
UNCLASSIFIED

AD2 8 9 362

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formilated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



Contract No. DA-11-022-ORD-2956

Stdy• Leading to the Development of Pobr].ners for Use

in HIgh Ter.m.terature

by

T. Moeller, A. Vandi,--J. T. Morrison, and

R. E. Eibeck

University of Illinois, Urbana, Illinois

Final Summary Report October 1, 1962



Distribution List

Commanding Officer copies
Picatinny Arsenal
Dover, Nev Jersey
Attn? Purchasing Office, OFDBB-PB1

Commanding General 1 Copy
U. S. Army Material Command
ATTN: A-CRD-NUC-BH
Washington 25, D.C.

Commanding Officer 1 copy
Watertown Arsenal
Watertown, Massachusetts
Arttn: 0MR0

Chief of Ordnance i copy
Department of the Army
Washington 25, D.C.
Attn: ORDIB

NASA - Marshall Space Flight Center 1 copy
M-S and M-Mr Attn: S. L. Burt
Huntsville, Alabama

Armed Services Technical Info Agency 10 copies
Dscument Service Center
Arlington Hall Station
Arlin&a;on, Virginia

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

Diamond Ordnance Fuze Laboratories 1 copy
Connecticut Avenue and Van Ness Street, N.W.
Washington 25, D.C.
Attn: Technical Reference Section

Cmmanding Officer I copy
Rock Island Arsenal
Rock Island, Illinois
Attn: Mr. R. Shaw

National Aeronautics and Space Administration 2 copies
Marshall Space Flight Center
Huntsville, Alabama
Attn: Mr. Chester Gray

M-S and M-M



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

Dr. G. Barth-Wehrenalp, Director 1 copy
Inorganic Research Department
Pennsalt Chemicals Corporation
Box 4388
Philadelphia 18, Pennsylvania

Aeronutronic Division of 1 copy
For3. Motor Company

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

Materials Department

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



TABLE OF COVTEITS

Page

I. Abstract- - - 1

I1. Synthesis of Sulfamide 2
A. Introduction .............-..........-------- - --------- 2
B. Experimental--------- ---------------- 2

1. AMmonolysis of sulfuryl chloride by enmmonia
according to the procedure of Ki -•exnov as
modified by 5wve- - --- -- ------ - - - - - - ---- 2

2. Amnonolysis of sulfurzl chloride by ammonia
according to the procedure of Goshr-% as
modified by Eibeuk ------------------- 3

3. Attempted ammonolysis of sulfuryl chloride with
ammonium chloride in symmetrical tetr'achloroethane- - 3

C. Discussion--------- --------- ----------- --------- - 3

III. Synthesis of N-Substituted Derivatives of Suilf•mide----- 4
A. introduction ........------- ---------------- 4
B. Physical Properties .......--------- - - - - - - - - --- 7
C. Unsuccessful Preparations ------------ ------------------- 7
W D. Experimental ............-..........-------- - - -------- 7
E. Discussion - -------- --------- ----------- ----------- 12

IV. Synthesis and Properties of N-Substituted Sulfamides ------- 12
A. Introduction - -------- ----------- --------- --------- 12
B6 Physical Properties ----------- --------- ------------- 15
C. Atte:mptcd preparation of Unsymictrically Disubstituted

"Sulfamides - -------- ----------- ----------- --------- 16
D. Experimental - -------- --------- ----------- --------- 16

V. Therm.al Characteristics of Tri- and Tetra-Substituted Sulfamides 21
A. Liquid Range - -------- ----------- ----------- ------- 21
B. Thermal Stability - -------- --------- ----------- ----- 21
C. Discussion - -------- ----------- --------- ----------- 22

VI. Synthesis and Properties of N,' -Disubstituted Sulfamides- - - 22
A. Introduction- -.-- --- -------- - ------------ ----------- - 22
B. Chemical and Physical Properties ----------- ----------- 26
C. Experimental --------- --------- ----------- ----------- 26

VII. -.,acti__ of Dialk,! i•,amiy Chlorides with Polynmines ------- 29

A. Introduction - ------ ----------- --------- ------------- 29
"'. Physical Properties - -------- --------- ----------- --- 31
S. Tnermal Stability and Liquid Range ------------------- 31
D. Experimental ------- ----------- --------- --------- --- 31
E. Discussion ------- ----------- --------- --------- ----- 39



Ii.

TABLE OF C0TEITS " (continued)

Page

VIi. Synthesis of Sodium Polysulfides and Their Reactions vith
Reactive Hap• aomnoun -....... ....-- ..- ..- .- 3

A. Introduction -9B. Experimental ------- ------------ --- 39

C. Discu• sion . . . . . . . . . . . . . . . . . . . . . .- 40
IX. AttLemte. H.•tq i klakaion of N-Substituted Sulfamides- -

X. fiteomted Po2.,•ondennaticn Reactions of puLuglr1 Chloride and
Polyamin 1a- z ....-..... .- -.-.-.-.-.-.--.--.------ 41

A. Introduction .. . .. .. .. . ..-. . . .. .. ..------ - - ---------- 41

XI. Deamronation Products between S8lfamide and polyni-ines - - 42

A. Introduction .. ..........-....... ..------ - - ---------- 42
B. Phys.c.a2! Properties .....- ....- -.-.------------- 44
C. Experimental - --------------- --------- 44
D. Discussion -- ------------------------------------ 46

XII. Reactions of Sulfamide and of NN-Dialkylsulfamides with
Ph~~ors~) C~hiorldo -- -- ---- -------------------- -------- 46

A. Introduction -- ---------------------------------- 46
B. Chemical and Physical Properties -- ---------------- 48
C. Experimental -- ---------------------------------- 48
D. Discussion-- ------------------------------------ 52

XIII. Reactions of Bis-trich]orphos-ohazosulfone and of the
Dia'wylamides of Trichlorophosphazosulfur c Acid with
Griyuard Re'agent-i----- ---------------------------- 52

A. Introduction -- -------------------------------- 52
B. Physical Properties -- --------------------------- 55
C. Thermal Stability and Liquid Range -- -------------- 55
D. Experimental ------------------------------------ 55
H. Discussion------------------------------------ - 61

XIV. Synthesis of Trichlorophosphazosulfonyl Chloride -.-.- --.-- 62

A. Introduction -- ---------------------------------- 62
B. Physical Properties ------------------------------ 63
C. Experimental ............-.........------ - ----------- 63
D. Attempted r••paration of Tribrcmonhosphazosulfonl2,V

Bromide -- -------------------------------------- 63



iii-.

TABLE OF CONTENTS (Continued)

Page

XV. _ynthesis of Suifanuric Chloride by Thermal Cleavage of
TrichloromhospLThazosulfonyl Chloride- ----------- 64

A. Introduction- ------ ---------------- 64
B. Physical Properties ----------- --------- --------- 67
C. Experimpental --------- -------------------- ------- 68
D. , e 7d •. hpaxation of Sultanuric Chloride by the

VLc R!iacti.m• of ThiJ.nyl Chloride and Ammon4-am Chloride
i:. *•', e•Jer.oe of Chlorine ----------- ----------- 68

E. Atbtem;7,fcd P•'pa-:,.:c.on o' 3ulfanuric Fluoride by
Meta!:htical Exchbaige of Sulfanuric Chloride 69

F. Discussion --------- ----------------------------- 70

XMI. Dipole2.. I.._nt Masurenents cf fc and 5-Sulfanuric Chloride- 70

A. Intr'-J3 ucti.ou-- ------------------- -------------- 70
B. -- :--e ---- ---- --------------------------- 73
C. Discu!;sion ............-..........------ - - - --------- 74

XVII. References ......- ...........-.......-------------- 74



'I

I..

1. Abstract

A ccmparative study of three approaches to the synthesis of sulfamide
has shown that reaction of sulfuryl chloride with excess liquid aumonia at
low temperatures can be used to prepare the compound with reasonable
efficiency.

A program for the preparation of polymeric, high temperature stable
substances, based upon cmpounds belonging to the awmono-sulfuric acid
system, has been instituted. For this purpose, a series of ammonolysis
and aminolysis reactions of sulfamide and of N,_-dialkylsulfamyl chlorides
with a variety of aliphatic and aromatic amines have been carried out, and
several nav N-substituted dc-rl-Lat:ves of sulfamide have been prepared and
characterl-ed. T4eir liquid rang'es and thermal stabilities have been
evaluatel also.

The reaction of sulfuryl chloride with primary and secondary diamines
by the two-liquid phase pro. -ýdure hý.o fcatlcd to produce polymeric inorganic-
organic materials. On the :' er hand, when sulfamide is allowed to react
with al1 hatic polyamines wV.•L.hout solvent, deaszonation takes place readily
with the formation of definite products. Monomeric compounds are attainable
by melt-polymerization at 90 0C., whereas a linear polymer is produced when 1,6-
hexane-di:mine reacts with sulfamide under appropriate conditions.

The reaction of sodium hydrosulfide with sulfur in liquid ammonia has
been found to be a convenient method for the synthesis of anhydrous sodium
polysulfides. Non-metal polysul'ides have been obtained by treating the
hydrosulfide-sulfar solution in ammonia with a diacid chloride such as
methylene chloride.

