leyer distilled off, leaving a dark residue, After
two recrystallizations from p-heptane, a white, crystalline compound was
obtained, giving a sharp melting point et 83°C.

Apsl, Caled. for Cy;HigNg0pS: C, 54.98; H, 6.71; N, 11.66
Found : C, 55.18; H, 6.69; N, 11.39

6. N-cyclopentamethylene-N'-benzylsulfamide., - To 10.71 g. (0.1 mole)

of bvenzylamine in 50 ml. of benzene, 9.175 g. (0.05 mole) of cyclopentamethylene-
sulfamylchloride were added, and the mixture was refluxed gently for & hours.

The hydrochloride was separated by filtration and washed with ether. The

excess of organic solvent was distilled off leaving an organe residue which,
after recrystallization first from n-heptene and successively from ether,

gave a vhite, crystalline material with melting point 100-101°C,

Yield 5.5 8. (’42.0%).

E‘_g.l. Cnlce.- for CLP_HLBNQO.?S: C, 56067; H, 7- 13; N, 11102
Found : C, 56.71; H, 7-33; N, 11,00

7. N-cyelopentamethylene-N'-p-tolylsulfamide, - p-Toluidine (10.71 g., 0.1
mole), digsolved in 50 ml, of benzene, and cyclopentamethylenesulfamyl-
chlneite (9.17% g., 0.05 mole) were placed in & flask fitted with a reflux
condenser. Gentle heating was continued for 6 hours. The hydrochloride

wvas revoved by filtration and washed with ether. The organic layer was
distilled off, leaving & brown residue which was recrystallized twice from
n-heptane. The pure compound wes a white, crystslline material which melted
at 97-98°C. Yield 7.0 g. (55.0%)

Anal. Caled. for CigH,sNe0pS: C, 56.67; H, T.13; N, 11.02
Found: C, 56.91; H, 7.20; N, 10.94.

methylenesulfamylchloride T9.l"{5 g., 0.05 mole), methyleyclchexylamine

(11.32 g., 0.1 mole), and 50 ml. of benzene were placed in a flask equipped
with & reflux condenser. Gentle refluxing wes maintained for 12 hours.

The hydrochloride was vemoved by filtration ound washed with ether. The organic
layer wvas then distilled off, leaving a viscous oil vhich was partitioned
between water and ether and shaken in a separatory funnel. The ether layer

i
8. N-cyclopentemethylene-N'-methyl-N'-cyelohexylsulfamide. Cyclopenta- 1
I
!
|
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.vas dried over calcium chloride and the ether distilled off, leaving an

oily material. The product, obtained after vacuum distillation, was a
colorless, viscous oil, b.p. 134°C./0.5 mm, nge 1.4970. Yield 6 g. (45.0%).

Anal, Calcd. for CioHogNeOzS: C, 55.34; H, 9.29; N, 10.75.
Found: C, 55.11; H, 9.20; N, 10.L5.

9. N-tyclopentamethylene-N'-m-tolylsulfamide. - Cyclopentamethylene-
sulfamylchloride (9.175 g., 0.05 mole), m-toluidine (10.71 g., 0.1 mole),

and 50 ml. of benzene were mixed together in a flask fitted with a reflux
condenser and gentle refluxing was maintained for 12 hours. The hydrochloride
wvas separsted by filtration and washed with ether, The organic layer was
then distilled off yielding a brown residue which after two recrystallizations
from carbon tetrachloride gave a vhite, crystalline material melting at
123-124"0. Yield 900 go (7000%)0

Mnal. Calcd. for CipHygNa0s8: €, 56.67; H, 7.13; N, 11.02.
Found ¢+ C, 56.83%; H, 7.15; N, 10.7Th.

10. QN-cyclopentamethylene-N-o-tolylsulfamide. - Cyclepontamethylene-
sulfamylchloride (9.175 g., 0.05 mole) and o-toluidine (10.71 g., 0.1 mole)
were mixed together without solvent in a flask equipped with a reflux
condenser. QOentle heating was required to start the reaction, but then it
continued at room temperature. The mixture was left standing for 2 hours.
The solid ~btaired was dissolved in ether end the hydrochloride removed

by filtrstion. The ether layer was then distilled off leaving a brown
residue which, efter recrystallization from n-heptane, turned into a white,
erystalline compound that melted at 9L°C. Yield 8 g. (62.0%).

inal . Caled. for CipH1pN2028: €, 56.67; H, T.13; N, 11,02
Found ¢ €, 56.87; H, 7.11; N, 10.7h

11, I-cyeloperiamethylene-i-morpholinesulfamide. - Cyclopentamethylene-
sulfoay’ ~doride (9.175 e, 005 molei, wmorpholine (8.71 g., 0.1 mole), and
50 oh. i’ benzene were placed in & flask fitted with a reflux condenser.

The rea~tion is very exothermic and no heat was necessary at the beginning.
Then #cnble heating was continued for 6 hours. The hydrochloride was removed
by filtration and washed with ether. The organic layer was then distilled
off. leaving a brown residue which, after recrystallization from n-heptane,
turned into a vhite erystelline compound with melting point 71-72°C.

Yield 9.5 g. (8100%)0

fnal. Calcd. for CgHigNaOaS: €, 4G.1k; H, 7.74; N, 11.96
Found: €, #6,27; H, 7.70; N, 11.99

12, rhenylacetylsulfamyl chloride. - To a suspension of 25.987 g. (0.15 mole)
of potessium acetoanilide in 400 ml. of dry toluene (previously prepared

by refluxing for 12 hours a solution of 20.27 g. (0.15 mole) of the amide in
toluene with 5.86 g. (0.15 mole) of finely divided alkall metal) 20.20 g.

{0.15 mole) of sulfuryl chloride in 150 ml. of toluene was added dropwise




|
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vith vigorous egitation at such a rate that the temperature could be
maintained at «5°C. by cooling the reactibd flask with en ice-salt

bath. The £lask was theh allowed to warm at room temperatuye, and
stirring wes continued fox 2 hours. The potassium chloride was separated
by means of filtration, and the exeess of toluene was distilled off under
reduced pressure. A brown solid material was left which, after two
recrystallizations from abeolute alechol, ylelded e white, needle-shaped
compound which melted at '75-76°C. Yield 11.0 g. (33%).

Anal, Caled. for CaHaNOsC1S: €, Ll.14; H, 3.45; N, 5.99
Found: C, 41.20; H, 3.62; N, 6.03.

13. Attempted Preperation of N-phenyl-N'-butylsulfamide. FPhenylacetylsulfamyl
chloride (%.66 g., 0.02 mole), butylemine (4,38 ., 0.06 mole), and

50 ml. of benzene were mixed together in a flask fitted with a reflux
condenser. Gentle heating was continued for 6 hours. The hydrochloride

was removed by filtration and washed with ether. The orgmic layer

vas distilled off under vacuum end a brown, viscous oily material was left.
Upon being treated with water, a vhite crystalline compound was separated,
vhich, after vecrystallization from ether, melted at 125°C., This corresponds
to the melting point of N,N'-di-butylsulfamide.

Anal, Caled. for CgHpolNz0zS: C, 4G.55; H, 9.68; N, 13.u46
Found : C, 46.38; H, 9.89; N, 13,36

V. Thermel Characteristics of Tri- end Tetra-Substituted Sulfmmide

om

A Iiznld Daage

Thenretically, the liquid range of a ccmpound should be given by the
difforance between the mid-point of the melting range and the mid-point
of! t2e oiling range at one atmosphere of pressure. Unfortunately, it hes
baen “aveusihie to apply such a criterion exactly to the N-substituted
rol®nn "L praviously desciibed because all of these compounds decompose
trtoes olling at normal pressure. Consequently, it has been feasible
on.y 4 esntiimate an approximate liquid range by subtracting the mid-point
of thr melting range from the mid-point of the decomposition range.

i.

HMelting (freezing) points were determined by the cooling curve
nmethod. Volatilization (decomposition) ranges were determined by the
zeitaod of Siwoloboff (17). Experimental data, in terms of uncorrected
terperatures, are given in Table VI and VII.

B. Thermal Stebility

The thermal stability of a compound may be defined as the resistance
o the compound to decemposition brought ahout solely by thermal encrgy.
Methods of evaluating this property are purely empirical and must refer
quite arbitrarily to scme selected standards of stability end temperature.
The method used here was designed for the rapid screening of compounds (18).
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It 18 based upon the cbservation that the thermal degradstion of most
compounds involves the elimination of one or more volatile fragments.

The procedure amounts to determining the weight loss of the compound in
question after heating in an inexrt etmosphere for a specified time at &
specified tempersture. For screening purposes in this study, 0.2-0.4 g. of
the semple was heated under nitrcgen at 10 mm. positive pressure at 200°C,
(392°F.) for a period of 10 hours, and the weight loss was determined.

The epperatus used wvas a relatively simple thermsl balance, constructed
according to the suggestions of Winslow and Matyerik (19). One pan of a
semi-micro balance is replaced by & platinum wire, to the other end of
vhich & Pyrex semple container is attached. The latter is contained in
a8 gluss cell to whih nitrogen can be admitted and which can be heated.

The weight loss is then followed continuously without interrupting tie
heating.,

Experimentel data are summarized, in order of increasing thermal
stability, in Tables VI and VII. All of the compounds that showed & weight
loss less than 3.0/} after 10 hours at 392°F. have bemn classified
arbitrarily as thermelly steble, Those showing a greeter weight loss
have been termed thermally unsteble.

C. Discussion

In temms of these criteria, none of the compounds listed in Table
I and Table II is thermally stable. Although the weight loss in each
instance may be due in part to the loss of sorbed moisture, the total loss
in each case is too large for this alone, sugzesting that actual
decomposition has occurred. This 1is supported by the observation that
vhen N,N-diethyl-N',N'-dibutylsulfemide was heated at 250°C. for 10 hours,
the loss in weight increased to 35.1%. It is to be noted that all of
these compounds contain two ethyl groups or a cyelopentamethylene radical.
Of the other groups presemt, the butyl and phenyl radicels are well known
for their thermal stabilities. Compounds containing these have somewhat
enhanced stabilities, but no profound differences are noted. It is
reasouable to conclude, therefore, that the cbserved thermal instability
is due to the ethyl and cyclopentamethylene radicals.

VI. Synthesis and Properties of N,N'-Disubstitubed Sulfamides,
Ai  Introduction

The importance of preparing and studylng unsymmetrical sulfamides of
the type /(\)»
|

R-NH-S-IH-R'
(o}
vhere R and R' are different alkyl or aryl groups, has been emphasized
previously, Although much work has been reported on the symmetrically

disubstituted compounds, RNHSO-NHR, no unsymetrical compounds have been
deseribed,

]




23.

00°2t Hi€e
cL-g ¢oe
6°L 5Le
m_m;. *
€9°9 cle
029 L {49
el e
JEe | 892
8¢ *
T R ol

*0,6l~ 92 paaxasqo ses jutod BuzIaIF OF %

SPTWRITRSTAYIDTO-H ‘N

sprusFTusTAusyd- , N-TAUJaW- ,N-TAYISTO-H ‘K
spTmRITNSTAING~  N~TAYI2TP-N ‘N
spTmeFTnsaufToydIon~4-TAq3aTP-N ‘N

IPTERITNSTAROYOTILO- | N-TAYFRTP-N ‘N

SPTUBITNSTAULOW~ , N-TAXIYOTOAS~ (N-TAUISTP-I ‘N

sprmerinsTAuayd- , N-TAIaTR-N ‘N
spruegrussufprrad 1d-4-TAq3aTe-N ‘N

SPFRITRSTANGTP~ N ¢, N-TAUI_TO-N ‘N

o)

SSPIWEZINg POIIISqUS ~BIJR, PUE -4, JO SIFxadoxd

IA ST98%L




2k,

0£°59
€6°18
g6°9%
L16°16
oL gh
Lson
959
ce ey
0g°2h
82 TH
¢g -9t
9°L

€Iy

(¢) d,c6t 38 °*sau OT
Jagje SsOT MIToM

61
T2t
494
Lot
92t
00T
Lt
05t
zet
og

12148

*0,6L~ 78 POAIasqo sen qutod BuTZ33IF ONx
SPTWBITRSTAT01-0-, N-susTAqismequadoTalo-N
sprmeyrnsTAdoxdre- NN

apTweITNSTATO3-0- , K-susTLugsmequadoako-N
SPTWB ITNSTAXSUOT LD~ ; H-auaTLyjomequadoTolo-§
opTuRFTNSTLINGTP-, N ‘R

SPTIRI(NSTATO}-T- | K-2usTAqeuenadoTalo-N
sprmensTimeTe- NN

sprmeynsTAusyd-, j-austiyjamejuadorafo-N
SpTUR ITNSTAZUSG -, H-suarlyjemequadoTako-§
spTrRzINsaUsTAqjaueuadoTofo-N

spTmRITNSTAYIUdBY 2- ,N-austAujawsquadoToko-§

» ODTWBITNITAXIUOTIL0~  N-TAqRau-, N-suatiyjamsquadoTakos-N

oltT sprueFTnsauTToqdiou-4-austiAyyaumsjusdoroko-
3, ‘E PINOTI panodio)
agemrxoxddy

SOPTUBJL0S PIFNITISANS-H JO So731ad0Xd

I1A 3TqeL




25.

JThe symmetriecal compounds are easily produced elther by reactions

‘ hetiween sulfuryl chloride and amines at low temperatures in the presence of
en inert solvent (20) or by desmmonation reactions of sulfamide with
primary aliphatic and arcmetic amines. The synthesis of the unsymmetriecal
substances, on the other hend, requires the monoalkyl (aryl) sulfamyl
chlorides, RNHSO-Cl, as starting materials..

Attempts to prepare mono-substituted sulfamyl chlorides have been
generally unproductive. Secondary emines, either as such or as hydro-
chlorides, react readily with sulfuryl chloride to yield N,N-disubstituted
sulfamyl chlorides, but primary amines do not behave in this fashion.

Thus, refluxing ethyleminehydrochloride with exeess sulfuryl chleride for

48 hours, either in the presence of an inert solvent or in its sbsence, ylelds
unreacted ethylaminehydrochloride. On the other hand, treating a dilute
golution of sulfuryl chloride in an inert diluent with e primary amine in

the same diluent yields the symmetrical compound RNHSO-RNH and emine-
hydrochloride as principal products.

A survey of the literature reveals & number of attempts to synthesize
pure monoalkyl (aryl) sulfamyl chlorides. Although such compounds have
been postulated as intermediates, none has ever been isolated as such, and
the methods yleld RNHSOpNHR-type compounds. Similarly, Traube (21), by
tresting potassium N-phenyl sulfamate with phosphorus(V) chloride,
apparently obtained the suliemyl chloride only as an intermediate as

PCle CelsNHa
CgHsNHSO -3  [CgHsNHS0C 1] ———n, CeHsNHSOoNHCgHs

not isolated

Recently, it has been reported (22) that when a dialkylamidosulfinic
acid 1es reated with a stream of chlorine over a pericd of time, pure
N,N-dialkylsulfamyl chlorides result in satisfactory yields.

CCle
2 7.WA0gH + Clg ———  RpNSOaCl + RpNH.HC1 + SOa.

Taraaech a8 no date were glven for moncalkylemido ccmpounds, it has
been o ...Lerest to investigate this procedure as a possible approach to
monoalkyl (eryl) sulfamyl chlorides.

It in well known (23) that primary aliphatic and aromatic amines react
with sni%ur dioxide under anhydrcue conditions and in an inert solvent to
yield alducts, as

ether
RNHo + 502 > RiNHg.502

vhere R=alkyl or aryl group. If chlorine is passed through such a mixture
at room temperature for a period of time, an exothermic reaction occurs,
end N,N'-disubstituted sulfamides result. Although the initial purpose of
isolating N-substituted sulfamyl chlorides, wes not reallzed, this reaction
has glven a new approach to the preparation of the symmetrical sulfamides
and has cbviated the use of sulfuryl chloride.
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"It 18 reasoneble to assume ‘that the yesction involved takes place in
the following steps
ether

RNHz 4+ S0p *+  RNHa.S502 (1)

ORNHz.SOp + Cla - [RNHSO,C1] + RNHa'Cl™ + 802 (2)
not isolated

RWESOLLl + CR'NHe - RNH-SO2-NEHR' + R'NHg €1

where R=R'=Cglly, C4Hg, CgHii, CgHiy, CeHsCHpe The following compounds have
been prepared by this means:

I. N,N'-di-n-propylsulfamide
II. N,N'-di-n-butylsulfamide
III. N,N'-di-t-bubylsulfamide
V. N,N!'-di-n-smylsulfamide
V. N,N'-dicyclohexylsulfamide
VI. N,N'-dibenzylsulfamide

Aliphatie ap’nes react readily, with reactivity increasing with
inereasing basic st. + ~. Arometic esmines such as aniline and p-
toluidine are oxidized by chlorine to uncharacterized red products but yleld
no sulfamides. However, benzylamine reacts smoothly to give, in low yleld,
a vhite, crystalline product, agreeing in melting point (181-182°C.) with
that listed for N,N'-dibenzylsulfemide (24).