Sulfamic acid, sulfamide, and N,N-dialkylsulfamides have been found to
react with phosphorus (V) chloride to give in good yields trichlorophos-
phazosulfonyl chloride, bis-trichlorophosphazosulfone, and the dialkylamides
of trichlorophosphazosulfuric acid, respectively. Reactions of bis-
trichlorophosphazosulfone and of the dialkylamides, of trichloro-
phosphazosulfuric acid with Grignard reagents have lead to compounds in
which the chlorine atoms are all replaced by aryl groups.

The synthesis of sulfa nuric chloride by thermal cleavage of trichloro-
phosphazosulfonyl chloride has been successfully effected. Inasmuch as
two geometrical isomers nre produced during the course of such thermal
decomposition, the measurement of dirole moments has been used as a
possible criterion for the czsignment of their configurations.

Published papers based uron work ccomleted under this contract include

A. Vondi, T. Moeller, und L. F. Audrieth: "Synthesis and
Properties of Some A-Substituted Sulfamides", J. Org. Chem.,

-A. Vandi, T. Moeller, and L. F. Audrieth: " Same Aminolysis and
DeaMMonation Reactions of Dialkylsulfamyl Chlorides and Sulfamide with
Polyamines", it Org. Cem., 2, 3478 (1961).
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A. Vandl and T. Moeller: "Nucleophilic A cmoati Substitutions
Involving Bis-Trichlorophosphazosulfong and the DiacyloinideG
of Trichlorophosphazosulfuric Acid". Chem. and nd.o, 1962, 221.

T. Moeller and A. Vandi: "fleactions of Bis-Tfichlorophosphazo-
sulfone and of the Dialkylamides of Tlichlorophosphazosulfuric
Acid with Certain Grignard Reagents", Z. M. Chem. (In press)

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

II. 8Mthesis of Sulfamide

A. Introduction

The preparation of sulfanmide has usually been attempted via the
wamonolysis of sulfuryl chlrride, either vith ammonia or wirth an
emmonium salt, amide, or i:uida th.t %Ight be expected to yield ammonia in
controlled quantity. P revfei, ot duscribed procedures (1) indicates that
none of these is notably e and that many yield only negative results.
Of the procedures employing connia, those described by Kirsanov (2) and by
Goehring et al., (5) appeac .most promising. These have been rechecked in the
preliminary phases of this study, largely to provide sulfamide for use in
other areas of investigation. A single variant of the reaction involving
an ammonium salt has been examined.

B. Experlmental

1. Aono s of Su'vrl Chloride by Ammonia bccordin• to the
Procedure of Kir-nnov 2.)-- -Moifc& hSnyder ij -- Te procedure used
was as follows: A 3-liter, wide-mouthed jar, equipped with a mechanical
stirrer, a thermometer, and a gas inlet tube, was placed in an ice-salt
bath contained in a lnrZe battery jnr. Seven hundred fifty milliliters
of carbon tetrachloride was added to the reaction jar and the 'whole
cooled to -80C. t strong current of ammonia was bubbled thcough the
cooled carbon tetrachloride while a solution of 125 ml. of suJlfuryl chloride
in 625 ml. of carbon tetrachloride was added in 10-15 ml. increments. After
each addition, the mixture was cooled to -80C. before more of the halide was
introduced. After all of the sulfuryl chloride had been added, the current
of ammonia was maintained for an additional 30 minutes.

The white, pasty product was treated with water and the carbon
tetrachloride removed by using a separatory funnel and then boiling.
Ammonium chloride was largely removed by v series of vacuum evaporations
on the steam bath and subsequent flltr .t'.ons. The resulting thick,
visconus mass was hydrolyzed by boiling with 0.5 hl hydrochloric acid. After
removal of more water by vacuum evaporation, the product was extracted several
times, using a Soxhlett apparatus, with acetone and ethylacetate. The
solvent was removed by evaporation and the resulting yellow crystals
dissolved in boiling 955 ethanol. Cooling then gave white crystals of
sulfamide. Yield: 11.7 a. (7.9"); 8.3 G. (5.620), based on the sulfuryl
chloride used.



2. Puono . ofS lf l Chloride by Asmnia Acooe.i&to•th-q
Procedure of Goehrij(3} as Modifie b Eibeck (4). -- The most effective
procedure was as follows: A 2-liter, 3-necked flask, equipped with a
mechanical stirrer, a dropping funnel, and a vent attached to a drying
tube, was cooled to ca. -700C. by means of a Dry Ice-chlorofo=n bath. Scae
300 ml. of liquid am onia was then condensed into the flask at -70°C. A
solution consisting of 50 ml. of sulfuryl chloride in 400 ml. of petroleum
ether (b.p. 90-ii0C.) was then added dropwise and with VigorourstitZixg over
a period o. 160 minutes, with the temperature remaining within 3-4' of
-700C. The flask was then allowed to warm over night to roam temperature
to remove unreacted ameonia. The ether layer was removed and the
proAuct dried at room temperature. Two extractions, each with 250 MI. of
ethyl acetate, were carried out. Frcm each, white crystals resulted upon
eva;poration of the solvent. The remaining solid was dissolved in a solution
obtained by diluting 15 ml. of 12 fN hydrochloric acid to 100 ml. with
water. This solution was evaporated mnd the brown solid obtained extracted
with ethyl acetate. The conibined crysttls from the three ethyl acetate
extractions were dissolved in boiling 95',' ethanol. Cooling gave white,
crystalline sulfamide. Yield: 27.86 g. (46.5,"). Comparable runs where
acetone was used for the initial extraction gave yields of only 8.7 g.
(lL4.6i); and 1.0 g. (18.8'r).

3. Attempted Arionolfsis of Sul~rl Chloride with Amoonl1 Chlq34a
in fin=erical Tetrachloroethane. -"- The procedure employed was as
follows: a mixture of 1.5 -5-77 .i mole) of sulfuryl chloride and 10.7 a.
(0.1 mole) of ammonium chloride was refluced in 500 ml. of tetrachloroethane
for 9 hours, escaping vapors being trapped in 2 X sodium hydroxide solution.
The solution in the trap was then neutralized with nitric acid and its
chloride content determined by Mohr titration. Approximately 0.2 mole
of chloride ion wms found, suggesting that nm-onolysis bad accurred with
release of hydrogen chloride. However, 0.1 mole of ammonium chloride
was recovered from the initial reaction mixture. Since the liquid had
changed from colorless to yellowish, it was reasonable to assume that the
solvent had undergone reaction. Repetition of the experiment with omission,
of the ammonium chloride, gave 0.2 mole of chloride ion in the trap,
indicating only reaction of sulfuryl chloride i.,ith tetrachloroethano and
no ammonolysis.

C. Discussion

Much of the tediousness and inefficiency of the Kirsnw procedure
is eliminated by an adaptation of the Goebring method. The reported yield
of 42•1 (av.) can be duplicated, if suitable precautions are taken. In
every instance where lower yields resulted, acetone was used as a primary
extraction solvent. This resulted in the formation of large quantities of
reddish-black, tarry material, which apparently interfered with ultimate
conversion to sulfamide. This difficulty is eliminated by use of ethyl
acetate and by never evaporating above roca temperature.

If a stated yield of ca. 405 is assumed to be a reasonable average
for the Goebring procedure, the overall conversion in terms of the equation

S0 2C1 a + l&M13 -0 S05 (INHS) 2 + 2INH4Cl
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does not suggest this to be a particnlarly practical process. However,
there is every evidence (3) that the initial process yields imiiddisulfsmide
as well

3B0o212 + 12NH3• Qs2 (NH2) 2 + NH4 ++[HMsO2MSo2N2] + 6NI14Cl

Subsequent hydrolysis of the latt!ej

+[ o2N o2NS0 j + H.o + 80og(Ni)2 + NR+ [HgNs0]"

indicates a total conversion to sulfamide in the mole ratio

S02 C12 : So 2 (NH2) 2 - 3"2

Thus a yield of 27.86 9. (p. 3) , which amounted to 46.5% on the basis of
1:1 correspondence between sulfurrl chloride and sulfamide, becomes 70.5%
on the basis of the second path. Evaluation in terms of the ammonium
chloride recovered is in good agreement 1with this figure.

Formation of imidodisulfamide by direct reaction of sulfuryl chloride with
ammonia plus lack of reaction of sulfuryl chloride with ammonia chloride, a poorer

source or ommonia, su&est Oat direct fornatidn ol sUlrlr ae must recluire
more basic conditions than have been achieved here. In a measure, these
are capensated for by the presence of a large excess of arzonia at
all times, but even then same deomonation must occiir. It is conceivable
that the prewance of basic ions in the ammonia would imit imidodisulfamide
formation and thereby improve the yield.

Ill. N-Substituted Derivatives of Sulfamide

A. Introduction

Material included in this report relates to synthesis and characteriza$ion
only. The synthesis program involved the prepa-ration of a number of NN'-
disubstituted, NNN'-trisubstituted, and N,NN',N'-tetrasubstituted sulfamides,
which may be represented by the following rencralized formulas:

0 0oR

R-NH-S-MH-R' .N-S-NH-B

I II

0

WIT



Thus far, only cmpounds relating to fornoas 11 and IUI have been
pripamd, where:

R = R' = an alkyl radical

RIO and ' '' may be aikprl, aryl, alkaryi, or heterocyclic radicals.

A survey of the iiterature kevealed the following general synthetic
methods for the prepaiation of N, N ,N'-tr'isubstituted and NNN',N'-
tetrasubstituted sulfamides.

1. Reaction of a dialkylsiilfanyl chloride with a primaty amine.0
C .- + 2H2N-R' I >N-s -R,, + [R' ,-NH 3 ]+Cl"

This reaction is the most frequently reported method for the preparation
of symmetrical and unsmmetrical tribubstituted sulfamides. Chloroform (5),
benzene or ether (6) have been used as solvents for carryina out the
reaction. Ah excess of primary amine, to react with the hydrogen
chloride released, is usually used as acid acceptor.

2. Reaction of a dialkylsulfamylchloride with a secondary amine.
0 0

+cJ,N-6-Cl + fM ,,R,,,I I N- -N, + [R"R'"NH+)C-R' 4 0 k "''

o 0

This reaction is the most frequently reported method for the preparation
of symmetrical and unsymnetrical tetrasubstituted sulfamides.

Chloroform (5) has been used as a solvent for 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 amine.

a R RS PtlI" R + 2[M'Nt]+CCl
' BH' + '2>

0

This method, which yields symmetrical tetresubstituted sulfamides and
is carried out in cold benzene) is reported in the literature in a
patent (7).

It. Reaction of ArSO3Cl with primary or secondary amines.
0

R C .R' I R +'

Cold R '101 R1' RI C

n~ip metbod AIA violtln Ajo'^LT^ pill -P~r P (8)
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During this investigation, 9 trisubstituted and tetrasubstituted
eulfamides were prepared and characterized. Of the compounds synthesized,
7 are new cacpositions of matter not reported in the literature.

All these compounds were prepared by allowing diethylaulfanyl-
chloride (1)mole) to react with a primary or socondary amine (2 moles)
and refluxing in chloroform or ether as solvent.

For this purpose diethylsulfamylchloride has been prepared either by
refluxigr diethylamine hydrochloride with an excess of redistilled
sulfuryl chloride (5) or by adding pure diethylemine dropwise to an
excess of rodistilled 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 750C. at 3 mm.

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

0 0

>+ +
Bt I

Where: R = H, C4 H9-, Cols-, COHI.-

The following trisubstituted sulfamides were prepared by this type of
reaction.

I. N, N-diethylsuJ±onmide
1I N,V-diethyl-'U -butylsulfomide

III N, N-diethyl-N'-cyclohexylsulfamide
IV N, N-diethll-N' -phenylsulfamide

All of these compounds except N,N-diethylsulfamide wore prepared in
this way. N,N-diethylsulfamide was prepared by adding the pure diethyl-
sulfemylchlorlde dxopwise to an excess of liquid ammonia (5) with vigorous
agitation over a period of 2 hours, followed by evaporation of the excess of
liquid smmonia at room temperature. The pure product was obtained by means
of several recrystallizations from ether.

The reaction of diethylsulfomylchloride with a secondary amine is
represented by the followina equation:

0 0

Et Et
IN -I Cl + 2EMR' N, v -S-14" + [( 'H a]H2+Cl"

Where: R = H =C41

[H,= cc%
R = Ciaas
R - 1i a heterocyclic iRroup such as moruholine or
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The following tetrasubutituted sulfamides were prepared by this type ofSreactions.

V N•,N-diethyl-N',N'-dibutylsulfemLde
V1 NN-diethy1-4-morpholinesulfamide

VII NN-diethyl-4-piperidinesulfamide
VIII N, N-dtethyl-N'-phenyl-N'-methylsulfamide

VXl NN-diethyl-N' -cyclohexy2-N' -metbylsu3famide

B. M~nsieal Properties

Tri- and tetrasubstituted sulfamides are generally colorless oily
materials. When they are solids, they have very low melting points and
are very difficult to recrystallize. Normal heptane was found to be the
best solvent for such recrystallizations. The compounds are soluble in
all the common organic solvents but are insoluble in cold water. The
trisubstituted sulfamides are soluble in alkali, owing to the presence of
an acidic hydrogen atom, whereas the tetrasubstituted derivatives are
insoluble.

C, Unsuccessful l'repmations

Diethylsulfamyichloride does not react with diphenylamine, either
in the presence of chloroform and benzene as solvents 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 diethylsulfanyl-
chloride were obtained by distillation under vacuum.

Recently, it has been found that sulfamide when treated with amines
yields mono- and disubstituted sulfemides. We tried to prepare the
diphenylsulfsmide by heating sulfamide and diphenylamine in the molar
ratio 1:1 at 90-120*C. without solvent, with the intent of allowing thp
diphenylsulfamids to react subsequently with diethylamine.

Unfortunately no reaction occurs when sulfamide and diphenylemine
a"e mixed together at 90-120"C. for three hours. Even after 3 hours heating
at 1600C. only unreacted diphenyloaine and a polymeric material, due
perhaps to the polymerization of sulfamide, were obtained. An indirect
way to prepare N) N-diethyl-N', I'-diphenylsulfamide was attempted too.
Here, we tried to prepare the diphenylsulfaylehloride 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 sulfurylehloride, the solid
material was dissolved in hot benzene and recrystallized. The white
product, after recrystallization from n-heptane, melts at 138-1390 C.
A test to check the presence of sulphur in the compound gave negative
results. Microanalysisihowed the substance to be 2, 4, 6, 2', 4', 6'
hexachlorodiphenylamine. According to the literature, that compound
melts at l18-19" (10).

D. Exerimntal

The general conditions for the preparation of tri- and tetrasubstituted
sulfamides are sumarized in Table I and Table i1, respectively. Analytical



"ata are given in Table III and physical constant data in Table IV.

Table I

PreMaration of Trisubstituted Sulfamides

Reaction Conditions
- ole Acid Temp. Time

~t~-N-SOa-C1 Amine Acceptor Solent _(c.) (Hr.)-.

II 0.1 0.2 Amine CHC1O 700C. 8

111 0..1 0.2 Amine CHC1 3  70*C. 1

IV 0.1 0.2 Pmine CHC1 3  700C, 12

Table II

pre tion of Tetrasubstituted Sulfamides

Reaction Conditions
Moles Acid Temp. Time

Lta-3(-Soc-Cl , Accto Solvent _a-)
V 0.1 0.2 Amine CHCl 3  70°C. 1

VI 0.1 0.2 PAine CIC1 3  70C. 2

VII 0. 0.2 Amine CHCl 3  06C. 12

VIII 0.1 0.2 Amine --- 70°C. 15 min.

IX 0..1 0.2 Amine CIIC1 3  70 C. I

L. DiethLisuufeny.1chlorido - -- Sulfurylchloride (1)4 S., 1.0 mole) was
placed in a three-necked flask equipped with a mechanical stirrer, a
reflux condenser, and a small dropping funnel. The flask was surrounded
with an ice bath, end diethylamnie (73.5 9., 1.0 mole) was added dropwise to
the sulturylchloride with vigorous saitation. The reaction mixture was
warmed and carefully poured into a flask, fitted with a reflux condenser.
Gentle refluxing was continued for 24 houxcs. The viscous yellow material
was cooled and washed with a dilute solution of Na5 CO3 . The oily material
which was separated was diacolved In ether and dried over CaCla. The
ether was distilled off leaving an oil.

The final product, obtained by means of vacuum distillation, was a
colorless oil, b.p. 62C0./0.02 mm. Yield: 56.0 g. (35.0% based on
the amine).
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2. KN-4ietbylAMSigtede. - Liquid amoniS (100 M1.) was placedI In
a tbree-necked flask fitted with a mechanical stirror, an outlet tube
and a small separatory tunnel. The flask was surrounded with a bath of
metbylcellosolve and " dry-ice" to keep the temperature at -70"C.
Diethylsulfavlchloride (20 g., 0.11? mole) was added dropwise intwo
hours with vigorous agitation. The solution was stirred for two hours,
and the the flask was kept at rocm temperature in order to allow the
evaporation of the excess of liquid esmonia. The solid material was
dissolved in hot ether. The suspension was filtered and the ether
distilled off under vacuum.

The Vhite crystalline cempound, after two recrystallizations

frm ether, melts at 4iI40C. Yield: 9.5 g. (53.0%).

_ Cal•d. for C43aaOP-8 C, 31.-57; H, 7.95; N, 18.41.

Found a C, 31.149; H, 7.72; N, 18.49.

(17.1 g., 0.1 mole), butylamine (15.0 g., 0.2 moles), and 80 =I. of
chloroform were placed in a flask fitted with a reflux condenser.
The reaction mixture was held at 70°C. for 8 hours. The excess of
chooform wa then distillea oft•, an~d the remaining dar~k oily material
was shaken in a separatory flunnel with ether (100 ml.) and water (200 ml.).The ether layer wvn dried over anhydrous CaCI 5 and the ether distilled

oft leaving a dark oily residue.