B. Chemical and Physical Pronerties

The aymmetricel disubstituted sulfemides are vhite, crystalline
compowivls, that are soluble in all the common organic solvents, quite
inzoluble in cold water, and only slightly socluble in boiling water. They
ara besl; recrystallized from carbon tetrachloride or benzene. Melting point
and anly%lcal data are summerized in Table VIII,

Dew 1e of the presence of two acidic hydrogen atoms, they dissolve
readily - ocueous elkeli, ylelding the corresponding alkell metal salta.

C. Exprrimaiial

The arine-sulfur dioxide adducts were obtained by treesting 0.05-mole
guanhitins ol the amines in ether solution with sulfur dioxide at 0°C. for
J-he'w parleds. The symmetrical disubstituted sulfamides were obtained by
tregiing 0,05 mole quantities of these adducts in ether solution with
enlorine gas for 2-hour periods at room temperature.

1. N,N'-di-n-propylsulfamide, Two and ninety-five hundredths grems
(0.05 mole) of n-propylamine dissolved in 100 ml. of anhydrous ether was
placed in a 3-necked flask equipped with a mechanical stirrer, a reflux

coudnser, and an inlet tube Dr sulfur dioxide or chlorine. The solution was

enelzd to 0°C. ond stirred vigorously while sulfur dioxide was passed
through it for a period of 1 hour. A white precipitate of the emine-sulfur
dioxide adduct separated. The contents of the Llask were allowed to wmrm

to room temperds ure, and chlorine was passed through the suspension for a total

of 2 hr., vhile an exothemilc reaction took place.
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' The reaction mixture was then filtered and the precipitate washed with
ether. The ether layer was concentrated under vacuum and then treated slowly
with water to precipitate the disubstituted sulfamide. The filtered and dried
crude product waes purified by recrystellization from carbon tetrachloride.

It was a white, crystalline compound, melting et 118-119°C.
Anal . Celed. for CgHyglNz028: €, 39.99; H, 8.95; N, 15.55
Pound : €, 39.92; H, 8.65; N, 15.45.

2. N,N'-di-n-butylsulfamide. - Three and sixty-five hundredths
grams (0.05 mole) of redistilled n-butylamine dissolved in 100 ml. of
anhydrous ether wms placed in & 3-necked flask fitted with a mechanical
stirrer, a reflux condenser, and an inlet tuhe for sulfur dloxide or
chlorine. Sulfur dioxlde was then passed through the vigorously stirred
solution at 0°C. for 1 hr., ylelding a white, ether-insoluble adduct. The
suspension was allowed to werm to room temperature and treated with chlorine
for 2 hours.

The reaction mixture was filtered and the precipitate extracted with
ether. The ether layer was concentreted under vacuum and treated with
weter to precipitate the crude product. The dried drude material was
purified by recrystallization from carbon tetrachloride to a white
crystalline solid melting at 125°C.

Mal. Calcd. for CaBpoNeloS: €, 46.15; H, 9.68; N, 13.46.
Found: C, 46.51; H, 9.78; N, 13.22.

3. N,N'-di-t-butylsulfemide. Three and sixty-five hundredths grams
(0.05 mole]) of redistilled t-butylamine dissolved in 100 ml. of anhjdrous
ethe» o placed in a flask equipped with a reflux condenser, a mechanical
stirrer, and an inlet tube for sulfur dioxide or chlorine. Sulfur dioxide
wvae “nn) passed through the solution for 1 hr. at 0°C. with vigorous
agiun'.iom. The resulting suspension was allowed to warm to room temperature
and t.+2%nd with chlorine for 2 hours.

2ra weartion mixture was filtered and the precipitate extracted
with evhei,  The ether leyer was concentrated under vacuum and treated
with w~iuov. The precipitated material vas recrystallized from carbon
tetyaciioride to a white crystalline solid melting at 142-143°C.

!{15;;‘3“: falod. for CBHQQNQO&S: C, héolsi H, 9.68,' N, 15|h6.
Found : €, 46.51; H, 9.78; N, 13.22

4. N,N'-di-n-smylsulfamide. - Four and thirty-five hundredths grams
(0.05 mole) of n-amylamine dissolved in 100 ml. of anhydrous ether was
riaced in a 3-necked flask fitted with a reflux condenser, a mechanical
siirrer, and an inlet tube for sulfur dioxide or chioride. Sulfur dioxide
v passed thiouph the vigorously stirred solution for 1 hr. at 0°C.
Calorine was then passed through the suspension for 2 hours at room temperature,
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The reaction mixture was filtered and the solid extracted with ether.
The ether layer was concentrated under vacuum and treated with water. The
precipitated substituted sulfemide was drled and recrystallized frem carben
tetrachloride to a white, crystalline solid melting at 127-128°C.

¢

Anal . Calcd. for CyoHpyNp0eS: C, 50.82; H, 10.24; N, 11,85.
Found : C, 50.92; H, 10.%9; N, 11.89.

5. N,N'-dicyclohexylsulfamide. - Four and ninety-five hundredths
gram (0.05 mole) of cyclohexylamine dissolved in 100 ml. of anhydrous
ether was placed in a 3-necked flask equipped with a mechanical stirrer,

a reflux condenser, and an inlet tube for sulfur dloxide or chlorine. The
vigorously stirred soluticn was treated with sulfur dioxide at 0°C. for

1 hr. The resulting suspension was then chlorinated mt room temperature
for 8 hours.

The reaction mixture was filtered and the preecipitate extracted with
ether. The ether layer was concentrated under vacuum to a volume of only
& few milliliters and treeted slowly with water with vigorous stirring.
The crude subatituted sulfanide was recrystallized Trom carbon tetrachloride
to a white, crystalline substance melting at 152-153°C.

An&l.c&lcd- for 012H24N2°283 C, 55.37; H, 9.29; N, 100760
Found: €, 55.54; H, 9.06; N, 10.61

VII. Reactions of Dialkylsulfamyl Chlorides
with Polyamines.

A« Infhyoduction

Aminolysis of dialkylsulfamyl chlorides with aliphatic, aromatic, and
heteracyelic amines to produce organie sulfamides, is decceribed in the

lteretwe. Recently it has been of interest to investigate in detail methods

o? mrihesis and both chemical and physical properties for a number of

gneh eoapsunds.  No reactions involving the use of polyamines have been

tavs far romorted, however, we found it interesting therefore, to investigate
several oither to characterize this new class of compounds from a chemicel

point o2 view or to provide a possible approach to increasing thelr thermal
stability.

Theoretically, on reacting dialkylsulfamyl chlorides with polyamines,
sulfarylation might occur on one or both nitrogon atoms of the polyamine,
leedizg consequently to mono- or di-substituted derivetives. During our
investigation, it has been possible to synthesize tweive new di-substituted
ermpounds, but even under proper oconditions, no mono-substituted derivatives
have been isolated. This suggests that perhaps sulfemylation occurs at the
fsewe rate on both nitrogen atoms of the polyamines employed.

These aminolytic reactions Ao not proceed as @8asily as in the case
in vhich aliphatic or arometic amines ere employed; the yields, averaging
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' .ca.- 45% , are also lower. A reasonable explanation of these low ylelds

and sometimes completely insoluble, in the organic solvenis; consequently
the reaction may not proceed in & stolchiometrical fashion. Secondly,

the possibility that mono-substituted derivatives might be formed as by-
products together with the desired products, even if they have not been
isolated, cannot be excluded. Perhaps because of their extreme solubllity
their recovery has not been thus far possible.

Four dialkylsulfemyl chlorides, e.g. diethyl-, dimethyl-, n-cyclo-
pentamethylene~, and n-morpholinesulfemyl chloride have been made to react
with ethylencdiamine, hexamethylenedismine, aud piperazine, respectively.
Thus far diethylenetrismine has been caused to react only with n-cyclopentas-
nmethylenesulfamyl chloride.

Because of problems of insolubitlity, & specific solvent is required
for each reaction. Thus, reactions with ethylenediamine were carried out
in ether as a solvent; with hexamethylenediemine chloroform was employed; and
finally with piperazine alcohol was found to be the most sultsble. The
reactions are excthermic and very often are complete at room temperature
over a pericd of time; in scme cases gentle heating was required for théir
completion.

For synthesin purposes, diethyl- and n- cyclopentamethylenesulfemyl
chloride were prepared in the seme manner as mentioned previously (9,12);
dimethyloulfamyl chloride was prepered by the standard procedure (25).
N-morpholinesulfamyl chloride hes never been prepared in this way. It was
known as a product of the reaction between n-morpholine chloroamine and
sulfur dioxide (22), but we vreferved to synthesize the material by
zmimlyais gf sulfuryl chloride. It is a colorless oil, which boils at

2°C. a% 0.6 mm.

Th2 genersl reaction with ethylenedismine is given as an example in
the ernstaons

I R R
2 CWILCL + 2HaN-(CHz)z-NHz * \NS()gNH(CHa)gNHSOgN:" +
o R R

+ [HgN(CHa)anHa)™ 201”
vinras
R = R! may be CHs , CoHs , CsHio (from piperidine),
CoHa0  (from morpholine)

Piperszine, hexamethylenediemine, and diethylenetriamine were employed
ac smll,

The following compounds were prepared by this type of reaction:
I. N,N'-bis(diethylsulfamido)ethylenediemine

IT. XN,N'-bis(diethylsulfamido)hexamethylenediamine
IIT. N,N'-bis(diethylsulfamido)piperazine
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IV, N,N'-bis(n-cyclopentamethylenesulfamido)ethylenediamine

V. XN,N'-bis(n-cyclopentamethylenssulfamido)hexemethylenediamnine
VI. N,N!'-bis(n-cyclcpentamethylenesulfamido)piperazine

VII. N,N'-bis(n-morpholinesulfemido)ethylenediamine
VIII. N,N'-bis(n-morpholinesulfamido)hexemethylenediamine
IX. N,N!'-bis(n-morpholinesulfamido)piperazine

X. N,N'-bis(dimethylsulfemido)hexsmethylenediamine

XI. N,N'-bis(dimethylsulfemido)piperazine

XII. XN,N'-N" -tris(n-cyclopentemethylenesulfamido)diethylenetriemine

B. Fhysical Properties

The N-substituted sulfamides here synthesized are all' white,
erystalline meterials. Their melting points sre not sharp, and sll sinter
a few degrees before they melt. They sre insoluble in cold water and
sometimes slightly soluble in bolling water but not without decomposition.
In regard to organic solvents, everyr compound behaves in & particular wey,
and to £ind a general rule 1s quite impossible. Those campounds containing
the piperazine molecule are completely insoluble, but fortunately they
can be recovered from the reaction mixture in high purity. The remaining
are fairly soluble in alcohol, chloroform, and sometimes also in ether
and carbon tetrachloride. All are insoluble in n-heptane and petroleum
ether. Alcohol, cerbon tetrachloride, and ether were found to be the
best solvents for their recrystallization.

C. Thermal Stebility and ILiquid Range

It has been emphasized previcusly that for screening purposes we
may classify arbitrarily as thermally stable all those compounds which
show a weight loss less than 3.0, when heated at a specified tempersture for
a perlod of 10 hours. According to this empirical criterion, among the
compounds here synthesized, only three are to be considered arbitrarily
as themally steble at 200°C. (32°F.). However, when the temperature wes
rain~id to 220°C. (428°F.), appreciable thermal decomposition seeme to occur.
wve . <r'th these since loss of weight increases rapidly.

Of the remaining compounds, even at 200°C., none can be cl- “sified
as thermally steble inasmuch as thermal decomposition at that temperature oeccurs.

The liquid range end thermal stability values, in terms of uncorrected
temperatures and of increasing weight loss, are listed in Table IX.

D. FXiperimental

All the compounds were prepared by mixing the two eomponents in the
molar ratlo 1l:1 in the appropriete solvent and leaving the mixture atanding
at room temperature for a period of time or refiuxing gently when necessary.
In any case an excess of polyamine was usually used as acld acceptor to
remove the hydrogen chloride released. The ylelds were calculated on the
basis of the dialkylsulfamyl chloride employed. Numerical and analytical
date for the cumpounds prepared are summerized in Table X.
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1. Dimethylsulfemyl chloride. - Dimethylemine hydrochloride (81.55 g.,
1 mol:%- and sulfuryl chloride (268 g., 2 moles) were mixed together in a
£lask fitted with & reflux condenser. Gentle refluxing was continued
for 12 howrs, after which time the evolution of hydrogen chloride ceased.
The mixture was cooled to 0°C. end treated carefilly with @ water solution
of sodium carbonate to decompose the unreacted sulfuryl chloride. The
product was then extracted with ether and the ether solution washed
several times with water and drled over caleium chloride. After the
removal of the etber, an olly material was obtained, which was purified
by means of fractional distillation. The pure ccmpound is & colorless
oil which boils at 42°C./0.6 mm.

Anal. Caled, for CpHgClNO=S: C, 16.7%; H, 4.21; N, 9.76.
Found: C, 16.76; H, 4.20; N, 9.76.

2, N-morpholinesulfamyl chloride. - To & solution of 70 g. of sulfuryl
chloride 50.5 mole) in 150 ml. of toluene, cooled in an ice-salt bath,
there were added drop-wise with vigorous agitation 87.12 g. of morpholine
(1.0 mole) st such a rate that the temperature of the reaction mixture

was maintained below 0°C. Then water was adled, and the mixture was
ellowed to wnrm to room temperaturs. The toluene leyer was separated

from the aqueous layer and was washed successively with water, with 10%
hydrochloric acid, with sodium bicarbonate solution, and finally again with
water, The solubtion was thea drlied over calcium chloride, The excess of
toluene was first removed by distillation, and the residue was purified
under reduced pressure, yielding a colorless oil, b.p. T6°C. /0¢3 mm.

Asal. Caled. Por C4HaCINGzS: C, 25.88; H, L.34; N, 7.5h.
Found H C) 25099; H, hol‘é; N, 7.50

3. N,N'-vis(diethylsulfamido)ethylenediamine, - Diethylsulfamyl

chloride (17.1 g., 0.1 mole), dissolved in 70 ml. of ether, was placed in
a three-neckesd f£lask equipped with e mechanicel stirrer, a reflux
condenser, and a small dropping funnel, Ethylenediamine (6.0 g., 0.1 mole)
wa3 added drop-wise at room temperature with agitetion. After the addition
was completed, stirring was continued for 1 hour. The mixture was then
treated with water and the ether layer separated and dried over calcium
chloride. On distilling the excess of ether, a white compound was recovered,
vhich was found to be insoluble in cold woter but very soluble in most

of the organic solvents. The pure compound, after recrystallization

£rom alechol, was 2 white, crystalline material, welting at 52°C.

Yield 8.0 g. (49%).

Anel . Caeled. for CioHagNaOgSz: C, 30.35; H, 7.93; N, 16.96.

Found : G, 36.36;,. H, T.76; N, 16.73.
h, N,N'-bis(dilethylsulfamido)hexamethylenediamine, - Diethylsulfemyl chloride
(7.1 8., 0.1 moleg and hexamethylenediamine (12.0 g., 0.1 mole) dissolved

in 100 ml. of benzene were placed in a flask equipped with a reflux condenser.
Centle refluxing was maintained for 7 hours. The hydrochloride wus removed
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by filtration and washed with benzene. The excess of solvent was then
distilled off, leaving a yellow residue vhich was purified by several
recrystallizations from carbon tetrachloride. The pure compound was &
vhite, ¢rystelline materisl, melting at 65°C. Yield 6.0 g. (31%).

Anal . Calcd. for CiuHasN40482: C, 43.50; H, 8.86; N, 14,50
Found : C, 43.2%; H, 8.52; N, 14.36

5. N,N'-bis(diethylsulfamido)piperazine. - Diethylsulfamyl chloride
(17.1 g., 0.1 mole) and piperazine (19.42 g., 0.1 mole) dissolved in 100
nl. of alechol were mixed together in a flask equipped with & reflux
condenser. 'The rcaction proceeds at room temperatuve vhile a vhite
precipitate is formed. Centle heating was meintained for 8 hours in order
to complete the reactlon. Tlhe hydrochloride was then separated by
filtration and washed with alecohol., The alecoholiec solution concentrated
under vacuim. A yellowish residue was left. It was {treated with wator
to remove traces of hydrochloride and filtered. The crude material after
recrystallization £roa ethier gave & white, crystalline compound which
melted at 107-8°C. 7Yield 7.0 g. (30.:).

Mal, Caled. for Czlizglly0s80: C, 4O.44; H, 7.92; N, 15.72

Found: C, 40.88; H, 7.73; N, 15.62.

6. N,N'-bis(n-cyclopentamethylenesulfanmidolethylenediamine.  N-
cyelopentoaetl.ylenesuliamyl chloride (9.3..75 &., 0.05 molerwas diassolved
in 30 ml. of ether and placed in a three-necked flask equipped with a
mochanical stirrer, a reflux condensey, and a small dropping funnel.
EtLylencdiamine (3.0 g., 0.05 mole) vas added drop-wise at room tempersture
with agliation. After the adiition, sitirring was continued for 2 hours.
Upon adaing waler to the clear solution, a white precipitate insoluble in
¢ther and water was formed., It was filtered, washed with water to remove
traces or hydrochloride, and dried. The compound ghowd a great
insolubility toward cold water, carbon tetrachloride, ether, and benzene.
I% +ms found to be very soluble in chloroform and alechol. After recrystalli-
zation from aleohol 1t melted ot 128-129°C. Yield 3.0 g. (3%.0 o).