The product, obtaineit aefta two vacuum distillations, was a colorlessoi1, b.p+. W•C./O.1 um., Its 1.4ý10.o

Anal. Caled. for ConseNsO2 s: c, 46.16; H, 9.68; N, 13.45.

Found: C, 145.90; 11, 9.118; N, 13.114.

4. N, N-ethyl-N' -cyclohe•ysultemide. -- Diethylsulfemylchloride
(17.1 g., 0.1 mole), cyclohexylamine (20 g., 0.2 moles), and 50 ml. of
chloroform vere placed in a flask equipped with a reflux condenser. Gentle
refluxing was held at 70*C. for 1 hours. The excess of chloroform was 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 CaCl,
and the ether distilled off leaving a dark oily materials.

The product, obtained after vacuim distillation, was a colorless,
viscous oil, b.p. 136 0C./i m. On standing the product solidified to a
crystalline mass, vhich after recrystallization from n-heptane melts at
49*C. Yield: 14.0 g. (60%).

Aa. Calcd. for Co0H"Ng0OS: C, 51.28; H, 9.47; N, 11.95.
Found : C, 50.80; H, 9.40; N, 11.85.
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5. N.N-d etb¥-N'-vhenlsv]famide. -- Diethyleulfezwlchloride
(17.1g., O.1 mole), -aniline (18.6 g., 0.2 moles), =nd 100 ml. of chloroform
were placed Insa flask fitted with a reflux condenser. Gentle refluxig
was held at 70"C. for 12 hours. The excess of chloroform was then detlled
off, and the viscous residue was dissolved in ether and filtered. The ether
was distilled off leaving a dark, viscous oily material.

The product, obtained after two vacuum distillations was a yellow-P 26-5oange oil, b.p. 171°C./2.5 rM., n5 1.526o.

Anal. Caled. for CloHeN2 0V8: C, 52.64; H, 7.06; N, 12.28.

Found: C, 52.48; H, 7.11; N, 11.95.

6. N1N-diethyl-N', N' -dibutylsulfamidc. -- Diethylsulfamylchloride
(17.1 g., 0.1 mole), di-butylamine (25.8 g., 0.2 moles), and 100 ml. of
chloroform were placed in a flask fitted with a reflux condenser. The
reaction, slightly exothermic, was complete after 1 hour with gentle
heating at 706C. After the removal of the excess of chloroform, the dark
residue was partitioned between ether and water by shaking in a separatory
funnel. The ether layer was dried over anhydrous CaCd2 and the ether
distilled off, leaving a viscous, yellow oil.

The product, obtained after two vacuum distillations, was a colorless

oil, b.p. 88°0./0.15 mm. 25 1.4500.

Anal. Calcd. for CHe2asN2O2 S: C, 54.53; H, 10.68; N, 10.60.

Found : C, 54.35; II, 10.-3; N, 10.31.

7. N, N-diethyl-4-morpholinesulfamide. -- Diethylsulfamylahloride
(17.1 g., 0.1 mole), 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 igorous, required external cooling;then gentle refluxing
was held at 700C. for 2 hours. After the removal of the hydrochloride by
means of filtration, the excess of chloroform was distilled off. The residue
was then partitioned between ether and water by shaking in a separatory
funnel. The ether layer was dried over CaC12 and the ether distilled off,
leaving a viscous oily material.

The product, obtained from vacuum distillation, was a colorless oil,
b.p. 91°C./0.15 mm., 2515 1.4695. Yield: 14 g. (70o).

Ana. Caled. for CSH1aN2 OsS: C, 43.24; H, 8.16; N, 12.61.

Found : C, 43.13; H, 8.25; N, 12.44.

8. N= N-diethyl-4-piieridinesulfmiuide. -- Diethylsulfamylchloride
(17.1 g., 0.1 mole), piperidine (17 g., 0.2 moles), and 100 ml. of chloro-
form were placed in a flask fitted with a reflux condenser. The very
exothermic reaction required external cooling, and then the mixture was
held overnight at room temperature. After the removal of the hyrochloride
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 CaCl2 and the ether distilled
off, leaving a viscous, oily material.



The product, obtained after vacuum distillation, was a colorless
oil, b.p. 90"C./0.03 mm., ro 1.4722. Yield: 14.6 g. (70%).

Anal. Caled. for C91 2 oN2 02S: C, 49.09; H, 9.15; N, 12.72.

Found t C, 48.77; H, 8.83; N, 12.84.

9. N,-diethl-N yohexl -methlsulfamide. -- Diethyloulfamyl-
chloride (17.1 g., 0.1 mole), cycloe whylsine 22.6 g., 0.2 moles),
and 50 ml. of chloroform were placed in a flask equipped with a reflux
condenser. Gentle heating was 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
vas washed with ether and filtered. The ether solution was then shaken with
water in a meparatory funnel and the ether layer dried over CaCla. The
ether was distilled off, leaving a viscous, oily residue.

The product, obtained after two vacuum distillations, was a colorlessoil, b.p. 101-102-C. /O.g Ma., n24 1.4726.

Ana. Caled. for C:2L1 4 N2OgS: C, 53.21; H, 9.74; N, 11.28.

Found : C, 53.40; H, 9.78; N, 11.16.

10. NhN-diethyl-Nlenvl-N'-methvlsulremjde.-- Diethylsuefamylchloride
(17.1 g., 0.1 mole) and riethylaniline (21.6 g., 0.2 moles) were placed in a
flask fitted with a condenser without solvent. Gentle heating was
required to start the reaction, but then it carried on at room temperature.
The mixture was left standing for 1 hour. The solid was dissolved in ether
and filtered. The ether layer was dried over CaCl 2 and the ether distilled
off leaving a yellow viscous oily residue.

The product, obtained after two vacuum distillation, was a colorless

oil, b.p. 98C./0.-l Mm., 25 1.5160.

nal. Calcd. for C.iHieNa20S: C, 54.55; H, 7.49; N, 11.56.

Found: C, 54.32; H, 7.16; N, 11.35.

11. Attempted Preiaration of Diphenylsulfamylchloride.-- Sulfuryl
chloride (30 ml.) and 50 ml. of benzene were placed in a three-necked flask
equipped with a mechanical stirrer, a reflux condenser, and a small
separatory funnel. The flask was surrounded with an ice-water bath.
Diphenylamine (16.9 g., 0.1 mole), dissolved in 50 Ml. of benzene, was
slowly added to the sulfuryl chloride with vigorous agitation. The mixture
was warmed and poured into a 500 ml. flask and refluxed gently for 12
hours. It was then left standing overnight. The precipitate which was formed
and crystallized from benzene.

The white compound, after two recrystallizations from n-heptane melts
at i8-i,ý90C., but it contains no sulfur. However, the chlorination
product 2,4,6,2',2',6' hexachlorodiphenylamine is reported in Beilstein
as having a m.p. of 138-139°C.

Anal. Caled. for C1aH5ClsN: C, 38.34; H, 11034; N, 3.72.
Fnund 4 C, 38.47; H, 1.51; N, 4.19.
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K. Discussion

.Synthesis of tifi- •~h tetrasubstituted sulfemides via reaction of
N,1-disubstituted sulfamyl chlorides with primary and secondary asines
presents no dif i'ulty 'hen the amines are reasonably strongly basic.
However, reduction in basieity, as by excessive substitution with aryl
groups limits the reaction. It will be profitable, of course) to check
this generalizatioc by use of additional amines of varying basitty
It is apparent that the products are obtainable in high purity with a
mibimum 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 stabilities. That they
are insoluble in water but soluble in organic solvents is an indication
of both their high degree of covalency and their general organic natures.

IV. S. hesis and Prereies of N-Substituted Sulfamides

A. Introduction

With the object of preparing new LEN,N'-trisubstituted and LfaNi',pN'-tetra-
substituted sulfamides in uhich the diethyl radical was replaced by an
heterocyclic group, reactions of N-cyclopentamethylenesulfemyl chloride with
different aliphatic and aromatic amines have been carried out during this
synthesis program.

For this purpose N-cyclopentamethylenesulfamyl chloride has been
preparad by the standard procedure (11) as modified by Audrieth and von
Brauchitsch (12). During this investigation, ten N-substituted sulfsmides
all of new composition of matter not reported in the literature, have
been prepared and characterized.

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

c/ - cH2

",N-SOzCl + 2H2N-R -0

"N -S -H-R + [R-NH 3]+Cl• cU --- -

Where: R = H, CeHia-, 2-Cxef7-, CGHs-, CsHsC1a-,

-l 3COH4-, R-CHsCSH4-, M-CHSCsH4-.

However when secondary or heterocyclic amines are employed the reaction



13*

*l --t Ff -I CO ON C5 0
6 

4 ad I A x O\ - c . - -~

w 1W
ýp Ul I I ' U

r1 QN

Ho~

ON rc o c N t

tr\ L U\ I'\ V

LIUgý cc

Q '4
C1AIIII

co

E-

w0

's rA 9 t? ;
XA

V~.~ JzŽ



14

Tabl* IV

pro~ete o r--and Tatxraeubstituted Sulfamides

14.P. B.P. nt~C*

Cc~ound(8c.) (OC./mm.)D

N,N-diethyloultamide 4 - .

N, N-dtethyl-N' -phenylaulfemide -- 171/2.5 1.5260

N, N-cliethyl-N , N' -dibirtyl-
sulfami~de -- 88/0.15 1.4500

N,N-diethyl-N' -cyelohexyl-
su3.famide 4+9 136/1.0

N, N-diethyl-Il-morpholine-
suit ami de -- 91/0.15 1.134695

N, N-diethyl-4-piperlidine-
ouit amide -- 90/0.03 1.4722

N, N-diethy 1-N' -cyclohexyl-N' -
metvhyluulfarnide -- l 01102/0.2 1.4726

N, N-&tothyl-N I-phenyl-N' I
mothyloulfamide -- 98/0.1 1.516o

N,N-diethyl-N' -butylaulfamide -- 87/0.1 1.4510



prboeeds as, follows:

CHH2 + C2IN 04

2C DCIN -a -N + [pRt'3 2]+ C1-

H2- CM2  41 R0

'Where: R R q is an heterocyclic group such as morpholine

LR'- CH&'

The following N-substituted sulfwnides vere prepared by this type of reaction:

I. N-eyclopentamethylenesulfamide

1I. ij-cyclopentamethylene-N' cyclohexylsulfamide

111. fl-cyclopentsmethylene-Nl'-2-naphthylsulfsnrade

IV. N-cyclopentanmothylene-N' -phenylsulfsmid.

V. N-cyclopentIamethylene-N'benzylsulfamide

Vt. N-cyclopentainethylene-fl'-p-tolylsulfamide

VII. N-cyclopentamethylene-N' -o-tolylsulfamid~e

VIII. .1-cyclopentamethylene-N 'm-tolylsul.famide

IX. Nj-cyclopentanethylenie-lf-morpholinesulfsmide

X. _i-cyelopentsniethylene-N 'methyl-N' cyclohexylsulfamide

All of these compounds, except E-cyclopentamethylenesulfamide, vere prepared
in this vay. E-cyclopentanethylenesulf'amide was prepared by adding drop-
vise the pure cyclopentamethylenesulfamyl chloride to an exccess of
liquid ammonia vith vigorous agitation over a period of 2 hours* After
evaporation of the excess of liquid ammonia at roon temperature,, the pure
product was obtained by rearystallization from normal heptane.

B. Physical Prgpert~ies

Tri- and tetrasubstituted sulfamides are all thite, crystalline
materials, except ]I-cyclopentamethylerve-Nl'methyl-I' oyclohexcylsulfamide,
vhich is a colorless oil. They are fairly soluble in the gamut of organic
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organic solvents, slightly soluble in boiling water, and insoluble in
cold water. Normal heptane and ether were found to be the best solvents
for their recrystallization. 

7

C. Attempted Preparation of Una3metricaul Disubstituted Sulfamides

The reaction of eryl-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 a period of time, in benzene as a
solvent, to yield the corresponding sulfamides as shown below:

COR

tN-802CI

0

+ 3 H2N-I' _+ T,,Mor + [11,0.]+Cl

6
As a matter of tact, not a 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 amnmonia, diethylamine
and ani.line, have been performed. The corresponding sulf4mides were
obtained.

Since no reactions with primary aliphatic amines are reported, we
found it interesting to car:-y out some as a possible approach to obtain
unsymetrically disuibstituted sulfamides. For this purpose we prepared
phenylacetylsulfamyl chloride (16) and then allowed the latter to reflux in
benzene over a period of time with butylamine in the molar ratio 1:3. The
reaction takes place easily and after the removal of the hydrochloride the
comNound, which was recovered after recrystallization from ether, melted at
125 0. This corresponds to the melting point of the symmetrical disubstitutd
sulfamide, e.g. _NN'-dibutylsulfamide, and microanalytical data agree for
such a compound.

Thus far, no further reactions have been carried out, but it seems
reasonable to assume that the behavior of primary aliphatic amines may not
be the same as that followed by amonia, secondary amines, or aniline Itself.

D. Experimental

The tri- and tetrasubstituted sulfamides synthesized were prepared
by allowing cyclopentamethylenesulfamylchloride (1 mole) to react with a
primary or secondary amine (2 moles) and refluxing in benzene as solvent.
In any case an excess of amine, to react with the hydrogen chloride
released, was usually used as acid acceptor. Numerical and analytical data
for the compounds prepared are smmarized in Table V.
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1. l C I nt mt&bylenesujtmlchloride. - To a solution of 70 a. of
sulfurylchloride (0.5mole) in 150 ml. of toluene, cooled in an ice-selt
bath, there were added dropwise with vigorous agitation 85 g. of piperidine
(1.0 mole) at such a rate that the temperature of the reactiodi mixture was
maintained below OC. Then 25 ml. of water was added and the mixtuie was
allowed to warm at room temperature. The toluene layer was oepvrated from
the aqueous layer and was washed successively with water, with id% hydro-
chloric acid to remove unreacted piperidtne, with sodium bicarbonate solution,
and finally again with water. The solution was then dried over NaeSO0 4 .
The excess of toluene was first removed by distillation and the residue was
fractionated under reduced pressure yielding a colorless oilý b,p. 95 0C/1
mm, Yield lO.O S. (40.0%).

•. Caled. for C5HtoNSO2Cl; C, 32.71; H, 5.49; N, 7.63

Found: C, 32.96; H, 5.55; N, 7.78

2. N-eyclotmentamethylene-N' -cvclohexylsulfamide. -
Cyclopentamethylenesulfamylchloride (9. 175 g., 0.05 mole), cyclohexylemine
(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 which was
reCoystallized twice from n-heptane. The pure compound was a white,
crystalline material, melting at 75*C. Yield 8.2 g. (65.0%).

Anal_ . Caled. for CaIH 22 NP0 2S: C, 53.64; H, 9.00; N, 11.37
Found : C, 53.62; H, 8.99; N, 11.26

3. ,N-.L.Lcopentamethy•l'-N'-2-na-hth~isUlfamide. - 2-Naphthylemine
(14.31 g., .1 lmole) di olved in 50 ml. of benzene and cyclopentamethylene-
sulfamylehloride (9.175 g., 0.05 mole) were placed in a flask fitted with
a reflux condenser. Gentle reflwcing was maintained for 12 hours. The
hydrochloride was removed by filtration and washed with ether. The
organic layer distilled off leaving a brown residue. This was dissolved in
boiling ethor from which on cooling a white material with melting point
115-116°C. crystallized. Yield 3.0 g. (20.0%).

Anal. Caled. for C1 5 H1 8N2 02 8: C, 62.05; H, 6.25; N, 9.65
Found : C, 61.81; H, 6.32; N, 9.63

4. N-eyclopentamethylenesulfamide. - Liquid ammonia (100 ml.)
was placed in a three-necked flask fitted with a mechanical stirrer,
an outlet tube and a small separatory funnel. The flask was
surrounded with a bath of methylcellocolve and " dry-ice' to keep the
temperature at -70*C. Cyclopentamethylenesulfamylchloride (9.175 6.,
0.05 mole) was added dropwise over a two-hour period 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 vas treated with hot ether and filtered
in order to remove the ammonium chloride. Upon cooling a white material
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was recovered which, after recrystallization from ether, melted at
1200C. Yield 4-5 g. (55.0%).

Anal. Calcd, for CsHl2N20,S: C, 36.57; H, 7.36; N, 17.06

Found: C, 36.82; U, 7.31; N, 16.88

5. N-eyclopentamethylene-N'-phenylsulf.amide. - Cyclopentamethylene-
uulfamylchlcride (9.175 g., 0.05 mole), aniline (9.3 g., 0.1 mole),
and 50 ml. of benzene were placed in a flask equipped with a reflux
condenser. The mixture was allowed to reflux for 12 hours, after which
time it was filtered to remove the hydrochloride. It was washed with
ether and the organic layer distilled off, leaving a dark residue. After
two recrystallizations from n-heptane, a white, crystalline compound was
obtained, giving a sharp melting point at 83"C.

Anal. Caled. for CjHieNaa0S: C, 54.98; H, 6.71; N, 11.66

Found : C, 55.18; H, 6.69; N, 11.39

6. N-e clooentamethylene-N'-benzylsulfamide. - To 10.71 g. (0.1 mole)

of benzylamine in 50 ml. of benzene, 9.175 g. (0.05 mole) of cyclopentamethylene-
oulfamylchloride were added, and the mixture was refluxed gently for 6 hours.
The hydrochloride was separated by filtration and washed with ether. The
excess of organic solvent was distilled off leaving an organs residue which,
after r=ccystallization first from n-heptane and successively from ether,
gave a wThite, crystalline material with melting point 100-1010C.
Yield 5.3 g. (42.0%).