Anal. Caled. for CipHpelNa0482: C, 40.67; H, T.39; N, 15.81
Found: C, 40.82; H, 7.34; N, 15.51

T« N,N'-bis(n-cyclopentamethvlenesulfamido)piperazine. - Piperazine

(9.71 g., 0.05 mole) dissolved in 80 m.. of olcohol and cyclopentamethylene~
sulfamyl chloride (9.175 g., 0.05 mole) were mi:zed together in a flask
fitted with a reflux condenser. The rewetlon sturted at room temperature
vhile e precipitate waz foimed, Gentle refluxing was then held for 2 hours.
ine precipitate was Piltered and washed with slcouol, end the aleocholie
solution concentrated under vacuum, lesving no residue. The mixture of
cumpound and hydrochloride wae then washed with cold water u@til the water
solution did not give a positive test with sillver nitrate. “he dried
prouet was found to be lnsoluble in cold water and in all the organic
soivents but fortunately could be recovered from the mixture in high purity.
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It is a vhite, crystalline material, which melts at 241-242°C. Yield
5.0 g. (487)

Anal. Caled. Tor CisHoaNg04Sz2: €, Wh.19; H, T.42; N, 14.73
Tound : C, 44.36; H, T.26; N, 1k.02.

8. N,N'-bis(n-cyclopentamethylenesulfamido)hexamethylenediamine. - Hexa~
methylenediamine 13.0 ges 0.05 moleT dissolved in 80 ml. of Lenzene and
cyclopentamenthylenesulfamyl chloride (9.175 g., 0.05 mole) were mixed
together in a flask equipred with a reflux condenser. Gentle refluxing

was meintained for I hours. The hydrochloride was removed by £iltration
and washed with benzene and the benzene layer concentrated under reduced
pressure. A yellow r=sidue wes left, vhich wos washed with water to remove
traces of hydrochloride and filtered. The crude dried product, after
seversl recrystallizations from carbon tetrachloride, ylelded a white
powder which melts at 105-106°C., sintering a Ffew degrees before melting,
Yield 5.0 g., (49%).

Anal oca-lcdo fol‘ Clel;g:.,wlg,n.ysaz C’ hsosli H, 8.35; N, 13065

Found ¢ €, 46.70; H, 8.25; N, 13,48

9. N,N'mt-tris(n-cyclopentemethylenesulfemido)diethylenetriamine, -
Diethylonetrianine (5,128 g., 0.05 mole) dissolved in 50 ml. of aleohol and
n-cyelopentamethylen sulfemyl chlocide (13.762 g., 0.075 mole) in 25 ml.

of alcohonl were mixed Logether in a flask fitted with a vellux condenser.
T"o reaeiliion sterted et room temperature asnd was exotheimic. The mixture
vn left standing for 1 hovv. Then genile refluxing was welntained for 3 hours.
h2 hydrochloride was seporuted by filtration and washed wlth alechol, and
the alecholic layer wes concentmated under vacuum, leaving a viscous

oil. Upon adding waler, the oily material was transformed into a sticky
solid, which after recrystallizetlon from alcohol gave in poor yield a
white powler wiiich melts at 129-1%0°C.

#.ele Caled. for CigHyoNeOgSa: C, 41.89; H, 7.40; N, 15.43
Found: C, ’+1.78; H; 7051; N; 150730

10. N,N'-bis(n-morpholinesulfamidolethylenediamine, -~ N-morpholine-
sulfamyl chloride (9428 g., 0.05 mole) was dlssolved in 80 ml. of ether and
plinced in & three-necked flask equisred with a mechanicel stirrer, &

vClux condenser, and a small dropping funnel. Ithylenedismine (3.0 g.,

0,05 mnle) was added drop-wise at room temperature with aglbtetion. After

the addition, stirring was prolonged for two hours. Upon edding water to

the ether solution, a white precipitate insoluble in water and ether was
formed. It was filtered, washed twith water to remove traces of hydrochloride,
and dried, The pure compound, after recrystallization from alechol, was a
erystelline material which melts at 130-131°C. Yield 3.0 g» (35%).

Found: C, 33.65; H, 6.06; N, 15.63.
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11. y_,_l\_{'-bis(n-morpholinesulfamido)hexamethylenedi.amine. ~ Hexemethylene-
dismine (0.0 g., 0.05 mole) dissnived in 8O ml. of benzone and n-
morpholinesulfemyl chloride (9.28 g., 0.05 mole) were mixed tog.e'ther ina
flask fitted with a reflux condenser. Gentle refluxing was maintained for
two hours to complete the reaction. The rrecipitate which was formed wes
separated by filtration and washed with ccld benzene. On concentrating the

benzene layer, no residue was left. The solid material, insoluble in benzene,

wag then washed several times with water to remove the hydrochloride. The
erude product, efter recrystallization from alcohol, gave a white powder
vhich melted at 119-120°C. Yield 5.0 g. (L97),

fnal. Caled. for CisHsoN4OsS2: C, 40.56; H, 7.29; N, 13.52

Found : C, 40.h0; H, 7.31; N, 13.46
12, N,q'-bis(n-morpholinesulfrmido’piperazine, - Piperazine {(S.72 4.,
0.05 mole) dissolved in 80 ml. cof alcohol and n-morpholine sulfamyl chloride
(9.28 g., 0.05 mole) wera wixed together in a flask equipped with a reflux
condenser, The wveaction took place at room temparature, and a white
precipitate was fome:  Thoe nixture was then left standing for 2 hours.
The compound, whieh was found to be insoluble in alerhol, wks separaced by
filtrotion, and the recgldue wes wasned several times with wabor to remove
the hydrochloride. The pure dried product was a white erystalline material
vhich melted at 255-256°C. Yield 5.4 g. (56%).

Aned , Caled. for CiaHagNg0:82: C, 37.49; H, 6.29; N, 1k.58.
Fornd: C, 37.70; H, 6.28; N, 1h.76

220 N, N'-bis(diyothylaulfyrdo)hexanethylenediamine. - Hexamethylene-
&ianiae (12,0 g., 0.1 mole) uissolved in 100 ml. of benzene and dimethyl-
guivanyl oalovide (14.%5 g., 0.l mole) were mixed together in & flask
Litted with a reflux ¢ondenser. The reaction, which is exothermie, started
ab room temperature, end the mixture was left standirg for 1 hour. Then
rzn=le healing was continued for 2 hours in order to complete the reaction.
e hydrochloride was vemoved by filtration and washed with benzene. The
Terveue Joyer wes concentrated under reduced pressure leaving a dark residue,
Ul crude material wos washed with woter, filtered, and dried. After
woevystallizetion frem alechol, the pure product was a white crystalline
material vhich melted at 120-121°C. Yield 10.0 g. (60%).

/nal . Caled. for CipHoglN404S2: C, 36.34; H, T7.03; N, 16.95.,
Yound: C, 36.28; I, T.94; N, 17.0h.
e N, N'-bis(dimethylsulfumido)piverarine. - Piperazine (190.4 g., 0.1 mole)

¢1sgolved in 100 ml. of slechol and dimeth:lsuifamyl chloride (14,35 g., 0.1
role) were mixed together in a flask fitted with o reflux condenser. The

weanition is exothermic and proceeds at room termperature. The mixture was then

a7 gbanding for 2 hours, after which time the precipitete was filtered and
waahed with aleohol. The compound, which 18 insoluble in salechol, wes
seorayoved from the hydrochloride by means of several treatments with cold
waser and dried. It was a white, crystalline meterisl, vhich melted at 217-
218°C. Yield 705 g (505.’)0

Anel, Caled. for CaHaoNeOsSz: C, 32.00; H, 6.71; N, 18,66
Fowmd: C, 31.09; H, 6.64; N, 18,55,

——)
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E. ' Discussion

Dialkylsulfamyl chlorides, when readted with polyomines, did not yield
products the thermal stsbilities of which were as promising s we hoped'.to
echlieve., Of the polyamines thet have been used for synthesis purposes,
piperszine produces sulfemide derivatives more stable thermally than those

obtained when ethylenediamine, hexemethylenediamine, or diethylenetriamine
are employed.

Although & great deal of effort has been expended thus far in order
t0 increase the thermal stebility of the sulfamlde molecule, no promising
results have been oblained. Perhaps the sulfur-nitrogen bond in the
molecule of gulfamide is too weak to prevent the evolution of sulfur
dioxide when sulfamide itself or its derivatives are heated sbove 200°C.
All experimental evidence points to thls conelusion.

VIII. Syn*hesis of Sedium Polysuilfides end Their Reactions
with Reactive lialogen Coupounds

A. Introduction

In the past, the wnhydrous alliali metal polysulfides have been
prepared by direct combination of the elements, either with or vithout a
solvent, ¢r by reaction of sodium hydrosulfide with sulfur in ethanol
solution {20). Ib hes now been found that solutions of sodlum hydrosulfide
Lw enhydrous liquid awsenia will react with sulfur, thus providing
¢ auher path to the synslcals of anhydrous sodium polysulfides (27).

M reaction thus yiclds the di-, tetra-, penta-, and the questionable tri-
¢ ide of sodlum.

Reaciion of soluiiore of sodium hydrosulfide and sulfur In liquid
caoznia with reactisv: halogen compounds was further investigeted as an
exsension of woik already in progress.

“n

Zs  Byrthesis of Sodium Polysulfides, - The general procedure consisted of
cordensing anhiyd»ous ummonia onto a mixture of sodium hydrosulfide and
sulrur. The distillation of the ammonla was done in a vasuum line. The
anhycrous sodium hydrosulfide was synthesized by the resction of sodium
atnoxide with hydrogen sulfide in ethanol solution.

In a typlcal reaction for the preparation of sodium disulfide,
3.5C g (0.0625 mole) of sodium hydrosnlfide wus mixed with 1.00 g.
12,0513 mole) of sulfur in an oven-dried reactlou Llask. The flask was
then evacuated to a prescure of gbout 5 '4 flushed with dry nitrogen, and then
evacuated again. This flask was cooled to -"0°C. by a bath of Dry-Ice
and methyl cellosolve. One hundred milliliters of ammonia was distilled
“hen from sodium intd the flask conteining the mixture ¢of hydrosulfide and
sl fur, When the mixture of sodlum hydrosulfide, sulfur, and ammonia was
s izved (magnetically), dis solution occurred with the formation of a deep
rol color. Upon evaporation of the ammonia and heating the residue st
150°C and S/Uprcssurc for 3 hours, purc sodium disulfide was obtained.
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The reaction conforms to the following stoichiometry:
2 Ne HS + (x-1) 8-~ Nang + HzS8
with the hydrogen sulfide actually being volatilized as emmonium hydrosulfide.

In a similar fashlon one may cbtain NezS,, NagSp; and a substance
which fives an analysis consistent with the composition Nep8z. Coumparison
of the X-ray diffraction patterns of NezSz and NasS, with that of NegSg
indicates that the NapSs is & one to one mlxture of NepSg and NagS, (26).
2. Reaction of Polysulfide Solublons with Helogen Compounds . - Methylene
chloride will react with the red solutions of NzII3 and sulfir in liquid ammonisa
to yleld vhite to light yellow powders which are insoluble in all common
gsolvents. The couposition of these materlals is variable and has been
ocbserved to range frum CHaSj;.5 to CHplz.se When warmed slightly, these
vhite powders form wibb:ry green masses having a foul odor. Sharp X-vay
diffraction petterrs inilcabe that these substances are ciyctalline in nature.

C. Discussion

The reaction of scdium hydrosulfide with sulfur in liquid armonia provides
& new convenlenl means 10w the preparation of anhydrous sodium polysulfides.
The reactions of the hydrosulfide-sulfur solutions in ammonia with methylene
chlorids and similow eouvunds onens up an interetting acea for investigation
i the @1ell of cijainle and inovganic polysuldides.

IX.  Attewnhel Tvdrowyalkylation of N-Subshit:ted Sulfemides.

Bulfemlde or iis N-ileubstituted derivatives are examples of typical
rlasses of compounia suscaptible to further alkylation on one or both
nltrogen atoms. Dlsnlacement of the two remaining hydrogen atoms ian the
Asubstituted derivaltives of sulfomide by means of hydroxyethyl groups
o8 been undav davestlsation as o probable approach %o the synthesis of N,N'-
Lok yL-N, N' ~dihydroxyciylaulfamide derivatives. Anong the several
soprocthes that theoretically misht lead to the synthesis of the desired
products, the following may be mentioncd.

(a) Reactién cf the sodium salt of N-disubstituted sulfamides with
ethylene chloridrine according to the following equation:

Na Na R R
I{I { - e
R-N-805~N-R + 2 Cl-CH,-Cl,O0H <> N-Soa-N\ + 2Nacl
- R
Ho(Clz)a (CHa ) 2OH

(b) Reaction of N-disubstituted sulfemides with ethylene oxide
es indicated by the equation:

R R
R-NH-80p-NH-R + 2 CHz - CHz = . N-802-N

No”” no(CHa)a (CHg ) 2OH
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It has been our interest, however, to achieve the same results by
using ethylene carbonete as princlpal reactent because of its known power
as an alkylating agent in meny ‘organice reactlons and to study the nature
of these interesting direct nuclepphilic substitutions, Furthermore,
ethylene cerbonate is & solld, and the reaction does not require an auto-
clave as in the case with ethylene oxide.

The reaction should proceed according to the following stoichiometry:
CHa-Clia R R
- S N-502-8
R-NH-80,-NH-R + 2 L l == 200, + . 27N\
0

A

HO(HaC)2 ( CHa)20H
0

For this purpose the dialkylsulfamide and ethylene carbonate in a molar
ratio 1:2 have Leen mixed together in the abgence of solvent and hesated
for 10 hours at 150°C, 4t that temperature the reaction starts with evolution

of carbon dioxide. Unfortunately, no definite product has been obtained as
yet.

The very viscous material vhich was left did not solidify on standing,
nor cculd it be recrystallized when dissolved in organic solvents. 4an
attampt 2% purifiecation by means of distillation under reduced pressure
rovglbed in a violent decomposition. Although seversl experiments have
“oon eacried out and the results achleved not as promising as wos expected,
i iblenal work will be carried out in the near future to elucidate this
wrozblon more nearly completely.

X. Mtiempted Polycondensation Reactions of Sulfuryl
Chloride and Polyanines

A.  Intrcduction

Generally polycondensatlon, e.g., polyamidation and polyesterification,
has been carried out in the past by means of mell polymerization. The
procedure works properly but has some limitations. Temperatures, for
example, average around or sbove 200°C. in order to pemmit remnval of the

low-moleculsr-weight products, and very often a diffiecult laboratory
nrocedure is required,

It has been found more recently that the Schotten-Bsumann reaction
of an acld chloride with a ccompound containing un active hydrogen atom can
be made the basls of a simple laboratory process, called ilnterfacial
polycondensation. Polycondensations corrled out in this way are more rapld
and can be effected in common equipment undexr ordinary experimental condltions,

In spite of the fact that the Schotten-Baumann reaction, which is run
in an aqueous system, might lead to0 the partial hydrolysis of the acid
chloride groups and inhibit the chain growth of the dedired polymers, many
polyurethanes, polysmides, polyureas, and even polysulfonemides have been
prepared by this method (28) in excellent yields and high molecular weights.
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Among the various organic and inorgenic diacid chlorides used for
the preparation of molysulfondfidés, no mention was mode to sulfuryl
chloride as a sterting materlial. We fotnd it interesting, therefore, to
attempt some polycondensation reactions by means the two-liquid-phase
process in as much es the amine-acid ehloride procedure in an orgenic
solvent containing an acid occeptor is very difficult to control and
yields hydrochloride as bty product.

Theoretically, the reaction of sulfuryl chloride with & primery diemine
should proceed according to the following stoichlometry:

interfeace
% HoN-R-NHp +y C1-80p-C1 ~— =7 ~[ NH-R-NHSO2], - + 2yHC1

An equimolar quantity of sodium hydroxide or sodium carbonate is used

in the aqueous phase as acceptof of the hydrogen chloride produced. Besides
purity, concentration of the reactants and corvect pH control of the system
ere strongly recommended for the completion of the reaction.

Mnlortunately; the several experiments thun far performed in which
ethyleusdiamine, 1,6-hexanediamine, and piperazine were used have given
no positive results. When redistilled sulfuryl chloride dissolved in
methylene chloride was slowly added to & well-stirred aqueous solution of
She pnlvamine containing sodium hydroxide or sodium earbonate,no poly-
~ondersstlon took place, bub slow hydrolysis of the dlacid chloride occurred.
7 8011d wos left on eveporating the organic layer, which excludes the
wozeivility of formation of o soluble polymer. Chloroform and cerbon
~trachloride have been used instead of methylene chloride and the molar
«ncentration of the reactants varled, but in no instance could improvements
be achieved, At the present, we must conclude that sulfuryl chloride seems
net to be a sultable substance for the interfacial polycondensation
procedure. The fact that under the sane conditions other disulfonyl
chlorides were found successful for the preparablon of high molecular
welght products lims perhaps in their lesser sensitivity in respect to
hydrolysis. As a matter of fact the best polymers were obtained when
vromatic disulfonyl chlorides weire allowed to react with aliphatic
polyamines (29). Sulfuryl chloride is too soluble in water to limit its
tendency to hydrolysie even at low temperatures.

Although the results at the present time are not at all promisings
other experiments will be carriel out in the future with speeial attention
to the pH of the system in oxrder to study further this kind of polycondensation.

XI. _Deammonation Prodvcts hetyeen Sulfamide end Polyamines

A. Introduction

Since no inorganic-organic polymers could be obtained by means of
the interfaclal polycondensation procedure, ancther approach to the
gynthesis of the desired materisls has been attempted. Sulfamide, with
two amino groups in its structure and becouse of the increased scidity of
1ts two nitrogen atomp due to the presence of the sulfone group, appears to
be an ideal material for deammonstion recctions with polyamines. As a result
of application of such & process, polymeric materiels similar to those
which could not be prepared by the Schotten-Baumann methed might be obbained.

—
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The capability of sulfamide to react with amines containing at least
one replaceeble hydrogen atom to give, with evolution of ammonia, N-
substituted derivatives 1s well known. Very few compounds of this type
are reported in the literature, however, due perhaps to the difficulty in
obtaining the starting material. Condensation reactions of sulfamide
with formaldehyde esre also reported to glve & variety of products, the course
of the reaction being relsted to the pH of the solution. In mildly acidie
(pH=4) or besic (pH=8) solutions, resins of quite low melting points were
obtained (30). Later work (31) reported that under neutral conditions
sulfamide and formaldehyde yleld a cyclic compound, pentamethylenetetramino.
sulfone, m.p.=224-225°C, Finelly, when this condensation was effected
in etrongly acidic solutions (32), tetramethylenedisulfotetramine, m.p.=225«
260°C. (decompn.), was obkained.

Among primary diemines, sulfemide is reported to react with ethylene-
diamine and formaldehyde(3) to yleld homopentamethylenetetraminosulfone,
but no reactions of sulfamide and polyamines alone have been described.

It has been our object during this period to repeat some experiments and
to carry ocut new reactions in order to elucidate the hehaviour of these
condensation reactions of sulfamice.

For this purpose, sulfamide was prepared by ammonolysis of sulfuryl
chloride in liquid ammonie according to the procedure of Coehring and
coworkers{33). Surprisingly, vhen sulfamide and formaldehyde were allowed
to rea~t in the presence of emmonium hydroxide, e.g., under alkaline
conditions, the compound was not pentamethylenetetraminosulfone as claimed
by Paquin, but rather the tetramethylenedisulfotetramine, which Hecht
and Henecka reported to have obtained in strongly acidic conditions (32).
Ou the other hand, sulfamide and ethylenediamine in the presence of
Tormaldehyde underge condensation to yield homopentamethylenetetramino-
sulfone as reported earlier by Paquin (31). On the basis of this result,
1-6-hexanediamine, piperazine, and p-phenylenediémine were tested also with
the object in view that new cyclic or linear condensation products might
be formed. These latter diamines, however, behave in a different manner
inasmuch as no cyclization or linear condensation takes place, and the
polyamine methylol derivative is the final product. If sulfamide is allowed
to react with diamines in the absence of the solvent, then deammonation
readlly oocure with the produection of N-substituted sulfemides.

Experiments were run with sulfamide in the molar ratios iil uua
2:1 with respect to 1,6-hexanediemine, ethylencdiamine, and piperazine.
The general reaction proceeds as follows:

90-100°C
HgN-R-NHz + 2HoN-S02-NHz — wemp HpN-50a2-NH-R-NH-SO2NHa + 2NHa

Piperazine and ethylenediamine when permitted to react at 90-100°C.

in admixturc with sulfamide, either in the molar ratio 1:l or 1:2,

led in any case to compounds according to the equation written above,
No further deammonation could be obtained with the addition of sodium
hydroxide as catalyst, The addition of solium hydroxide, however, must
be very small since imidodisulfamide might be produced (34).

—_—
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Hexenmesthylenediamine hehaves in a different menner toward sulfamide.
The reaction is related to the concentration of the reactants, the
temperature, end the time. In the moler ratio 1:2, 1,6-hexenddiamine and
pulfamide undergo deammonation st 80-100°C. to yield the corresponding
N,N'-disubstituted sulfamide derivative. However, in the molar ratio 1l:l
at 120°C for 6 hours , Purther deommonation takes place with the production
of s probebly linear polyuer es shown in the following equation:

120°C.
HoN-(CBz)e-NHa + HoN-S0z-NHa gp—==9 FiNH-(CHa)e-NBSO2}, + NHs

The compound is & white powder, melting at 236-2358°C. with decompn. It is
insoluble in the gamut of organic solvents and in boiling water, but is
fairly soluble in boiling DMF and DMSO. The not very sharp x-ray patierns
and the high insolubility lead us to believe that the compound is polymeric
in nature and corresponds to the structure shown above. Besides the strong
sbsorption in the 3280 em. * reglon of its infra-red spectrum, which is

characteristic of the -NH-gtretching vibretion, excludes any possibility of
cross-linking.

B. Physical Properties

The N-substituted sulfamides here synthesized are all vwhite
crystelline meterials, insoluble in most of the organic solvents, but
s1ightly soluble in hot ethanol and bolling water. Consequently, these
Two soivents were found the best for purification.

o Imerimental

1. Sulfamide. - A 2-liter, 3-necked flask, equipped with & mechaniceal
stirrer & dzopping funnel, and a vent, was cooled at-70°C. by means of a
Dry Ice-methylcellosolve bath. Scme 300 ml. of liguid ammonie was then
condensed into the flask st -TO°C. A solution, consisting of 70 ml. of
sulfuryl chloride in 500 ml. of petroleum ether (b.p. 90-110°C.) was

added dropwlse and with vigorous stirring over & pericd of 3 hours. The
flask wos then allowed to warm over night to room temperature to romove
unreacted ammonis. The ether layer was removed by vacuum distillaticn and
the product dried st room temperature. Two extractions, each with 250 mll
of ethyl acetate, were carried out. From each, white crystals resulted upon
removal of the solvent. The remaining solid was dissolved in a asglution
obtained by diluting 20 ml. of 12 M hydrochloric acid to 150 ml. vith wvater.
This solution was evaporated and the brown sollid obtained extracted with
ethyl acetate. The coubined crystals from the ethyl scetate extractions

were dissolved in bolling ethanol. Cooling pave white, crystalline sulfamide
with e P '—"92“9300'

2. Tetramethylenedisulfotetramine. ~ Four and eight-tenths greams {0.05
mole) of sulfamide, 5 g. of e 3% solution of formaldehyde, and 30 ml.

of ammonium hydroxide were mixed in a 250-ml. round flask equipped with a
reflux condenser. On refluxing, a white solld began to separate. After
12 hours, the mixture was cooled over night to room temperature. The
white precipitate was filtered, washed with cold water, and diried. It vas

gl
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found to be insoluble in most of the organic solvents and slightly
soluble in bolling water, from which it could be recrystallized as a
vhite powder with m.p. =255-260° (decompn.),

pnal, Caled. Por CoHeMa8a04: C, 23.33; H, 3.33; N, 23.33
Found : C, 24.20; H, 3.79; N, 23,62

3. Homopentamethylenetetraminosulfone. - Four and eight-tenths grams
(0.05 mole5 of sulfamide, 3.9 g. Z0.05 mole) of ethylenediamine hydrate,
and 50 ml. of Hz0 were placed in a 250-ml. round flask fitted with a
reflux condenser. To that mixture, 20 g. of a 379 solution of formalde-
hyde was edded rapidly. A white precipitate, due to the ethylenediamine-
methylol derivative, was formed immediately, The temperature was then
held at 80°C. for 4 hours, after vhich time the mixture was cooled &t
0-5°C. The insoluble material was filtered, washed several times with
cold water, and dried. It was found to be insoluble in several organic
solvents and only slightly soluble in hot ethanol and hot water.

After purification by recrystallization from water, the compound was a
white, erystalline material with m.p.2205-206°C. (decompn.).

Yield: 8.5 g. (82.5% of the theoretical).

Angl, Caled. for CgHipllgSO=: C, 35.29; H, 5.92; N, 27.hk
Found : €, 35.40; H, 5.91; N, 26.70

b, N,M'-bis(sulfamide)ethylenediemine. - Four and eight-tenths grems
0% mole) of sulfamlde and 1.5 g. (0.025 mole) of ethylenediamine were
1 ed togother without solvent in & 100-ml. round flesk fitted with a
ro:lux condenser. Upon heating at 90°C., smmonia was evolved, The
§>osk was kept at that rocm temperature for 1 hour, after whih time

tlhe mixture was cocled at room temperature. A solld material formed.

It was insoluble in organic solvents but very soluble in cold and hot
water. The purification wes very difficult . However, the pure
compound could be obtained by reerystallizetion from methanol, It was a
White, erystalline material, vhich melted at 148-150°C.

Anal, Calecd. for CzHcN¢Sa0q: €, 11.00; H=U,5; N=25.50
Found: c" 11-“); H=503,‘ N=22-03

5. N,N'-bis(sulfemido)pirerazine. - Four and eight-tenths grams (0.05 mole)
of sulfamide and 4,85 g. (0.025 mole) of piperazine hexahydrate were mixed

together without solvent in a 100-ml. round flask equipped with a reflux
condenser. The temperature was held at 90-110°C, for 3 hours by gentle
heating. After the evolution of armonia ceased, the mixture was cooled at
room temperature leaving a white solid moterial. This wes filtered, washed
sev erasl times with wvater, and finally purified by recrystallizstlon from
bolling water. The pure compound was & vwhite, crystalline material, which
melted at 241-243°C, (decompn.). Yield, 3.0 g. (49.504 of the theoretical).

_Ano-l . Calcd. for CQH12N48204; C, 19067; H‘ LI».95; N; 22.95.

Found : C, 19.69; H, 4.99; N, 22.68

—
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6.: N,N'-bis(sulfamido)hexamethylenediamine. - Two ané nine-tenths grams
(0.025 mole) of 1.6-hexanediamine and 4.0 g. (0.05 mole) of sulfamide were
mixed together without solvent in a 100-ml. flesk fitted with a condenser.
After 2 hours of gentle heating at 90-100°C., the evolution of =mmmonia
ceased. The solld which was foyrmed was cooled at room temperature,
treated with cold water, and filtercd, It was insoluble in most of the
orgenic solvents and slightly soluble in hot water and bolling ethenol.
The pure compound, afber recrystallization from ethanol, melted at 149~
152°C. Yield, 3.0 g. (50% of the theoretical).

Anal. Caled. for CgligNsSz04: €, 26.27; H, 6.61; N, 20.43.
Found : C, 26.90; H, 6.49; N, 20.05.

7. Poly(hexemethylenesulfonamide). - Four and eight-tenths grams (0.05 mole)
of sulfumide and 5.8 g. (0.05 mole) of 1,6-hexanediemine were mixed together
in the absence of solvent in a flusk fitted with a reflux condenser. The
temperature was held at 120°C. for G hours. The tough solid, which was
formed, was ground in a mortar ond reduced to a white, fine powder. It

won washed several times with cold weter to stop polymerization and then
wvith an squeous solution of hydrochloric acid, after which it tms dried.
The crule materisl was then extracted in a Soxhlet apparatus for 48 hours
with water, but no solld was recovered upon concentration of the solvent.
The residue was found to be inaoluble in the gamut of organic solvents

and in boiling water and only fairly soluble in boiling DMF and DMSO. After
roarystallization from DM, the compound was a white powder vhich melted

o 1%4.335%C, (decompn. ).

i, Cnleds for CoHigNoSOz: C, LOJ43; H, 7.92; N, 15.72.

Found: €, 39.85; H, 8.12; N, 16.46.

D. Discussion

Reactions of sulfuryl chloride upon polyamines, as an attempt to
a 7ot interfacial polycondensation, have becn shown to yleld the
Lo0rolysis of the scld chloride rather than the formation of linear
polymers. The use of sulfamide instead of sulfuryl chloride leads to a
variety of deammonation products, among which a linear poiymer could be

isolated. The latter procedure seems promising for further investlgation.

¥IXI. Reactions of Sulfemide and of N,N-Dislkylsulfamides
with Phosphorus(V. Chloride

A. Introduction

Among the various reactions thal the aquo-amiono and the ammeno sulfurie
acid derivetives undergo, that with phosphorus(V) chloride is of
particuler interest. Xirsanov (35,36 has shown recently thet both sulfemic
zeld and sulfemide, when caused to react with phophorus{V) chloride give,
ranpectively and in excellent yields, trichlorophosphazosulfonyl chloride
and bis-trichlorophosphazosulfone as main products, provided the reactions
gre carried out with highly purified starting materials.
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When sulfamide is employed, the stoilchiometry of the reaction is
glven by:

A
HoNSOeNHz + 2PClg -w—yp ClgP = NSOoN = PClg -+ LHCL

Not only does sulfamide behave in this fashion with respect to phoaphorus
pentachloride, but slso its N,N-dialkylderivatives gives the same general
reaction. In fact, Kirsanov(37) was sble to synthesize some dlalkylsmides
of trichlorophosphazosulfuric ecid by allowing the corresponding
dialkylsulfamide to react with phosphorus pentachloride in the presence
of carbon tetrachloride as a solvent. Inasmuch es the work thus far
performed in this area is little and the total information aveileble

very sketchy, it has been of interest during this period to investigate
in detail methods of synthesis end both chemical and physical properties
for & number of such compounds.

A1l the dislkylsulfamides necessery for our purposes were obtained
by ammonolysis of the corresponding sulfumyl chlorides. The dipropyl, the

dibutyl, and the morpholino derivatives are described here for the first
tine.

As Par as reactions of N,N-diclkylsulfeamides with phosphorus(V)
chloride are concerned, they can be effected by gently refluxing the two
reactants in a 1:1 mole ratioc in carbon tetrachloride as a solvent.

MY rnactions are very exothermic, and some may occur even at room
~eipevabure depending on the solubility of the dialkyl sulfamide int he
~.o-2nte Thus, with morpholine and dimethylsulfemide, it was necessary
i, heat on the steam-bath in order to start the reaction, whereas diethyl-,
s oropyl-, and dibutylsulfemide, being falrly soluble, reacted immediately
as room temperature as soon as the reactants were mixed together. The
yields of the corresponding N,N-dlalkyl-trichlorophosphazosulfcnés axe
very good {ca. 907), provided the storting materials are pure and all

the operations involving weighing and handling phosphorus (V) chloride
are performed in a dry-bhox.

The general reaction of an N,N-dialkylsulfamide with phosphoxua(V)
chloride proceeds as follows:

R

R_
JNSOpNHz + PClg - (‘\302N=PC3-5 + 2HC1
R! R

vhere: R=R', moy be CHg, CgHg, CgPrz, C4Hp, and C4HaO (from merpholine)
The follewing compounds were prepared by this type of reaction:

I. Bis-trichlorophosphezosulfone
II. N,N-dimethyl-trichlorophosphazesulione
ITI. N N-diethyl-trichlorophospha osulfone
v. N, N-diprowl—trichlorophosrhnzosulfone
V. N,N-divubyl-trichlovophosphazosulfone
VI. L\I_-morpholine-trichlorophouphazosulfone

Numerical and anslytical data for the compounds prepared are summarized in
Table XI.
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B. . Chemical and Physical Properties.

Bis-trichlorophosphazosulfone end the dialkylamides of trichlerophosphazo-
sulfuric acid here synthesized are elther high-bolling ligulds or low-
melting solids. All are very soluble in most of the organic solvents,
and those which are solids mey be purified by recrystalliization frcm carbon
tetrachloride. They react vigorously with weter, alcohol, amines, and organo-

metallic compounds. Special care must be taken in their handling because
of hygroscopicity.

C. Experimental

L. N,N-Dipropylsulfamyl Chloride - A 500-ml., 3-necked flagk, equipped
with a mechenical stirrer, a dropving funnel and a reflux condanser,

was cooled to ~10°C. by means of an ice-salt bath. Sulfuryl chleride
{134 g., 1.0 mole) was placed into the flask at -10°C. end propylamine
(50.59 g., 0.5 mole) wms added dropwise and with vigorous agitation over
a period of 3 hours. After the addition was completed, the flask was
wvarmed and the mixture poured 4dnto a £00-ml. one-necked flask fitted with
a eflux condenser. Gentle refluxing was continued for 24 hours. The
urceacted sulfuryl chloride was then slowly decomposed Ly pouring the
mixture into an agueous solution of sodium carbonate, The oil which
separated wae ewbtracted with ether. After removal of the excess of
ether, the pure compound was finslly purified by distillation under
reduced pressure. It 15 a colorless oil, b.9. 77"/1.5 mm. ng5=l.h560
Yv'ald: 60 g. (60% of the theoretical).

» . L Caled. for CgHigNO»SCL: C, 36.10; H, 7.07; N, 7.0l,
Found: €, 36.22; U, 7.02; N, 6.85.