_Anal. Ctcd. for C. 2 H1SNO930: C, 56.67; H, 7.13; N, 11.02

Found : C, 56.71; H, 7.33; N, 11.00

7. N-.qYeTcopentamethylene-N' -•-to•sulf•mide. - 2-Toluidine (10.71 g., 0.1
mole), c,.I solved in 50 ml. of benzene, and cyclopentamethylenesulfamyl-
chlori'Th (9.171 g., 0.05 mole) were placed in a flask fitted with a reflux
condenjer. Gentle heating was continued for 6 hours. The hydrochloride
was renoaed by filtration and washed with ether. The organic layer was
distilled off, leaving a brown residue which was recrystallized twice from
n-heptane. The pure compound was a white, crystalline material which melted
at 97-98'C. Yield 7.0 g. (55.50)

Anal. Caled. for C12H.BsN2028: C, 56.67; H, 7.13; N, 11.02

Found: C, 56.91; H, 7.20; N, 10.94.

8. N-eyelcoentamethylene-N'-methyl-ccloheXylulfamde. Cyclopenta-
methylenesulfamylchloride (9.175 g., 0.05 mole), methylcyclohexylemine
(11.32 g., 0.1 mole), and 50 ml. of benzene were placed in a flask equipped
with a reflux condenser. Gentle refluxing was maintained for 12 hours.
The hydrochloride was removed by filtration and washed with ether. The organic
layer was then distilled off, leaving a viscous oil which was partitioned
between water and ether and shaken in a separatory funnel. The ether layer
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was dried over calcium chloride and the ether distilled off, leaving an
oily iaterial. The product, obtained after vacuum distillation, was a
colorless, viscous oil, b.p. 134 0C./O.5 rna, n 1.4970. Yield 6 g. (45.0%).

kAnal Calcd. for Cj2H24N%02S: C, 55.34; H, 9.29; N, 10.75.

Found: C, 55.11; H, 9.20; N, 10.45.

9. N-bycloentamethyrlene-N'-m-tolylsulfamide. - Cyclopentamethylene-
sulfamylahloride (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
was separated 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 white, crystalline material melting at
123-124°c. Yield 9.0 g. (70.0%).

Anal. Calcd. for C12H18N2OgS: C, 56.67; H, 7.13; N, 11.02.

Found : C, 56.83; H, 7.15; N, 10.74.
10. N-cyolol ntsmethylene-N-o-tolylsulfamide. - Cyclopentametbylene-

sulfamylehloride (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. Gentle heating was required to start the reaction, but then it
continued at room temperature. The mixture was left standing for 2 hours.
The solid' dbtained was dissolved in ether and the hydrochloride removed
by filtration. The ether layer was then distilled off leaving a brown
residue vhtch, after recrystallization from n-heptane, turned into a white,
crystalline co'.Tpnund that melted at 9o 0C. Yield 8 g. (62.0%).

Anal. Calod. for CjeHasNp02S: C, 56.67; H, 7.13; N, 11.02

Found : C, 56.87; H, 7.11; N, 10.74

31. Y. y;clgen!a ethylene-4-.morpholinesulfamide. - Cyclopentamethylene-
sulfa'L 'orle(9.175 g., -.05 mole), rpholine (8.71 g., 0.1 mole), and
50 :i. c: benzene were placed in a flask fitted with a reflux condenser.
The rean-tion is very exothermic and no heat was necessary at the beginning.
Then ýjcnble 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 white crystalline compound with melting point 71-726C.
Yield 9.5 g. (81.0%).

Anal. Caled. for C9Hj5N203S: C, 46.14; H, 7.74; N) 11.96

Found: C, 46.27; 11, 7.70; N, 11.99

12. Phenylacetylsulfamyl chloride. - To a suspension of 25.987 g. (0.15 mole)
of potassium 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 snide in
toluene with 5.86 g. (0.15 mole) of finely divided alkali metal) 20.20 g.
(0.15 mole) of sulfuryl chloride in 150 ml. of toluene was added dropwise
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with vigorous agitation at Such a rate that the temperature could be
maintained at -36C4 by coolizig the reactibid flask with an iCe-salt
bath. The flask was then allowed to warm at room temperatUre, and
stirring was 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 absolute alcohol, yielded a white, needle-shaped
compound which melted at '75-760C. Yield 11.0 g. (315).

Anal. Caled. for CsH8 NO3CJS: C, 41.14; H, 3.45; N, 5.99

Found: C, 41.20; H, 3.62; N, 6.03.

13. Attempted Pre aration of N-&htnyl-N'ulsulf srIde. Phenylacetylsulfamyl
chloride (4.66 g., 0.02 mole), butylamine (4.38 g., 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 organic layer
was distilled off under vacuum and a brown, viscous oily material was left.
Upon being treated with water, a white crystalline compound was separated,
which, after recrystallization from ether, melted at 125 0C. This corresponds
to the melting point of N,Nt -di-butylsulfamide.

Anal. Calcd. for CaH2 oN2O2S: C, 46.55; H, 9.68; N, 13.46

Found : C, 46.38; H, 9.89; N, 13.36

V. Thermal Characteristics of Tri- and Tetra-Substituted Sulfsmide

A. Esnpd£ae

Theiretica14y, the liquid range of a compound should be given by the
diff'ýrece between the mid-point of the melting range and the mid-point
of th+ ,:oilin? range at one atmosphere of pressure. Unfortunately, it has
be.en '. r-nih'e to apply such a criterion exactly to the N-substituted
m~~�"i-.o ' i ", viously deu-ibed because all of these compounds decompose
," ,c.-ln!,, at normal p.oessure. Consequently, it has been feasible

on:.-Y -:: EAtmate an approximnate liquid range by subtracting the mid-point
of th4 *nalting range from the mid-point of the decomposition range.

Me4.lting (freezing) points were determined by the cooling curve
method. Volatilization (decomposition) ranges were determined by the
imot'od of Siwoloboff (17). Experimental data, in terms of uncorrected
twperatures, are given in Table VI and VII.

B. Thermal Stability

The thermal stability of a compound may be defined as the resistance
of the compound to decomposition brought about solely by thermal energy.
Methods of evaluating this property are purely empirical and must refer
quite arbitrarily to some selected standards of stability and temperature.
The method used here was designed for the rapid screening of compounds (18).
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It is based upon the observation that the thermal degradation 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 inert atmosphere for a specified time at a
specified temperature. For screening purposes in this study, 0.2-0.4 g. of
the sample was heated under nitrogen at 10 mm. positive pressure at 200*C.
(3920F.) for a period of 10 hours, and the weight loss was determined.

The apparatus used was a relatively simple thermal balance, constructed
according to the suggestions of Winslow and Matyerik (19). One pan of a
semi-micro balance is replaced by a platinum wire, to the other end of
uhich a Pyrex sample container is attached. The latter is contained in
a glass cell to whlh nitrogen can be admitted and which can be heated.
The weight loss is then followed continuously without interrupting tke
heating.

Experimental data are summarized, in order of increasing thermal
stability, in Tables VI and VII. All of the compounds that showed a weight
loss less than 3.0/, after 10 hours at 392F. have been classified
arbitrarily as thermally stable. Those showing a greater weight loss
have been termed thermally unstable.

C. Discussion

In terms 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, suggesting that aLctual
decomposition has occurred. This is supported by the observation that
when N,N-diethy1-N' ,_' -dibutylsulfamide was heated at 2506C. 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 cyclopentamethylene radical.
Of the other groups present, the butyl and phenyl radicals are well known
for their thermal stabilities. Compounds containin these have somewhat
enhanced stabilities, but no profound differences are noted. It is
reasonable to conclude, therefore, that the observed thermal instability
is due to the ethyl and cyclopentamethylene radicals.

VI. ynhesis and Proerties of N.N'-Disubstituted Sulfsmides,

A, Introduction

The importance of preparing and studying unsymmetrical sulfamidea of
the type 0

0

where H and R' are different alkyl or aryl groups, has been emphasized
previously. Although much work has been reported on the symmetrically
disubstituted compounds, RBS02 MNM no unsymmetrical compounds have been
doscribed.
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* •The symmetrical compounds are easily produced either by reactions
between sulfuryl chloride and amines at low temperatures in the presence of
an inert solvent (20) or by deammonation reactions of sulfamide with
primary aliphatic and aromatic amines. The synthesis of the unsymmetrical
substances, on the other hand, requires the monoalkyl (aryl) sulfamyl
chlorides, NHS 2OCI, as starting materials.

Attempts to prepare mono-substituted sulfamyl chlorides have been
generally unproductive. Secondary amines, 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 ethylaminehydrochloride with excess sulfuryl chloride for
48 hours, either in the presence of an inert solvent or in its absence, yields
unreacted ethylaminehydrochloride. On the other hand, treating a dilute
solution of sulfuryl chloride in an inert diluent with a primary amine in
the same diluent yields the symmetrical compound RNHS0 2 RIN and amine-
hydrochloride as principal products.

A survey of the literature reveals a number of attempts to synthesize
pure moncalkyl (aryl) sulfamyl chlorides. Although such compounds have
been postulated as intermediates, none has ever been isolated as such, and
the methods yield RNI=0 2MHR-type compounds. Similarly, Traube (21), by
treating potassium N-phenyl sulfamate with phosphorus(V) chloride,
apparently obtained the sulfamyl chloride only as an intermediate as

P0le CeH5 N%

Ce H5NHSO (CHNHSB0 2CI - -. CeH5 NfSO2 NHC6Hs

not isolated

Recently, it has been reported (22) that when a dialkylamidosulfinic
acid is treated with a stream of chlorine over a period of time, pure
N,N-diaslylsulfamyl chlorides result in satisfactory yields.