2, N,N-Dibutylsulfamyl Chloride. Sulfuryl chloride (134 g., 1.0 mole) vas

pleced in a 500 ml., 3-necked flask, filted with a mechonlcal stirrer, a
dropping funnel and a reflux condenser. At -10°C., 64.63 g. (0.5 mole) of
dibutylamine wes added dropwise to the sulfuryl chloride with vigorous
agltation over a period of 3 hours. The flask was then wermed and the
mixture trensferred into a one-necked flask equipped with a reflux condenser.
The mixture was then gently refluxed for 24 hours. The unreacted sulfuryl
chloride was decomposed by treatment with an agueous solution of sodium
carbonate, and the resulting olly material extracted with ether. The
ether layer was dried over calcium chloride and the solvent removed under
vacuwm. The pure compound was then obtained by distillation under
reduced pressure. It is a colorless oll. b.p. 93°/1 mm, nﬁ“ = 1.4590,
Yield: 55 g. (505 of the theoretical).

Anal. Caled. for CgH,gNOaSCl: €, 42,10; if, 7.96; N, 6,15

Pound : C, o, 1, 7.82; N, 643
3« N,N-Dimethylsulfamide, - Some 200 ml. of liquid cmmonic was condensed
at «70°C. into & 500-mi., 3-necked flask, equipped with a mechanical stirrex,
a dropping fummel and a vent. Dimethylsulfamyl chloride (35.87 g., 0.25 mole)
was added in gpall portions with vigorous agitetion, and stirring was
continued for 6 hours af'ter the addition was completed. The flask was then

- |
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allowed to stand over night at room temperature to remove unreacted ammonia.
The separation of the compound Trom ammonium chloride could be accomplished
only upon prolonged extraction with benzene in a Soxhlet apparatus. On
cooling the benzene soluticn, the pure compound was cbtained as & white,
crystalline materisl. M.P. 98°C. Yield: 20 g. (65% of the theoreticel).

Found: €, 19.38; H, 6,47; N, 22.63

. N-Morpholinesulfemide = A 500-ml., 3-necked flask, equipped with a
mechanical stirrer, a dropping funnel, and a vent, was cooled at -70°C. by
means of a Dry Ice-methylcellogsolve bath. Some 250 ml. of liquid ammonie was
then condensed into the flosk. Morpholinesulfamyl chloride (46.40 g.,

0.25 mole) was addod in omall portions, afcer vhich ovluviag e contdmied
for 6 hours. The flask was then allowed to stand overnight at room
temperature in order to remove the excess of ammonia. The crude material
was trected with water to dissolve the ammonium chloride and the residue
purified by recrystallization from ethanol. The pure compound was & vhite,
erystalline material, m.p. 100=-2°C. VYield: 235 g. (55% of the theoretical).

Ana’ . Caled., for C4HyolNa0z8: C, 28.92; H, €.06; N, 16,86
Found : c, 29.05; H) 5-80; N, l7u°6o

5. N,N-Dipropylsulfemide. Scme 250 ml. of liquid ammonla was condensed at
-, into e 50C-ml. 3-nccked flaek, fitted with a mechanical stirrer, a

. plng fannel, and a vent. Dipropylsulfamyl chloride (60 g., 0.3 mole)

.~ added in smell portions with vigorous agitation, and stirring was
corzinued for 6 hours after the additlon wes completed. The excess of liquid
avoonia was allowed to evaporste by keeping the flask st room temperature.
Inesmuch as after the removal of the amnonia part of the chloride was

st1ll unreacted, an additional 200 ml. of liquid ammonla wus condensed into
the flask and the procedure repeated. The compcund was then separated from
amoniuwn chloride by extraction with ether. Upon evaporation of the ether
golution, a vwhite solid was obtailned, which was f£inally purified by
recrystallization from n-heptane. The pure compound was a white, crystalline
material, m.p. 69°C. Yield: Uub g. (85% of the theoretical).

Analo calcdo for Ceﬁ;eNgOaS: C, 39099; H’ 8.95; N, 1.5.55
Found: C, 40.10; H, 8.95; N, 15.50

6. N,N-Dibutylsulfamide. A 500-ml., %-necked £lask, equipped with a
mechanical stirrer, a dropping funnel and a vent, was ecooled at -70°C.,
and 250 ml. of liquid ammonie were condensed into it. Dibutylsulfamyl
chleride (52 g2., 0.25 mole) was then udded in small portions with vigorous
agitation. After 56 hours of stirring, the Cfiuck was allowed to stand at
room temperature in order to remove unrcacted ammonia. At this point, ancther
200 mls of liquid ammonis was condensed into the £lask, and the entire
procedure was repeated. The resldue was extracted with bolling ether and
the excess of ether removed under vacuum. The solid obtained was finally
purified by recrystallizetion from n-heptane, The pure compound melted at
70°C. Yield: 35 g. (87.5% of the theoretical).

Anal, Caled, for CgHacl2028: C, 46.15; H, 9.68; N, 13.46
Found: C, 45.91; H, 9.83%; N, 13.71

-




5.

7. ‘Bis-trichlorophosphazosulfone. Fourteen grams (0.145 mole) of dry sulfamide
and 60.60 g. (0.291 mole) of phosphorus.V) chloride were placed in a 250-
ml. one-necked flask, equipped with & reflux condenser and a phosphorus(V)
oxide drying tube., By meesns of an oll bath, gentle heating st 50-60°C. wms
meintained for 12 hours, during which time hydrogen chloride was evolved
rapidly. The temperature was then raised to 100°C. and held there for another
5 hours. The viscous liquid cbteined was heated at 130°C. under vacuum to
remove traces of unreacted phosphorus(V) chloride, The oil was dissolved
in 20 ml. of anhydrous ether, and on cooling ct 0°C., a white solid precipitated.
Because of the hygroscopic naturs of the compound, f£iltration had to bve
performed in a dry-box. The pure compound is a white, crystalline material
vhich melts at L1-42°C.

Yield: 50 g. (95% of the theoretical).

Analn. '.Jalcd.. for NaOngSCla: N, 70 61}

Found: N, 7.80

8, N,N-Dimethyl-trichlorophosphezcsilfone, Twenty grems (0.161 mole) of N,N-
dimethylsulfamide, 33.57 g. (0.161 mole) of phosphorus(V) chloride, and 100 ml.
of cerbon tetrachloride were placed in a 250-ml., one-necked flask fitted with
& reflux condenser and a drying tube. Upon gentle refluwing, hydrogen chloride
was evolved rapidly, and in 3 hours a clear, white solution was obtained.
Cooling at 0°C. gave a white pre¢ipitate. This was f£1ltered and dried. The
pure compound is & white, crystalline solid, vhich melts at T4°C.

Yield: 39 g. (937 of the theoretiesnl).

Anel o Caled. Por CoHaNaOaDPSCls: €, 9.26; I, 2.33; N, 10.80
Found. : C, 9075; H; 2073; N, 10072

9. N,N-Diethyl-trichlorophospharzosulfone. Thirty-four and forty-six

hundrethe grems (0.220 mole) of l,N-diethylsullamide, 47.16 g. (0.226 mole)

of phosphorus(V) chlorvide, and 150 ml. of carbon tetrachloride were placed in

a 250-ml., ore-necked flask fitted with a reflux condenser and a drying tube.

On heating the mixture with & steam-bath, hydrogen chloride was evolved

rapldly. After 2 hours, gas evolution ceased, and & clear solution was obtained.
The excess of solvent was removed under vacuwn, leaving a viscous olly

material. The oil was finally purified by distilied under reduced pressure.

The pure compound 1s a colorless oll, which boils at 113°C/0.25 mm. ngs =

1.5080 Yield: 55 g. (867 of the theoretical).

Anal, Caled. for CgHigln0sPS8Clg: C, 16.71; H, 3.50; N, 9.7h

Found : @, 16.0G3%; H, 3.41; N, 9.91

10. N,N-Dipropyl-trichlorophosphazosulfone Thirty-four end two-tenths

grams (0.189 mole) of N,N-dipropylsuilemide, 39.%3 g. (0.189 mole) of
phosphorus(V) chloride, and 100 ml. of carbon tetrachloride were placed in a
500-ml. round-bottomed £lask equipped with a reflux condenser and a drying tube.
The reaction takes place at room temperature with evelution of hydrogen
chloride., The gently heating on the steaw-bath was continued for 3 hours,
after which time the evolutlon of gac ceased. The excess of carbon tetra-
chloride was removed under vacuum, and the olly material which was left

was purified by distilletion under reduced pressure. The pure compound is

8 colorless oil, which boils at 113°C./0.005 mm. ngs = 1.5010 Yield: 50 g.

—=
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(83.5% of the theoretical).

Anel, Celed. for CglagNaOzPSCla: C, 22.83; H, 4.47; N, 8.87
Found : C, 22.99; H, 4.M1; N, 8.97

11, N,N-Dibutyl-trichlorophosphezosulfone . Thirty grems (O.lil mole) of N,N-
dibutylsulfamide, 30 ¢. (0.14F 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. The reaction was very
exothermic and started at room temperature. Then gentle refluxing on the
steam-bath was continued for 3 hours, after which time the reaction was
completed. The excess of carbon tetrachloride was removed under vacuum, leaving
a viscous oily material. The pure ccupound, obiained by vacuus distillation,
vas & yellow oil which boils at 140°C./0.05 mm. n§5 = 1,4952 Yield:

39.5 g. (807 of the theoretical).

pnal. Caled. for CgHygNaOpPSCls: C, 27.96; H, 5.28; N, 8,15

Found : C, 27.75; H, 5.33; N, 8.31

12, _E-Morpholine-trichlorophosphazoau1fone. Eight end three-tenths grems
(0,05 mole)of N-morpholinesulfamide, 10.41 g. (0.05 mole) of phosphorus(V)
chloride, and 50 ml. of carbon tetrachloride were placed in a 250-ml., round-
bottamed flagk fitted with a réflux condenser and a drying tube. Gentle
hee:ing on the steem-bath was continued for 3 hours, after which time the
evolution of hydrogen chloride ceased, and a clear solution was cbtained.
Upm eooling at 0°C., a white precipitete was formed; it was filtered and
d::l»d. The pure compound is & white, crystalline material, which melts at
94°C., Yield: 14 g. (93% of the theoretical).

Anal . Caled. Por C4HgNoOaP3Cla: C, 15.94; H, 2.67; N, 9.29
Found : €, 16.1h4; H, 2.76; N, 9.38

D. Discussion

The resction of sullfamide with phosphorus(V) chloride has been shown
to be a general one. Vhen it was applled to its J,N-disubstituted
derivatives, the corresponding diolkylamides of trichlorophosphazosulfurie
acid were obtained in excellent ylelds. This new family of compounds,
containing the phosphazo group, opens another interesting field in research
upon which our efforts will be concentrated in the near future.

XIII. Reactions of Bis-trichlorophosrhazosullone and of the Dialkylanides
of Trichlorophosphazosulfuric Acid with Grignard Reagents,

A,  Introduetion

The synthesis of bis-trichlorophosphazosulfone and of some dialkylamides
of trichlorophosphazosulfuric acid as products of the interaction between
sulfanide and its N,N-disubstituted derivatives with phosphorus(V) chloride,
has teen described. We also mentioned on that occasion that very fow solvolytie
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Processes had been effected with those starting materials, It has been our
cbject, therefore,to study the behaviour of these chlorides towards metal-
organic compounds and in particular toward Grignard reagents.

Since alkyl and aryl chlorides reect rather sluggishly with megnesiunm
turnings in ether to form the alkyl or aryl magnesium chloride, the
corresponding bromides were employed as beilng the most sabisfactory for this
Purpose. A small crystal of ilodine, however,must be added in order to start
the reaction, In the first part of our investigation, phenylmagnesium bromide
and p-~tolylmagnesium bromide heve been caused to react with bLils-trichloro-
phosphazosulfone, N,N-fimethyltrichlorophosphazosulfone, and N,N-diethyl-
trichlorophosphazosulfone. The N;N-dipropyl, N,N-dibutyl, and morpholino
Qerivatives were employed as well.

In every instance, complete replacement of the chlorine atoms by en
aryl group takes place rather easily when at room temperature en ether or
benzene solution of the chloride is dropped into an ether solution of a
freshly prepared Grignard reagent, followed by gentle refluxing for the
completion of the reaction.

Although no appreciable difficulty has been experienced in effecting
the copplete replacement of the chlorine atoms with phenyl and p-tolyl
froovps, the ylelds of corresponding p-tolyl derivatives were found
0 be 8lightly lower. The ditference is perhaps due to the greater solubility
of the p-tolyl compounds in several organlc solvents and consequent increase
in difficulty of crystallization, but other important factors could be
demalved as well.

Thus in order to obtain further informetion on these nucleophilic
matitutions, reactions of the mentioned chlorides with m-~tolyl-magnesium
bronide and with the ortho-Grignard compound have been under study. As we
suspected, when m-tolylmegnesium bromide is employed the nucleophilie
attack on the phosphorus atom becomes more difficult, and it 1s practically
non-existent in yielding completely substituted derivatives with the ortho
Grignard compound, Even with excess of Grignard reagent snd upon prolonged
refluxing of the reaction mixture, the ylelds of the compounds obtained
from m-tolyl-magnesium bromide were found to be very low, and no complete
substituted derivative could be isolated when o-tolylmognesium bromide was
employed.

We attribute the fallure to steric effects which may play an important
role in the inhibition of these condensation reactions. Another factor of
passible lmportence is the tendeney of the chlorides of pentavalent phosphorus
acids to form insoluble complexes with the magnesium hallide when treated with
(rignerd reagents, This tendency is of course increased by sterlc hindrance.
A typical example is shown in the reaction of phosphorus(V) oxytrichloride
vith organo-megnesium compounds, which yiclids a mixture of phosphine oxide
derivatives together with derivatives of phosphinie acid. The yleld of
the latter is increased by the use of branched alkyl or aryl groups (38,39).

This eomplexk~forming ebility of the inteimediates has been encountered
in the course of our experiments. After the reactlon was completed, product
could not be found upon eveporstion of the solvent. Furthermore, extraction of
the gumy residue with different solvents did not give positive results. The

desired compounds could only be separated upon deccmposition of tho complex
with acidic solutions.
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* This suggests the possibility that with hindered Grignard reegents, the
intermediates react with the magnesium halide to glve an ether-insoluble
camplex which then, under heterogeneous conditicns, 1s no longer capeble
of reacting with the organo-magnesiuvm compound to yleld complete suvbstitution.
Upon acidie hydrolysis, however, the complex can be broken, and phosphinic

acid derivatives of the type RolSONP(OH)Ars or KoNSO=NHAP(O)Ars can be
obtained.

This assumption is also subastantiated by the fact that such compounds are
soluble in aqueous sodium hydroxide solutions and can be reprecipitated upon
scldification at pH ca. 6. The tri-substituted derivatives, by contrast,
do not hydrolyze even in boiling aqQueous 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 prnducts wersg obtained upon
hydrolysis cf the complex with dilute hydrochloric acld or saturated ammonium
chloride. Final purification can be achieved by recrystallization of the
crude material from absolute ethanol or dlilute ethanol.

The general reaction is illustrated by the following equation:

R, R.
OMNSOQN=ECLg + 3ArMgBr SSEs Ne0aNeP(Ar)a + MgClBr
R! R'

Whamat R = RY, mey be CHa, Calis, CaHy, CaHp and CaHaO (from morpholine) end
L alg, p=CHaCaHs, m~CliaCgHy and 0-CllaCgaHy.

In the case in vhich bis-trichlorophosphazosulfone is employed, the
rioichiometry is as follows:

C1aP=NSON-EC1s + 6ArMgBr ~SHHOT, (Ar)P=NSON=P(Ar)s + 6 MgClBr
Vhere: Ar=CqHs and p-CHaCgHse
fhe follnwing compounds were propared by this type of reaction:

L. Bis-triphenylphosphazosulfone
I¥. N,M-dimethyl-triphenylphosphazosulfone
IIl. N,N-diethyl-triphenylphosphazosulfone
V. N,N-dipropyl-triphenylphcaphazosulfone
V. N,N-dibutyl-triphenyiphosphazosulfone
VI. N,N-worpholine-triphenylphosphazosulfone
VI, Bis-tri-p-tolylphosphazosulfone
VIII. MN,N-dimethyl-tri-p-tolylphospiazosulfone
I¥. N,N-diethyl-tri-p-tolylphosphea:osuifone
X. N,N-dipropyl-tri-p~teclylphosniazcsalione
XI. N,N-dibuhyl-tri-p~tolylphosphazosulfone
XII. N,N-morpholine-tri-p-tolylphoophezosulfone
AIII. N,N-dimethyl-tri-m-tolylphosphazusulfone
XIV. N,N-diethyl-tri-m-tolylphesphazosulfone
V.  N,N-morpholine-tri-m-tolylphosphazosulfone
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B. Fhysical Properties

All the compounds here synthesized are vhite, crystelline, non-
hygroscopic materials with reasonsbly high melting points. They are
inscluble in cold and Loiling weter; Iinsoluble in ether, petroleum ether,
and n-heptane; fairly soluble in hot ethanol, carbon tetrachloride, and
benzene; soluble in acetone and chloroform. Thelr purification 1s best
effected by several recrystallizations from ethanol.

The infra-red spectra of chlorcform solution shd KBr pellets show
an intense ebsorption in the 1140-1145 cm.  region, vhich is associated
with the symmetrical 5-0 vibration in the «80z- grouping. The asymmetrical
vibration, which ususlly cccurs in the 1320-1340 em. - yegion dissppears,
vhile a new strong absorption band in the 1270-1300 cm. 1718 constantly
present. We a&tribute this vibration rather than to the pure -N=Pf stretch
due to the [ -S-N=p< ] 8¥OVP The yeason for this assumption lies in the

0

fact that in all our spectra the pesks in the 1300 cm. * region are not
well resolved and present & shoulder., This would indicate that there might be
& coupling between the -802- asymmetric siretch and the pure -N=p- vibration,
thus giving rise to the strong vibration in the 1300 cm. ! regilon.

C. Thermal Stability and Liguid Renge

The thermal stabilitles of the compounds syuthesized during this
period have been evaluated according to the method described previously.
Thermal stablllity measuremants were carried out by heating in an inert
atmosple re for 10 hours at 200°C. 0.2-0.5 g. of the sample and determining
the loss of weight after that period. The compounds which gave a loss of
welght less than 0.3 per cent at that temperature, under-went further heating
at 250°C., for the same length of time, and their loss of weight was
redetermined. Experimental data, in terms of uncorrected temperatures and
of increessing weight loss, are given in Table I.

Inasmich as in our early studles on N-substituted sulfamides,
promising results in respect to thermal stability could not be achieved,
we heve attemptcd the synthesis of a new category of compounds in which
the nitrogen atoms of sulfamide and of its N-substituted derivatives are
linked to phosphorus atoms and the study of their behavior towards heat.
Furthemore, typical aryl radicals such as phenyl and p-tolyl groups, have
been placed on the phosphorus atoms by reaction with Grignard reagents.

Data from Table XII show clearly that at least at 200°C. almost all
the compounds can be considered as ctable thermmnlly since the loss of
weight ie less than or of the order of 0.? percent. Ralsing the temperature,
however, gives remarl:ably increasing weight loscea, which means that
substantial thermal decamposition taokes nlace ropidly at 250°C.

D. _Experimental

1. Shenylmagnesium Bromide - Magnesium turnings (3.648 g. 0.15 mole),
previously treated with a small cxrystal of i1odine, were placed in a well-
dried, 500-ml., Z-necked flask, fitted with & reflux condenser with a drying
tube on top and a dropping funnel. Some TO wl. of dry ether were quickly
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poured into the £lask. While the mixture was stirred magnetically,
bromobenzene (23.553 g., 0.15 mole) in 150 ml. of ether was added drop-
wise to the magnesium. After a short periocd of induction, the reaction
sterts imnediately and continues until all the megnesium is dissqlved.

2, Bis-triphenylvhosphazosulfone - Eighteen and thirty-three hundredths
grama—To. 05 mole} of bis-trichlorophosphazosulfone in 50 ml. of ether,

weye slowly added to an ether solution of phenylmagnesium bromide

(54.30 g., 0.3 mole) at room tempersture over a period of 2 hours. After
the addition was completed, gentle refluxing was continued for an
edditional 3 hours. The mixture was then cooled and slowly poured into

a flask containing crushed ice and 40 ml. of concentrated hydrochloric acid
solution. A solid, insoluble in water, scparsted immediately. It was
filtered, washed several times with water, and dried. The pure compound
was finally cobtained by extracting with benzene in a Soxhlet apparatus for

a period of 2k hours. It melted at 240-244°C. Yield: 10 g. (32.4% of the
theoretical).

AI}E..]_.- calCda for csaﬂaoNg()gSPa: C, 70'12; }I, 1&.90; N, h.5lh

Found: C, 70.54%; H, 4.98; N, 4.70.

3+ N,N-moxpholine-triphenylphosphazosulfone - Fifteen grems (0.05 mole)
o N,N-morpholinetrichlorophosphazosulfone in 200m. of benzene, were
odded in small portions to an ether solution of phenyl maghesium bromide
(27.20) 8., Q.15 mole) at room temperature over a pericd of 1 hours. The
missoce wvas allowed to stand for 3 hours, after vwhich time the excess of
:ewvene was driven off under vacuum. The residue was dissolved in bolling
cthonol, from which upon cooling, a white precipitate was formed. It was
fitsered and washed with wabter to diseolve the megnesium halide until the
;ater solution gave a negative test with silver nitrate. The residue was
purified by recrystellizetion from ethanol. The pure compound was a white

crystalline material, which melts at 181-182°C. Yield: 3 g. (29% of the
theoretical).

Anal. Caled. for CanHaoglo0aSP: C, 61.96; H, 5.43; N, 6.57.

Found: C, 61.72; H, 5.39; N, 6.39.

4. N,N- @ipropyl-triphenylphosphazosulfone = fTwenty greme (0.0563 mole)
of N,N-dipropyltrichlorophosphazosulfone in 50 ml. of ether was slowly
added to an ethar solution of phenylmegnesium bremide (36.26 g., 0.2 mole)
at roow temperature over o period of 1 hour. After the addition was
completed, gentle refluxing was continued for an additional 2 houra. The
reaction mixture was then carefully poured into g f£lask containing crushed
ice and 40 ml. of concentrated hydrochloric acid solution. The solid material
vhich separated was extracted with 1000 ml. of benzene in a separatory
funnel. The benzene layer was drled over CaClp, and the excess of solvent
vas driven off under vacuum, leaving a solid. The pure cocmpound, after two
recrystallization from ethanol, was & white, crystalline material, which
melted at 178-179.5°C. Yield: 13.40 g. (487 of the theoretical).

Anal. Caled. for CosHogNa0oSP: C, 65.43; H, 6.63; N, 6.36
Found: ¢, 65.10; H, 6.48; N, 6.58.
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S ng;ueehyl-tughengghoaphazoaulfene. Pourteen and thirty-seven
hundreths grams (0.05 mole) of N,N-dlethyltrichlorophosphazosulfone in
50 ml, of ether, was slowly added to an ether solution of phenyl-magnesium
bromide (27.19 g., 0.15 mole) et roum temperature over a period of 2 hours.
ter the addition was completed, the mixture was gently refluxed for 12
hours. The reaction mixture mes then slowly powred into a flask containing
200 g« of crushed ice and 50 ml. of 12 M. hydrochioric acid, The solid
which was separated was extracted with benzene and the organic layer
dried over calcium chloride. The excess of benzene was driven off under
vacuum and the solid, which was obtained, purified by recrystallization
from ethanol. The pure compound was a white, crystalline solid, melting at
127°C. Yield: 13.60 g. (66.0% of the theoretical).

&_‘_1_0 Calcd. for 022325N202P82 C, 6,"'.07; H, 6011; N, 6.79-
Found: C, 6%.90; H, 6.17; N, 6.89.

6. N, N-dimethyl-triphenylphosphazosulfione. fTyelve and ninety-seven
hundreths grams (0,05 mole) of N,N~-dimethyltrichlorophosphazosulfone in
150 ml. of benzene was slowly added, with stirring, to an ether solution of
phenylmagnesium brouwide (27.19 g., 0.15 mole) at room temperature. After
the addition of the chloride, gentle refluxing was held for an additional
12 hours. The mixture was then decomposed by slowly pouring it into a
flask conteining 200 g. of crushed ice and 50 ml. of 12 M. hydrochloric
acld, The solid vhich separsted was extracted with benzene and the organic
layer dried over calcium chloclde the excess of benzepe vas distilled under
reduced pressure and the solid vhich was left purified by recrystallization
from ethanol. The pure corpound was & white, crystalline material, which
melted at 156-158°C. Yield: 7.0 g. (36.8% of theory).

Ana), Calcd. for CgoHziN20gPS: C, 62.49; H, 5.50; N, 7.28
Found: €, 62.52; H, 5.33; N, 7.18

To N,N-dibutyl-triphenylphosphazosulfone. Eight and six-tenths grems
(0.025 mole) of N,N-dibutyltrichlorophosphazosulfone in 50 ml. of ether
vas slowly added to an ether solution of phenylmagnesium bremide (13.59 g.,
0.075 mole) at room tempearature. After the addition was campleted, the
mixture was atirred and gently refluxed for 12 hours. The reaction mixture
wves then poured into a flask containing 200 g. of crushed ice and 50 ml.
of 12 M. hydrochloric acid. The solid which wss separated was extracted
with benzene and the orgsnlic layer dried over calecium chloride. Upon
distillation of the excess of benzene, & sollid material was left., It was
purified by recrystallizetion from ethanol, yielding the pure compound
which melted at 149°C, Yicld: 6.0 g (51.5 of the theoretical).

Ana) , Caled, for CpgHaaNzOpP3: €, 66.6%; 4, 7.10; N, 5.98
Found: ¢, 66.76; H, 7.10; N, 6.21

8. p-tolylmagmesium Bromide, Magnesium turnings (3.648 g., 0.15 mole),
previocusly treated with a small erystal of lcdine, were placed in a well-
dried, 500-ml., 3-necked flask, equipped with a reflux condenser, with a drying
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tibe on top, and & dropping fummel. Some TO ml. of dry ether was placed in
the flegk. While the mixture was stirred magnetically, p~bromotoluene
(25.65 g., 0.15 mole) in 150 ml. of ether was added drop-wise to the
magnesium. After a short heating to overcome the period of induction,

the reaction starts and proceeds smoothly until all the megnesium is
dissolved.

9. N,N-dibutyl-tri-p-tolylphosphazosuifone. Eight and six-tenths grams
(0.025 mole) of N,N-dibutyltrichlorophosphazosulfone in 50 ml. of ether

was added at small portions to a well-stirred solution of p-tolylmagnesium
bromide (14.64 g., 0.075 mole) at room tempersture. After the addition of
the chloride, the mixture was stirred and refluxed for 12 hours. The
reaction mixture was then decomposed by pouring it intc a flask containing
200 g. of crushed ice end 50 ml. of 12 M hydrogen chloride. The solid which
separated, wes extracted with benzene and the oiganic layer dried over
calcium chloride. After the removal of the excess of solvent, the solid
meterial which was left was purified by recrystallization frcm ethanol.

The pure compound woe & vhi%e, crystalline solid, that melted et 155°C.
Yield: 6.0 g. (48.03 of thaory).

Ansl. Caled. for CaplagNa0.+5: C, 68.21; H, T.70; N, 5.48
Found ¢ C, 68.34; H, 7.59; N, 5,55

10, N, N-dimethyl-t»d-p-tolylphaephazosulfone. Tyelve and ninety-seven
Innd-cchs grams (0.05 mole, of N, N-dimethyltrichloroghosphazosulfone in

150 mi. of benzene wis sleywty &.¢d to an ether solution of p-tolyl
magnasium bromide (29.29 g., 0.15 mole) at room temperature with stirring.
Altex the addition was completed, the reaction mixture was gently refluxed
for 12 hours. The mixture was then slowly poured into a flask contalning
200 g. of ecrushed ice and 50 ml. of 12 M hydrochloric acid. The solid which
separated was extracted with benzene and the benzene layer dried over
calcium chloride. The excess of solvent was removed under reduced pressure,
and the crude product vhich was left wos purified by recrystallizationfrom
ethanol. The pure compounl was a white, crystalline material which melted
ot 196°C. Yield: GuM5 go (30.0% of the theorctical).

Mnel. Calcd. for CpgHopNg0oDPS: C, 64.77; H, 6.38; N, 6.56
Pound : C, 64.G8; H, 6.43; N, 6.26

11. Bis-tri-p-tolylninosphazosullone. Nine aud sixteen-hundreths grams

(0.025 mole) of bie-uclehar .Gf)ﬁ&phazosulfone in 30 ml. of ether ims

slovly added to an clller solution of p-tolylmignesium bremide (29.29 g.,
0.5 mole) at room tempercture over a period of 2 hours., After the

addition was completed, gentle refluving was continued for an edditional

i2 hours. The mixture was then cooled and slowly poured into a flask
containing crushed ice and 50 ml. of 12 M poured into a flssk containing
crushed ice and 50 ml. of 12 M hydrochloric acid solution. A solid,
incoluble in water, sepurated. It was extracted with benzene and the
benzene Layer dried over caleium chloride. After the removal of the solvent,
the solid which was left was purified by several recrystallizations from

e
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‘ etha‘ho}. The pure compound melted at 226°C., Yield: 5.0 g. (29.4% of
thﬁbry . .

dnal, Caled. for CeoM,oNaOoPaS: C, 72.02; H, £.0h; N, b0
Found : C, TL.T9; H, 6.10; N, 3.9%4.

1o, N!N-d:lpropyl-'bri-;giolylphosphnmsulfone. Fifteen and seventy-eight
hundreths grems (0.05 mole) of N,N-dipropyltrichlorophosphazosulfone in

50 ml. of ether were slowly added to an ether solution of r-tolylmagnesium
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 crude compound was then obtalned by pouring the reaction
mixture into a f£lask containing 200 g. of crushed ice and 50 ml. of 12 M.
hydrochloric acid. The svlid which separated wes extracted with benzene
and the orgamlc layer dried over calcium chloride. After the removal of
the excess of benzene by distillation under vacuum, the solid was

purified by recrystallization from ethanol. The pure compound was a vhite,
erystalline maierial, . melting at 175°C. Vield: 9.6 g. (40% of theory).

Anel. Caled. for Cayll:NaOztw: C, 87.19; H, T.31; N, 5.80
Tound: C, 66.99; H, 7.30; N, 5.93

13. K,N-morpholine. ~tri-p-tolylphosphazosulfone. Seven and five-tenths
gramn (0,025 meia) oih not swilinetrichlorophosphazosulfene in 80 ml. of
benume were aldnd al ~.wll porctisns to an ether solution of p-tolyl-
mogny:aium bromide (14, Lo ge; NG mole) at room temperature with stirring.
Toe aixiure wap then ¢onbly »2fluxed for 12 hours efier the addition was
corp.eteds.  The reaction product waes poured into a flask containing

207, gr. of crushed ice and 50 ml. of 12 M. hydrochlorle acid, frem vhich a
enlld separated. It wos extracted with benzene and the organic layer

dried over calcium chloride. The solld which was left after removal of the
solvent was purified by recrystallization from ethunol, eni the pure compound

wea a vhite, crystalline material melting at 120°C. Yield: 2.3 g
(20.07 of theory).

Ana). Caled. for CosHogNaCaP3: C, 64.00; H, 6.24; N, 5.98
Found : C, 64.36; H, 6.26; N, 5.91

M. NN dimethyl-trl-m-to]\' .phogphazosulfone. Six end fourty-eight

undrathe grems {6:0248 ol of N, u~d1methyltr1ch1orophorphazosulfone in
L2 ol of benzene vag sLov.y zdded to an ether solulion of m-tolylmagnesium
viviride (194535 ge, 0.1 mole) ab room temperature with stirring.  After

tha oddition was completed, the reaction mixture was gently refluxed for

£h hoors. The excess of Grignard was decompcsed by addition of 100 ml.

of & naturated agucous solutlon of ammonium chloride. The compound was then
cexiracted with benzene. The orgenic layer was dried over calcium chloride
and the excess of solvent removed by distillation under vacuum. The crude
prodnet which was left was finelly purified by several recrystellizations
£rox ethancl. The pure compound cobtained in en. 107 yleld, was a white,
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. erystalline solid vhich melted at 158-9°C.

Anal. Caled. for CoglprNa20-PS: C, 64.77; H, 6.38; N, 6.56
Found : C, 64,G1; H, 6.45; N, 6.31

15. N, N-morpholine-tri-m-tolylphosphazosulfone. Seven and five-tenths
grame (0.025 mole) of N,N-morpholinetrichlorophosphazosulfene in 100 ml. of
‘benzene was added at sirall portions to an ether solution of m-tolylmagnesium
bromide (19.53 g., 0.1 mole) at room temperature with stirring. ‘The mixture
ves then refluxed for an sadditional 24 hrs. after the sddition was completed.
The reaction rroduct was poured into a flask containing 200 gr. of

crushed ice and 50 il. of 12 M hydrochloric scid. The product wes extracted
vith benzene and the benzen= layer dried over calcium chloride. The

solid which was left after the removal of the solveut was washed with an
aqueous solution of sodium hydroxide, dried, and finally purified by
recrystallization from dilute ethancl. The pure compound was & white,
crystalline material melting at 125-125°C. obtained in ca. 10% yield.

Found: ©C, 64.93; H, 6.4k4; N, 6.10

16 . Attempted Preperstion of N;N-morpholine-tri-o-tolylphosphazosulfone.
Seven and five~tenths grams of Ii,N-morpholinetrichlorophosphazosulfone in
100 ml. of benzenc was slowly added at room temperatuve to o well-stirred
ether solution of go-tolylmegnesium bromide (19.53 g., O.1 mole). GCentle
refluxing was mnintained for 24 hours after the addition was completed.

The excess of Griprard reagent was decomposed by pouring the reaction
nixture into & {lask containing 200 gr. of crushed ice end 50 ml. of 12 M
hyvdroehlorie acid. The solid which separated was extracted with 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
from ethanol. The compound which was obtained, gave m.p. 173%-174°C.

and microenelysis agrees fairly good for the disubstituted phosphinic
acid dexrivative,

Mmal. Caled. for CigHagla04PS: C, 54.81; B, 5.87; N, 7.10
Found: €, 56.32; H, 5.87; N, T.45

E, Diecussion

It has been shown during this investigation that both bis-trichloro-
rhosphazosulfone and the dialkylemides of trichlorophosphazosulfuric acid,
uvadergo complete arylation when caused 1o react with phenylmegnesium bromide
with the production of a new class of ccmpounds never described previously.