C14
2 1"•1TOSH + Cl 2> R2 NSOgCl + R2 NH.HCl + 80g.

Th. v',.ch as no data were given for monoalkylamido compounds, it has
beon oa .. Lerest to investigate this procedure as a possible approach to
monoalkyy! (aryl) sulfamyl chlorides.

It In well known (23) that primary aliphatic and aromatic amines react
with sunt.Nr dioxide under anhydrous conditions and in an inert solvent to
yield a~acts, as

ether
M112 + S02 -- > NI. s0o

where R-alkyl or aryl group. If chlorine is passed through such a mixture
a t room temperature for a period of time, an exothermic reaction occurs,
and NN'-disubstituted sulfamides result. Although the initial purpose of
isolating N-substituted sulfamyl chlorides, was not realized, this reaction
has given a new approach to the preparation of the symmetrical sulfamides
and has obviated the use of sulfuryl chloride.
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-It is reasonable to assume that the reaction involved takes place in
the following steps

ether
Z%'2 + S02 + 0 .s4 2 (-)

nM . +cx1. + C1 - o ci] + 01 + RMS+Cf+ S02 (2)
not isolated

1MS0 2Cl + H-So2 -NHR' + RIM '+Ci

where R=R'=C3H7 , C4Hs, CsH11, COHt., CeHrCHe. The following compounds have
been prepared by this meanG:

I. N, N ' -di-n-propylsulfamide
I1. N, N' -di-n-butylsulfamide

III. N, N' -di -t-butylsulfamide
IV. N, N' -di-n-Smylsulfamide
V. N, Nt -dicyclohexylsulfa-nide

VI. N, Nt-dibenzylsulfamide

Aliphatic asines react readily, with reactivity increasing with
increasing basic st.. . Aromatic amines such as aniline and p-
toluidine are oxidized by chlorine to uncharacterized red products but yield
no sulfamides. However, benzylamine reacts smoothly to give, in low yield,
a white, crystalline product, agreeing in melting point (161-182°C.) with
that listed for N,N'-dibenzylsulfamide (24).

B. Chemical and Physical Pronerties

"•he symmetrical disubstituted sulfamides are white, crystalline
coMipounld:, that are soluble in all the common organit solvents, quite
in.olublc in cold water, and only slightly soluble in boiling water. They
are bept recrystallized from carbon tetrachloride or benzene. Melting point
and '/, cal data are summarized in Table VIII.

ill,, 've of the presence of two acidic hydrogen atoms, they dissolve

readiy, vcueous alkali, yielding the corresponding alkali metal salts.

C. Er. , .',.

The nine-sulfur dioxide adducts were obtained by treating 0.05-mole
as!u,•ni•::, of the amines in ether solution with sulfur dioxide at OC. for
3-hc': pnri.ods. The symmetrical disubstituted sulfamides were obtained by
t . 005 mole quantities of these aclducto in ether solution with
chlo:.•c-ie gas for 2-hour periods at room temperature.

1. N,N'-di-n- rorylsulfamide. Two and ninety-five hundredths grams
(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
coAn.:niser, and an inlet tube fr sulfmr dioxide or chlorine. The solution was
coo).!e to OOC. and stirred vigorously while sulfur dioxide was passed
through it for a period of I hour. A white precipitate of the amine-sulfur
dioxide adduct separated. The contents of the flask were allowed to warm
to room temperE ure, and chlorine was passcd through the suspension for a total
of 2 hr., while an exothermic reaction took place.
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The reaction mixture wa 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 end dried
crude product was purified by recrystallization from carbon tetrachloride.
It was a white, crystalline compound, melting at 118-1190C.

Anal . Caled. for CeHj8eN2 0.S: C, 39.99; H, 8.95; N, 15.55

Found : C, 39.92; H, 8.65; N, 15.45.

2. N,LN.-di-n-butjlsulfamide. - Three and sixty-five hundredths
grams (0.05 mole) of redistilled n-butylamine dissolved in .00 ml. of
mnhydrous ether vas placed in a 3-necked flask fitted with a mechanical
stirrer, a reflux condenser, and an inlet tube for sulfur dioxide or
chlorine. Sulfur dioxide was then passed through the vigorously stirred
solution at O'C. for 1 hr., yielding a white, ether-insoluble adduct. The
suspension was allowed to warm to room temperature and treated with chlorine
for 2 hours.

The reaction mixture was filtered and the precipitate extracted with
ether. The ether layer wan concentrated under vacuum and treated with
water to precipitate the crude product. The dried drude material was
purified by recrystallization from carbon tetrachloride to a white
crystalline solid melting at 125 0C.

AngaX. Calcd. for Cae 2 oN2 02 S: C, 46.15; H, 9.68; N, 13.46.

Found: C, 46.51; H, 9.78; N, 13.22.

3. N,_N'-di-t-butylsulfsmide. Three and sixty-five hundredths grams
(0.(')5 rkolie of redistilled t-butylamine dissolved in 100 ml. of anh•droun
etbhe%' vns placed in a flask equipped vrith a reflux condenser, a mechanical
eti•'rr:, and an inlet tube for sulfur dioxide or chlorine. Sulfur dioxide
wa- .. v, passed through the solution for 1 hr. at OOC. with vigorous
aar i. The resulting suspension was alloved to warm to room temperature
ansi t :rnd with chlorine for 2 hours.

rY- v':tion mixture was filtered and the precipitate extracted
with et',h. The ether layer was concentrated under vacuum and treated
with .c The precipitated material was recrystallized from carbon
tetraLC •:.-'de to a white crystalline solid melting at 142-1430 C.

A r.. -d. for CaH2 oNOpa: C, 46.a5; H, 9.68; N, 13.46.

Found : C, 46.51; H, 9.78; N, 13.22

4. NN' -di-n-amyla•• 1famide. - Four and thirty-five hundredths grams
(0.05 mole) of n-amylamine dissolved in 100 ml. of anhydrous ether was
placid in a 3-necked flask fitted uith a reflux condenser, a mechanical

S:r~er, and an inlet tube for sulfvr dioxide or chloride. Sulfur dioxide
v passed th:.:ouGh the vigorously stirred solution for 1 hr. at OC.
Ca.lorine 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 sulfamide was dried and recrystallized from carbon
tetrachloride to a white, crystalline solid melting at 127-1280C.

Anl. Caled. for CjoV24,NgOgS: C, 50.82; H,, 10.24; N, 11.85.

Found : C, 50.92; H, 10.39; N, 11.89.

5. %NI-dicyelohexv1sulfamide. - Four and ninety-five hundredths
gram (0.05 mole) of cyclohexylemine 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 dioxide or chlorine. The
vigorously stirred solution was treated with sulfur dioxide at O°C. for
1 hr. The resulting suspension was then chlorinated at room temperature
for 8 hours.

The reaction mixture was filtered and the precipitate extracted with
ether. The ether layer was concentrated under vacuum to a volume of only
a few milliliters and traeted slowly with water with vigorous stirring.
The crude substituted sulfutide was recrystallized from carbon tetrachloride
to a white, crstalline substanca melting at 152-153°C.

Anal.Caled. for C,.2Hý2 N 2OpS: C, 55.37; H, 9.29; N, 10.76.

Found: C, 55.54; H, 9.06; N, 10.61

VII. Reactions of Dialkylsulfamyl Chlorides

with Polamincs.

A. Int'.oduction

Aminolysis of dialkylsulfasmyl chlorides with aliphatic, aromatic, and
b,-+irac clie amines to produce organic sulfamides, is described in the
lt+-rnti'e. Recently it has been of interest to investigate in detail methods
o'- 'n-L'iesis and both chemical and physical properties for a number of
,nch n'o.Touinds. No reactions involving the use of polyamines have been
thýe fa- r.norted, however, we found it interesting therefore, to investigate
severabl .ither to characterize this new class of compounds from a chemical
poinb of view or to provide a possible approach to increasing their thermal
stani lity.

Theoretically, on reacting dialkylsulfamyl chlorides with polyamines,
sulfrzylation might occur on one or both nitrogen atoms of the polysmine,
lev.lzrZ consequently to mono- or di-substituted derivatives. During our
investigation, it has been possible to synthesize twelve new di-substituted
cimpounds, but even under proper conditions, no mono-substituted derivatives
have been isolated. This suggests that perhaps sulfamylation occurs at the
meme rate on both nitrogen atoms of the polyamines employed.

These aminolytic reactions do not proceed as easily as in the case
in which aliphatic or aromatic amines are employed; the yields, averaging
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ca. 45%, are also lower. A reasonable explanation of these low yields
may involve firatly the fact that polyamines are commonly not very soluble,
and sometimes completely insoluble, in the organic solvents; consequently
the reaction may not proceed in a stoichiometrical 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 solubility
their recovery has not been thus far possible.

Four dialkylsulfamyl chlorides., e.g. diethyl-, dimethyl-, q-cyclo-
pentamethylene-, and n-morpholinesulfamyl chloride have been made to react
with ethylenediamine, hextmethylenediamine, n,'A piperazine, reSpectively.
Thus far diethylenetriamine has been caused to react only with n-cyclopenta-
methylenesulfamyl chloride.