With p-tolylmagnesium bromide complete substitution is still possible
although the final products are recovered in lover yields. Besides, the
broad melting points of the crude materials and the fact that they can be
obLained in high purity only after several recrystallizations from ethanol
lead us 0 believe that paxtislly substituted compounds are cbtained as by-products.

- |
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Whan m- and o-tolylmagnesium bromides are employed, steric hindrance becomes
most epparent. The ylelds of the m-compounds are quite low and those of
the g-compounds practically non-existent.

XIV. Synthesis of Trichlorophosphazosulfonyl Chloride
A, Introduction

The reaction of sulfamic acid with phosphorus(V) chloride was first
investigated by Ephreim and Gurewitsch (40), who hoped to secure the unknown
sulfamyl chloride accordilng to the followlng reaction:

NEA80.0H + P15 > NHa80C1 + POCls

Inasmuch as puve sulfamyl chloride was never isolated from the reaction
mixture, the authors concinled that sulfemic acld reacted with two
molecules of phosphorus pontachloride, the second molecule of phosphorus
pentachloride decomposify; snto chlorine and phosphorus trichloride and
the latter thon comblning with the sulfamyl chloride to form a stable

hinary compounl ci' Lhe esnula C1SU-NIR.PCls. The reaction then had to proceed
aczording to tha Pfollowing stolchiometry:

NHzSOz0H 4+ 2PCly - HCL + POCls + Cl» + C1S0oNHz.BCla

For many years it has been common belief that that was the final product

valch one can ohtain. Rnenntly, however, Kireanov (41) proved that the
product of the internrtlon beluzen sulfamic acid and phosphorus pentachloride
is actuvally alhogether differcut, He noted that only hydrogen chloride

and noh calorine s svolved 1u the courae of the reaction and that the
raachion prodnel i 20v & darlk-orown liquid which does not recrystallize

&7 claimed Ly Fparaisn and Guoevibsch, but rather a transparent liguid vhieh
goiehly solldifices to o vhite erystalline mess after the removal of the phoa-
phorvug oxyehloride. The final produet proved to be a definite compound,i.e, *
vrichlcrophosphazosulfonyl chloride, which is formed according 4o the Tollowing
equation:

NE280,0H + 2 PClg = ClUSO0pN=PCls + POCls + 3 HC1l

Since trichlorophosphazosulfonyl chloride when slowly heated under
vecuum undergocs an interesting decomposition to yield two isomers of
sulfenurie chloride, 1t has been of interest during this synthesis period
to prepare some of this material as a uscful intermediate for our future
syntheais of sulfanuric ehloride, For this purpose, the Kirsancv procedure
has been found reliable and to give the product in a 75,0% yield. The
synthecis is achlieved by allowing dricd sulfamic acid to react with
pulverized phosphorus(V) ehloride in the mole retio 1:2 either in the
arasence of a little carbon tetrachloride as a solvent or in the absence of

3nJvent. For betier results, however, it is advisable always to carry out
the reaction with a slight excess of sulfamic acid.

Upon heating at 80°-90°C by means of an oll bath, the mixture liquefies
readlly with rapid evolution of hydrogen chloride and after 24 hours the
rescticn can be considzred completed.  After removel of the excess of
warreacted sulfamic acid by filtration, the solvent and the phosphorus
oxytrichloride are distilled off under reduced pressure. The remaining liquid
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. erystallizes quickly when chilled, glving a white solid mass saturated with

liquid. The precipitate ls filtered and pressed down in a dry-box. The
melting point is 32-33°C.

B. Fhysical Properties

Tylchlorophosphazosulfonyl chloride, like the parent bis-trichloro-
phosphazosulione, is a very reactive and highly hygroscopic meteriel. For
thls reason special precsutions must be used in its handling. Filtration
of the crude product must be performed in a dry-box, and the use of a
sintered glass fumnel is recommended. If a filter paper 1s used and seme
molsture 1s pregent, hyd:olysis tekes place readlly with enocugh hest to
cause the paper to burn. JIonsequently trichlorophosphazosulfonyl chloride
mst be hendled with care in the presence of all substances containing
hyiroxy-groups.

e

Pure trichlorophosphazosulfonyl chloride la a white, crystalline material
vhich shows & m.p. of %2-%%°C. It is insoluble in water and fairly soluble
1a et of the organic scoilvents, It is usuelly bbtained in reasonable
ity direetly from the reaction mixture so that purification is often
noh nocensary. However, purifi'ication by reerystallization from petroleun
ether (b.p. 110°C.) can be achieved, provided such operation is performed
in a dry-box and the solvent has been previously tieated with concentrated
sulfuric acld in order to remove all the unsaturzted hydroearbons.

C. Tuparimentsl

ta  Ixichlorophosnhazgsuiionvl Chloride. Fourty-eight and fifty-four

hindreths grams (0.5 mole) ol ¢ry and pulverized sulfamic seid, 208.31 g.
1,0 mole) of phosphorus(V) chloride, and 50 ml. of carbon tetrachloride
vere placed in a 500-ml., one-necked flask equipped with & reflux ccndenser
and e drying tube. All operetions, including welghing of the reactants,vere
performed in a dry-box. By meens of an oil bath, heating at 90-100°C,

ves maintained for ea. 24 hours, after whieh tiue the evolution of hydrogen
cliloride ceaced. The volatile roducts were removed by vacuum distillation
end the remeining clear, viscous oll cooled at 0°C, White crystals started
to precipitete immediately. The pre¢ipitate was filtered and pressed out
in a dry-box at 0°C. Upon chilling the filtrate, more crysitalline material
settled domn. It was filtered and pressed out, and the two precipitates
were combined. The pure trichlorophosphazosulfonyl chloride is a white,
crystalline material, which melts st 33-35°C. However, should the materisl
melt at 23-25°C., purification by recrystallization from petroleum ether
(b-p. 90°C.) 18 recommended. Yield 178.0 (709 of theory).

Anal. Caled. for NOZPSCly: N, 5.58

Found : N, 5.52

D. Attempted Preparation of ‘Iribremophcsrhazosulfonyl Bremide

Although both trichlorophosphazosulfonyl ehloride and sulfanuric chloride
have been successfully synthesized, the corresponding bromo derivetives
are at the present time unknown
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.+ We have approached the synthesis of tribromophosphazosulfonyl bromide

by allowing sulfamic acld to react with phosphorus(III) bromide and bromine,
hoping that the reaction would follow the trend noted with sulfemic ecid and
vhosphorus(V) chloride. Little success , however, has been achieved, since
thus far in our experiments reaction seems not to occur, and unreacted sulfamic
acid has been recovered in stoichiometrieal gusntity.

Experiments were run either in carbon tetrachloride or in ge
tetrachlorocthane as solvents. Vhen sulfamic acid and phosphorus tri-
bromlde in the more ratio 1:2 were allowed to react in the presence of
carbon tetrachloride and an excess of bromire for two days at 90°C.,
unreacted sulfemic acid and phosphorus pentabromide were recovered upon
sublimation, Indicating that no interaction actually did occur. Neither
was reaction ncted using s-tetrachlorcethane as a solvent and r#fluxing
the reactants in the seme mole ratios at 120°C. for one week., Upon

distillation, bromine and phosphiorus tribromide were obtained, the residue
being constituted by unreacted sulfemic acid.

XV. Synthesis of Sulfanurie Chloride by Thermal Cleavage
of Trichlorophosrhazosuifonvl Chloride

A¢  Introduction

It is well known that in the ammonclysis of sulfuryl chloride either
with gaseous or liquid sumonis, other deammonation products such as
imidoussulfamide and sulfimide are produced, in addition to sulfamide
as a main product. Even though sulfimide, vecause of its instability could
not be isolated as such, Traube (L42) assumed he had secured the correspondent
silver salt. The silver salt of sulfimide was also believed to have been

obtained by Traube (L2) from the products of the thermal decomposition of
sulfemide.

It was only later (43) that it was shown that Traube's salts were
actually salts of a trimer of sulfimide, e.g. salts of trisulfimide. All
the attempts to isolate the hydrogen compound, howaver, have so far
falled, thus suggesting that trisulfimide, like sulfimide, must be & very *
unstable compound. Recently, a tetrameric form of sulfimide as a silver
salt, as well as a methyl derivative, have been obtained by Appel and

Goehring(4l) by allowing ammonia to react with excess sulfur trioxide in
nitromethane solution.

All of this indicetes that moncmeric sulfimide, if it is formed, must

be very unstable and must readily stebilize itself by forming six and eight-
menbered rings.

During our study on the sulfur-nitropen pystem, it has been of
interest to investigate a sulfur-nitrogen ring compound of relative
stebility, and sulfanuric chloride has been chiosen bDecause of its potential
and interesting properties. Again it should Le pointed out that, although
gulfanurie chloride is readlly accessible, the corresponding scid, i.e.,
sulfanuric acid, hes not’ been isoleted. This 13 neither surp:rising nor
unexpected since we may regard sulfenuric scid as an isomer of trimeric sulfimide.

|
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'mlae two materials can in fact ve considered to exlst in the twe tautomeric
forms

87
P 9’5 o
¥ T = o 17 V¥ o
! = >~ -2
N [
H

and the acid, like trisulfimide cannot be isolated as the hydrogen compourd
1tself.

This 1s furtherly substantiated by the fact that hydrolysis of
sulfanuric chloride leads to sulfanuric acid oaly es an unstable intermediste

with imidodisulfamide, sulfuric acid, and hydrcchloric acid being the
f£inal products (45).

[N=8(0)CL]s + 5H20 =+ [N=S(O)CH]s - HpSO04+3HCL+(HaNS0)2NH
unstoble

Sulfanuric chloride on the other hend, is quite a stable material. The

synthesis of this compound can be acccmplished by any of the following
procedures:

1. Reaction of sulfumie acid with phosphorus(Vv) chloride and
thermal decomposition of the product (L6,47).

HO-80aNHz + 2 PClg 2 N782.5 3401 4 OBCly + CL-SON=PClg
90-95°C.

3 C1-80gN=PCls —B_ _ 3P0C15 + [C1-3(0)N]a

2. Reaction of e mixture of sulfuryl chiloride and thionyl chloride
with gaseous ammonia (48). The sulfanuric chloride is obtained by
sublimation of the reaction products under vacuum.

3. Oxidation of thiazyl chloride with sulfur trioxide (49).
[N=SClls + 805 + [N=8(0)Clla + 80z

Of the three procedures eveilable, the thexrmal decomposition of
trichlorophosphazosulfonyl chloride is the one whieh gives the most
satisfactory synthesis of sulfanurie chloride. Turthermore, two lsomers,
the A and 3-forms , can be cbtalned. Goehring's procedure, which involves
the reaction of a mixture of sulfuryl chloride ond thionyl chloride in the
molaer ratio 2:1 with gaseous ammonia at -80°C., ylelds, anong other deammonation
products, only the A form of sulfanuric chloride and that in low yield.
The method involving the oxidation of thiszyl chiloride (trimer) with
sulfur trioxide does not seem very practicable because of the difficultdes
wiilch one would encounter in the preparstion of the thiazyl chloride.
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Trichlorophosphazosulfonyl chloride, on the other hand, can be
regdily prepaxed in 75.07 yield by the reaction of sulfanic acid with
phosphoius(V) chloride. Upon heating the chloride at 120-140°C at & pressure
of ca. 5 m. for 3 hours vhile & stream of dry alr is slowly passed
through the substance, phosphorus oxytilchloride is released almosh
quantitatively, and the residue consists mainly of a mixture of lecmera
of sulfanuric chloride, Two substances (:/ and {3 )weve isolated from
the reactlon product, and at leust three more subshances are belleved to be
present although they have not been isolated yet.

Inasmuch as the recovery of phosphorus oxytrichloride is almost
quantitative and thz ylelds of the two isomers sre quitc low (24.0% for
the 2 £rm and 18.0f for the B) in comparison to the overall yield, it is
reesonsble to assune thet mononmerice sulfanuric chloride can undergo
further transfarmebions, polymerization, in'particular.

. C1
. TN
N=8(0)C1 ——s [N=8(0)C1l]s + [-S=N-]n
0.

Substancesrf_ and B contain no hydrogen or phosphorus, the foirmula being
N38(0)C1l, and theif moleculor wigutl being equivalent to [N=8(0)Clla.

'The materials appear to posgess a ring structure with either
alternating single and double bonds behveen nltrogen and sulfur atoms, or
with alternoting positive sulfur atome and negative nitrogen atoms as:

hY
0\\‘8 /.-Cl :0 \(g)‘ ’Cl
Lk \ -~
N . - (I
SO > P
/S\\ R B - S‘L:)
c N (o] - N

I IT

One form melts ot 14k-145.5°C, and hy analogy with cyanuric chloride
it is called o _-sulfanuric chloride, It may be culled also 1,3,5-
trichloroxo-1,3,5-trithiatrinzine, The other form melts at 47°C. und is
called p-sulfanuriec echloride. Kirsanov suggested the two forms to be gis
and trans isomers, the gis iscmer with the three chlorine stoms on one
pide of the ring and the tyans iscmer with two chlorine atoms on one side
of the ring and the third chlorine on the opposlite side of the ring. Such
an assumption, however, implies & plancr ring. This has been shown recently
not to be the case (50). X-ray studles on 2 _~sulfanuric chloride have
shown the crystols to be orthorhomble, with four meclecules per unit cell
of dimensions a = 7.60 &, b=11.46 A, ¢=10.)0 A, &nd bond lengths:
8-N=1.58 R., 8-C1=2.00 &., and 8-0=1.43 8, The arrangement of the bonds
around the sulfur has been found to be roughly tetrahedral, and the
5-N-S angles 4o be 120°.
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Thus formmla(Il) proposed as an alternative by Kirsanov, contributes
insignificently to the overell moleculer shyucture. Furthermore eince
the sulfur-nitrogen bYond distances are identical and quite close to the
double-bond distance (1.56 ), delocalizabion of the Titelectrons must
occur with alternating single and pJ/ -4 "7 double bonds. The throe
chlorine stoms heve been found to be 8ll axlal, end a chair configuration
has been agsigned,

No data are presently availeble as far as the structure of f-sulfenuric
chloride is concern:d. Inasmuch as it is sn isomer of -sulfanuric chloride,
a chair configuration with three oxygen astoms axial and three chlorine
atoms equetorial ac w2ll ar the boat form mizht be assigaad. More work
on thie avea, therciore, has to Le done before such an erslgnmont can be
established.

In the course of our investigation, several experiments to cleave the
trichlorophosphezosulfonyl chloride have been perfcorvmed under different
conditions. In a1l instences, cleavage 4id occur only when the reaction

mixture was heeted at 130-140°C and when the pressure in the system was
maintalned gt ca., 8-10 mm.

The soporntion of =, and B isomers hag been effected with a slight
modificetion of Kivsanov poocedvre., After the themel eleavage went to
corpletion the product leit in the distillation flask wes exbiacted several
times with hot n-heniane, Jrom which upon cooling large crystals setiled.

The precipltate was Ciltered, and the excess of sclvent vas driven off

under vacuum. The ~oghincd materials, which coneist mainly of & mixture of o
and B sulfanurie clicwrlde, were sublimed then under high vaarun. 7The f-
sulfanurie chloride cublinmes readily at room temperature et 0.005 1m.,
wherzas the o/=sulfaauric chloride sublimes at 60-80°C, under the seme
pressuxe.

" After extroction of theGand p isomers , the remaining viscous oily
residue was found to be very hygroscopic and inscluble in several organic
golvents.

B. Physical Pronerties

The and B sulfanuric chlorides are white, erystalline, hygroscopic
materials, which melt without decomposition at 1LL-146°C. and at 4G-UT.5°C.
respectively. The p form hydrolyzed more readily then the '/ form and its
melting point is depressed by the presence of molsture. Both can be
siored, however, for a long period of time in a disiceator over sulfuric
acid or phosphorus(V) oxide wihout anprecisble chenge in their composition.

Both forms are insoluble invweter, in vhich they hydrolyze slowly;
readily soluble in orgenic solvenks such as ether, benzene, ethyl acetote;
sparingly soluble in carvon tetrachloride and chloroform; and very slightly
goluble in n-heptane and petrolewn ether. The last two solvents were
Pound the best £or thelr purification.

R— )
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0. IExperimental

& and B Sulfanuric Chloride. Two hundred twelve grams (0.85 mole)

of ‘trichlorophosphazosulfonyl chloride (m.p. 33-35°C.) was placed in a
distilletion flask fitted with a deflegmetor and an inlet tube Lor dry air.
The receiver was chilled at -70°C. by means of e freezing mixture. Dry air,
previously desiccated with caleium chloride, wes continuously passed through
the substence in order to maintain the pressure in the system at c.a. 8-10
nm., Heating wes held at 100°C., and the temperature wes then slowly reised
to 130°C. At this temperasture, thermal decomposition started and phosphorus
oxytrichloride began to ¢istill rapidly. Atfter 1 hour at 130°C., the
{cmperature was reiced to 140°C. for en additional one bour and finally to
150°C. for a short period o2 tim2, Usually, after 2.5 hovrs, the distillation
of phosphorus oxytiichloride ceasses, and the thermel cleavage can be
connldered finished. A total of 115 g. of phosphorus oxytrichlorids were
recovered in the chilled receiver, which means that 90.0% of the trichloro-
phosphazosulfonyl chloride underwvent cleavage.

The dark residue in the distilletion flask quickly sclidified b0 a
dark mass wheh the flask was kept at room temyerature. Thec A and B
sulfanuric achlorides were extracezd from the reaction products by means of
hot n-heptane. Upon cooling, large crystals separated, which were filtered
and dried. The excess of solvent was removed in wacuo, and some more
meterial was recovered. The scllds were combined, and the separation of the
+40 isomers was achieved either by sublimation under high vacuum or by
fractionsl crystallizaticn from n-heptane or retroleun ether b.p. 90°C.
Sublimation works well siace the .’ sulfanuric chloride stblinmes readily at
82°C. under high vactuum, vieveas the f form sublimes at room temperature
unler the same vacuan. No dliference in melting point wes found between
the material obtained by sublimailon and that cbtained by
recrystallization from n-heptane. Then -sulfonuric chloride melts at lhde
145°C., the f-form at 4G-47°C.; toth without decomposibtion. Yields: ok =
sulfanuric chloride, 12.0 g. (14.5% of theory); B-sulfanuric chloride 8.0 g.
(9.8% of theory).

Anal, Caled, for & (NSoCl) N, 14.36 M.W. Caled. 292.578
Found: N, k.47 Found 300

Caled. for B(NSOC1) N, 14.36 M.W. Caled. 292.578
Found: N, 1i4.21 Found 294

D. Attempted Prepargtion of Sulfenurie Chloride by Reaction of Thionyl
Chioride with Ammonium Chioride in the Presence of Chlorine

We have found it interesting, in dealing with the preparation of
sulfanuric chloride, to attempt the direct synthesis of this materisl
by the reaction of thionyl chlcride with ammonium chloride as a source
of nitropen, in the presence of chlorine as a oxidizing egent. Sym-
tetrachloroethane vwas used as & solvent in our experiments. Reactions
have been carried out under different conditions of time and temperature
end alvays with e large cxcess of ammonium chloride. The reaction should
proceed according to the following stoichlometry:

380C1> + 3NH4Cl + 3Clp » [N=8(0)Cl]a -+ 12HC1
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‘Unfortunetely even after refluxing the reactants et 110-130°C.
for one week, the reaction has failed to yield any product. Ammonium
chloride was in &ll instances recovered unchanged thus indicating that the
nitridstion of thionyl chloride did not oceur . as expected. In fact,
the reaction conld start only if oxidation of sulfur(IV) to sulfur(VI)
by the action of chlorine takes places. The abgence of such an oxidation
to produce even as an wnstehle intermediate the unknown thionyl tetrachloride
mey pechaps be the resson for fallure of the reaction.

B, Attempbed Preparation of Sulfanuric Fluoride by Metathetieal Exchange
of Sulfanuric Chloride

Inorgenic aromatic systems such as the phosphonitrlilic chlerides ond
thiazyl chloride have been successfully converted into the corresponding
fluorine compounds either by the use of fluorinating apgents like potassium
fluorosulfinate, silver fluoride, and lead fluoride or hy metathetical
exchange with sodium fluoride in scetonitrile and nitrohenzene as solvents.

The aynthesis of sulfenuric fluoride has not been veported as yet
although the corresponding chloride can be successfully synthesized by
several different procedures. The only reference in the literature(51)
Aeseribes the synthesis of polymeric gulfanuric fluoride by the reaction
of thionyltetrafluoride with ammonia, according to the following equation:

F

00y + WNHg -» NHL[FSN] + 2NHF
o

The emmonium salt upon sublimation there yielded a polymer as
oy . P
FAY
No, [FSN] ————3 1 (<8=N.) + NHLF
o} n 0 n

There was no indication, however, whether the trimer was found among the
decomposition products. It has been of interest, therefore, to ettempt

the synthesis of ¢4 and B sulfanuric fluoride by the metathesis of the
corresponding chlorides with sodium fluoride in nitrcbenzene as a solvent.
Moreover, if such s synthesis could be attalned successfully, the avallability
of o and B sulfanuric fluoride would permit a study of the fluorine

nuclear magnetic resonance spectra and consequently a possible speculation

as to the stereochemistry of thes and $ forme.

Nitrobenzene was chosen as a solvent because of its high boiling
point with the hope thet the sulfanurie fluoride, if formed during the
metathetical exchange, could be volatilized and subsequently trapped in
relatively high purity in a vessel chilled at -70°C. Such a procedure
vhich works excellently for the prepsration of the phosphonitrilie fiuorides,
has fuiled, however, to yleld the sulfanuric fluorides.
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Reactlons were carried out always in the presence of & large
excess of sodium fluoride end et temperatures of 100°C., 130°C., and
180°C. In no case, even upon vefluxing with stirring of the reaction
mixture for 24 hours, could product be recovered in the chilled container.
The ritrobenzene solution, slightly colored abt low temperatures, becamz
derker and derker upon refluxing, aend after 2 hours 1t appeared to be
completely black. Neither could product or unrescted sterting sulfanuric
chloride be recovered after dlstillation of the excess of solvent and
extraction of the residue with several orgenic solvents,.

This suggests that decomposition and not exchange moy occur during
the cource of the reaction. These preliminary failures, though, do not
allow us to conclude that eichange is impossible, but rather than that
rnitrobenzene may not be a sultable solvent. Our efforim in the future will

be extended to the aynthesis of this interesting materisal, using different
and lower boiling solvents.

F. Discussion

Of the methods avallable for the preparation of sulfenuric chloride,
Kirsanov's procedure has been shown to be the most suitable. Although
yields are not very satisfactory, they asre greater than those oblained
by any other known procedure, and in eddition two geometrical lsomers
are obtained, The thermal cleavage, however, requires a more complete
inwvestigation to permit identivication of the reaction residue in which
eome other interesting dscomposition products may still be conteined.
e metathetical exchange reaction of o¢ -sulfanuric chloride with sodium
fivoride in nitrobenzene has falled to produce the desired fluorine
compound. No exchange was noticed during the couwrse of the reaction but
rather only the decomposition of the starting material.

XVI. Dipole Moment Memsurements of _end _B-Sulfanuric Chlorides

A. Introduetion

The synthesis of </ - and f-pulfanurie chloride by the thermal cleavage
of trichlorophosphazosulfonyl chloride has been discussed pruviously.
On the same occasion, we also pointed out, that during the cleavage the
two forms were produced in yields ca. 24.0 and 18.0%, respectively.
Other experiments corried ocut recently in this area have fully confirmed
these results, end molecular-weight determinations by the vapor pressure
method have shown that the molecular weights are of the same crder for
both meterisls. The products appear to differ only in melting polnt.

On the basis of such results, it is reasonable to assume that
isomeriem must be involved in the molecule of sulfanuric chloride although
the cis and trans configuretions are to be exeluded on the basis of a
recent xX-ray study on the crystal ofc/-sulfanuriec chloride. As a result of
such investigatlon, the ring has been found not to be planar and the
chalr configuration has been assigned to the g_/_._ - form of sulfanuric chloride.
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The structure of B-sulfanuric chloride remains unknowm. Inasmuch
as the eleciric dipole moment is strictly related to the symmetry of a
molecule, we have found it interesting to determine this constant as a
possible approach to the identification of the f-lscmer,

It is known that when a medium is placed between the pletes of &
cepacitor, the capacitance is increased by a fantor §_ known as the
dielectric constant. If Co is the capacltance with a vacuum and C the
capacitance with the medium between the plates of the condeaser, the
dielectric constant & is glven by the followlng ratio:

V- =
omliasy

lg] 1

Since the introduction of any medium increases the capecitance while the
charge on the condenser plates must remain unchanged, the electric field
vetween the plates must be reduced by the same factor & . (52).

The reduction in the electric field may be due to two effects.
In the f£irst instance, which is alweys true whether the molecule of
the medium has a permanent dipole moment or not, a separe-lon of the
pesitive and negative charges within each molecule tends o take place.
The molecules are seid to undergo a distortiom polarization, P..
1%, however, the molecule of the medium has a permunent dipole moment J4
2 second effect known as grientation nolarizetlon, Po, will be present.

Both the molar distortion polarization and the molar orientation
prlarization have Lhe dimensions of a volume, and it can be said that

the total molar polarization, -EM’ 1s given by the following equation:

P

D

Morecver the distortion polarization, P, arises in two ways: First, the
electrons in the molecules wlll be displaced with respect to the nuclei
towvarda the positive pole of the applied field. 7This effect is known eas
the electron polarization, often called also molar refractivity, 2.
Second, the nuclel will be slightly displaced with respect to one Enother
giving rise to the atom polarization, P A Thus we can say that:

By = Byt B,

and that the total molar polarization is given by

= P A
By=Lo+ L, +L,

Applying the Debye equation to the total molar polarization we have:

= = ' 2
By=E + By = _.’i;lﬂs__ ( o+ LB/ED (1)

If we restrict our considerstions to dilute solutions of poler molecules
in non-polar solvents, we can express the total molar polarization also

—
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by the Clausius-Mossotti equation:

B, = . WG=1y M
M %) 1 (11)

Equating expressions (I) and (TI) for the total moler polerization, we
obtaiu:

(E-1) ¥ = b7 (A +E/3KD) = p, (ul)
a

: =M
T+ 2 3

In order to derive /_”_' from equation (III), two different procedures
can be followed. By means of the temperabure-method, it cen be shown
that under normal conditions of measurements,c’ . amd £, are tempersture
independent. We cun then measure the dlelectric constant _<. and the
density 4 over a range of tempersture and plot P, , calculated from
equation (I), against 1/T., From equation (II), toe slope of the graph -
will be equal to 4 7/ No»#/9 K, and the intercept of the line at 1/% = 0
wi.ll give the value of B. (53). Although tle evalustion of 4. by the
terperature method appeo¥s to be a simple process, there are actually
ceveral difficulties. It iuvolves the assuuption that A is independent
of tempersture, and this is not alweys true. Moreover, not all substances

are stable over a sufficlently wide renge of temperature for this method
%40 be applied.

Thus a second method, known as the refractivity-methed, has therefore
baon recommended to eliminate the effect of distortion pnlarizetion.
e refractivity method is based on the fact that the speed of response
¢ the three types of polarization (electron, atom, and orientation) to
an oseillatory electeic field dlflers greatly. TFurthermore, a simplification
can be introduced through the Mexwell relationship that the dielectric
counistant 1s equal to the square of the refractive index, provided the
vefractive index is measured at & sufficlently high frequency for the
orientation polarization .o be sbsent, This latter method, though
prefereble to the temperature method, has some dlssdvantages also. We
cannct allow for the aolvent effect due to interactions between solutes
and solvent molecules, and we have to allow for the atom polarization,
even though there are no ways of evaluating it. Such & value, however,

i8 usually very smell and can be estimated to be between 5 and 15 per cent
of P..

—

By

Such a procedure is the one we have used in the determination of
the dipole moment of'¢y and £ sulfenuric chlorides. JAmong the several
approaches availeble for the determinutlon of B, and B, we have
applied the Halverstadt-Kumler equation. Such Q procegure is an

extension of the original Debye equation for the calculation of the total
molar polarization:

EM = gl-f-.l + .1.’2;2 = e -1 ,M_,lgl + &ij_‘ Fesee
€ +2 a

If D, 15 caleulated by using weight fractions (Wz) instead of molar
fractions (£), a linear rclationship still holds between dielectric constants
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and specific volumes and weignt fractions. The procedure is also much
simpler since the molecular weight of the solvent need not be known.
Disvegarding the whole mathematical caleulation, the Halverstadb-

Kunber expression, which gives the specific totel polarization, is
as follows:

——————

(Gat2)? G142

By = 324 Y, + G -2 (Y +8)

vhere ¢X and B represent respectively, the limiting values of Q& /yue
and v/ »u= &t zero concentration, v the specific volume ¢f the solvent,
a2l _&; the dielectric constent of the solvent. The tobal molar
polarization is then given by:

'I:M = EM X M‘W

The specific electron polarization may be derived fimum the measured
values of the refractice index, using the analogous relationship for
the molar polarization:

s 32 ¥, 4 m® -1 (y +B)
oo e
(na® + 2 m? + 2
wieve €3 in replaced by m2® and S 1s the limiting value of

Sn?fSua st zero concentration. The total moler refrachivity will
tnea bes

Py = 3y X MW

Having now the values of P,. and PE, it is possible to evaluaste Po and
finally the dipole moment gly using the following formula:

/Z7= 0.0128,1071® y.e.s \/;’_o x T°k =

= 0.0128 \/go xT°K D.

For our purposes, the dielectric constants of pure benzene and of several
benzene solutions of ~{ - and -sulfanuric chloride were determined by
means of a capacitor at 25°C. The respective specific volumes were
determined at the same temperature with a calibrated pycnometer, wvhereas
the refractive indices of the colorless sclutions were measured with a
diffevential refractometer at tke 436 mA’line of mercury (54%). Values

of 3.8l D and 2.19 D were cbtained for .- and 3-sulfanuric chloride
respectively.

B. Experimentsal ;
¢~ end B-sulfonuric chlorides were recrystallized from n-heptane {

until sharp melting points of 1L44-145,5°C, and 47°C. were reachcd. Benzene
was redistilled over phosphorus(V) oxide and stored over sodium wire for
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24 hours. In the experiments performed, the following nomenclature has
been used:

welght fraction; € 1 = dielectric constent of benzene;
eja = dielectric constants of solutlons; Vi = specific volume of
benzene; Vip = specific volumes of solutions; ¢ = 1k 2/ aw Wos B =
p,) !12/93!2 3 % %!l 12/ J¥2 ; = total moler polarization; P, =
moler refractivity; P = molar o ientation polarization, and
dipole moment. All m@asm ents were carrled out at 25°C. (2‘8"!{.
The values of X, B, and ¥ were obtained graphically.

Results are summarized in Tebles XIIT, XIV, and XV.

C. Discussion

The dipole mements of ¢h, and B-sulfanuric chlorides in benzene
have been determiined and found to be of the order of 3.80 D and 2,19 D
respectively. If we consider a bond mcment as a vector quantity directed
along the line of the internuclear axis, we may approximete the total
dipole mement of a polyatomic molecule as given by the vecbor sum of
the various bhond mements.

Inasmuch as the choair configuration with all the ehlorine axial,
has been recently assigned to (X ~sulfanuric chloride, it is expected
that this substance must possess the greatest dipole moment in respect
+o the other poseible forms. PB-sulfanuric chloride is undoubtly less
p nar since 1lts dlpole mcment has been found to be 2,19 ¥° Thus elther

ther chair form or the boat configuration might be asc 1gned to its
1'1\)J ecule.

To which form it might belong, it is not possible to say on the
besis of dipole moment speculations only. Further x-rays studies are
necessary In order to define such an establishrent.
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Table XIII

Measurement of Electric Dipole Moment

Weight fraction  Rielectric constant Hpecific volume: Square of refractive

of solutions | of solutions indices

Y2 : §_12 ‘ Viz !1212
| .
0. 01900 | 2.3770 } 1,114 2,2455
|
0,0100 i 2.3280 ; 1.120 2.2440
0. 0060h { 2.3060 1.123 2.2437
& 4 = 2,2724 vy = 1.1260 1% = 2.2440

A =550 -B=0.70; &~ 0.5 By = 336; By = bl; B = 295

o= 0,0128 /B x I°K. = 0.0128 V295 x 298
= 0,0128 v88.0C0 = 3.80 D.
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Table XIV

Measurement of Eleetric Dipole Moments

Ly

Weight fraction |Dielectric constants ;;Spe,ciﬁ.c volumes | Square of Refractive

of solutious . of solutions ! indices
¥e Cae i a2 i %12

1 i
0.02230 2.4000 | 1.1200 2.2518
0.01310 2.3470 I 1.1360 2.2506

]
&a = 2.2724 ¥ = 1.167 m? = 2,240

A = 5.50; -B = 0.70; ¢ = 0.003; By =248 ; By = 52.6 ; B = 295.4

~— et a vt ava s

= 0.0128 \ 86.0C0 = 3.80 D
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> : Teble XV
Measurement of Electrie Dipole Moment

Inaenmuch as d__, end B sulfanuric chlorides are isomers, the deppities

and the refractive indices of their solutions do not differ greatly within
the experimental error. Consequently, for the calculation of the dipole
moment of f-sulfanuric chloride only the variations of the dielectric
constant have been detexmined, The molar refractivily has been calculated
by using the values of B and ¥ obtained graphically in the determination
of the dipole momsnt ford ~sulfanuric chloride.

Weight fraction ' Dielectric constants
wo of solutions
—l2
0.009712 2.297
0. 0061LTL 2.260
0. 003376 2.285

L = 2.272h v1 = 1.1446 m® = 2,240

oA = 1.88; -B = 0.70; §=0.093; B, = 141,8 ; PE = 43.3; Po = 98,5

. —

/A‘_- = 0.0128 Ypo X T°K = 0.0128 \98.5 % 298

= 0.0128V29.300 = 2.19 D,
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