Because of problems of insolubitlity, a specific solvent is required
for each reaction. Thus, reactions with ethylenediamine were carried out
in ether as a solvent; with hexamethylenediamine chloroform was employed; and
finally with piperazine alcohol was found to be the most suitable. The
reactions are exothermic and very often are cplete at room temperature
over a period of time; in some cases gentle heating was required for their
completion.

For synthesis purposes, diethyl- and n- cyclopentamethylenesulfamyl
chloride were prepared in the same manner as mentioned previously (9,12);
dimethylsulfamyl chloride was prepared by the standard Procedure (25).
j-morpholinesulfamyl chloride has never been prepared in this way. It was
known as a product of the reaction between n-morpholine chloroamine and
sulfur dioxide (2M), but we preferred to synthesize the material by
aminolynis of sulfuryl chloride. It is a colorless oil, which boils at
420, at 0.6 am.

Thi general reaction with ethylenediamine is given as an example in
the r" 'n

Xnfl,:L + 2H2N-(COT2 )2-NR2  - SO2 NH(CH2 )2 NHSO""N- +

+ [1HN(CH2)2N%]4+ 2Cl"

P = R' may be CHf, C2 Hels, C5H.Lo (from piperidine),
C43aO (from morpholine)

P.perAzine, hexamethylenediamine, and diethylenetriamine were employed

The following compounds were prepared by this type of reaction:

I. NN'-bis(diethylsulfamido)ethylenedismine
1. N•,N -bia(diethyliBfamn.do) hexFmethyl~.nedismine

III. N;, '-bi•s(diethylsulfamido)piperazine



IV. •s N' -bin(n-cyclopentsmethylenesutfamiido)etbylenediamine
V. .• N -bis(n-cyclopentamethylenesulfamido)hexamethylenediamine

VI. NjN' -bis(n-cyclopentametlhylenesulfamido)piperazine
VII. NN'-bis(n-moxrholinesulfamido)ethylenediamine

VIII. NjN-bis(n-morpholinesulfamido)hexamethylenediamine
IX. NN' -bis(_-morpholinesulfamido)piperazine

X. -,j' -bis(dimethylsulfamido)hexamethylenediamine
XI. NN'-bis(dimethylsulfamido)piperazine

XII. UjN' -N" -tris (n-cyclopentemethylenesulfamido) diethylenetriezmine

B. D~Zt ca ýP.Mt

The N-substituted sulfamides here synthesized are al3 -white,
crystalline materials. Their melting points are not sharp, and all sinter
a few degrees before they melt. They are insoluble in cold water and
sometimes slightly soluble in boiling water but not without decomposition.
In regard to organic solvents, every compound behaves in a particular way,
and to find a general rule is quite impossible. Those compounds 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 petrole•u
ether. Alcohol, carbon tetrachloride, and ether were found to be the
best solvents for their recrystallization.

C. Thermal Stability and Li Raid e

It has been emphasized previously that for screening purposes ve
may classify arbitrarily as thermally stable all those compounds which
show a weight loss less than 3.0C% when heated at a specified temperature for
a pvriod of 10 hours. According to this empirical criterion, among the
compounds here synthesized, only three are to be considered arbitrarily
as thermally stable at 200°C. (392F.). However, when the temperature was
ra•-.n 0 to 2200C. (4280F.), apprecLable thermal decomposition seeem to occur.
-ve, :,th these since loss of weight increases rapidly.

Of the remaining compounds, even at 200*C., none can be cl" -sified
as thermally stable inasmuch as thermal decomposition at that temperature occurs.

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

D. F..erimental

All the compounds were prepared by mixing the two components in the
molar ratio 1:1 in the appropriate solvent and leaving the mixture standing
at room temperature for a period of time or refluxing gently when necessary.
In any case an excess of polyamine was usually used as acid acceptor to
remove the hydrogen chloride released. The yields were calculated on the
basis of the dialkylsulfamyl chloride employed. Numerical and analytical
data for the compounds prepared are summarized in Table X.
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1. Dimethylsulfa•m1 chloride. - Dimethylemine hydrochloride (81.55 g.,
1 mole) and sulfuryl chloride (263 g., 2 moles) were mixed together in a
flask fitted with a reflux condenser. Gentle refluxing was continued
for 12 hours, after which time the evolution of hydrogen chloride ceased.
The mixture was cooled to OC. and treated carefilly with a 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 wator and dried over calcium chloride. After the
removal of the ether, an oily material was obtained, which was purified
by means of fractional distillation. The pure compound is a colorless
oil which boils at 42 0C./o.6 mm.

Anal. Caled. for CnH 0ClN02S: C, 16.74; H, 4.21; N, 9.76.

Found: C, 16.76; H, 4.20; N, 9.76.

2. N-mo holinesu.L-am.ylchloride. - To a solution of 70 g. of sulfuryl
chloride (0.5 m in 15m of toluene, cooled in an ice-salt bath,
there were add2ed drop-wise ttith vigorous agitation 87.12 g. of morpholine
(1.0 mole) at such a rate that the temperature of the reaction mixture
was maintained below O'C. Then water vas aUied, and the mixture was
allowed to warm to room temperature. The toluene layer 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 solution was then dried 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. 76*C./0.3 mm.

&aFl. Caled. for C4H8CINO,2S: C, 25.88; H, 4.34; N, 7.54.

Found : C, 25.99; H, 4.46; N, 7.50

3. N.N'-bis(diethylsulfamido)ethjlenediamine. - Diethylsulfamyl
chloride (17.1 g., 0.1 mole), disoolved in 70 ml. of ether, was placed in
a three-necked flask equipped with a mechanical stirrer, a reflux
condenser, and a small dropping funnel. EthylenedismIne (6.0 g., 0.1 mole)
was addcd drop-wise at room temperature with agitation. After the addition
was completed, stirring was continued for I hour. Tho mixture was then
treated with water and the ether layer separated and dried over calcium
chloride. On distilling the excess of other, a white compound was recovered,
which was found to be insoluble in cold water but very soluble in most
of the organic solvents. The pure compound, after recrystallization
from alcohol, was a white, crystalline material, melting at 520C.
Yield 8.0 g. (149,').

Anal . Calcd. for C.oHGN404GS: C, 36.35; H, 7.93; N, 16.96.

Found : C, 36.36;,. Ti, 7.76; N, 16.73.

it. NIN-bis•Le tylsulfamidpghexMeyene.iatne. - Dietbylsulfamyl chloride
(17.1 g., 0. 1 mole) and hexamethylenediamine (12.0 g. j 0. 1 mole) dissolved
in 100 ml. of benzene were placed in a flask equipped with a reflux condenser.
Centle refluxing was maintained for 3 hours. The hydrochloride was removed
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by filtration and washed with benzene. The excess of solvent was then
distilled off, leaving a yellow residue which was purified by several
recrystallizations from carbon tetrachloride. The pure compound was a
white, crystalline material, melting at 65 0C. Yield 6.0 g. (31%).

Anal . Calcd. for C04 Ha4N4 O4 S2 : C, 43.50; H, 8.86; No 14.50

Found : C, 43.24; H, 8.52; N, 14.36

5. N, N' bis(dieth, Isulfamido)pijerazine. - Diethylsulfamyl chloride
(17.1 g., 0.1 mole) and piperazine_(19.42 g., 0.1 mole) dissolved in 100
ml. of alcohol were mixed together in a flask equipped with a reflux
condenser. The reaction proceeds at room temperature while a white
precipitate is formed. Gentle heating was maintained for 8 hours in order
to complete the reaction. The hydrochloride was then separated by
filtration and washed with alcohol. The alcoholic solution concentrated
under vacutun. A yellowish residue was left. It was treated vith water
to remove traces of hydrochloride and filtered. The crude material after
recrystallization fr.oa ether gave a white, crystalline comrlound which
melted at 107-8 0 C. Y:.eld 7.0 g. (39.).

Anal. Caled. for Cn1fH,2,•jO0,Sp: C, 40.44; H, 7.92; N, 15.72

Found: C, 40.68; 1, 7.73; N, 15.62.

6. NN'-bipn-p oLap!nt y.'tenestlfwi!d~o~e",Mlenediamine. N-
cyclopentcýa-tlhylenesull.a'iyny chloride (9,175 g., 0.05 mole~yas dissolved

io t0 ml. of ether and placed in a three-necked flask equipped with a
mcchanical stirrer, a reflux condense;; and a small dropping funnel.
Ethyleneediamine (3.0 g., 0.05 mole) was added drop-wise at room temperature
with agitation. Aft+•.r thln twjihi.on, stirring was continued fot 2 hours.
U-pon aAaInG water to the clear solution, a white precipitate insoluble in
ether and water was formed. It was filtered, washed with water to remove
traces of hydrochloride, and dried. The compound show d a great
insolubility toward cold water, carbon tetrachloride, ether, and benzene.
It -,ms found to be very soluble in chloroform and alcohol. After recrystalli-
vition from alcohol it melted at 128-12C•°. Yield 3.0 a. (3).0 4 ).

.Ana. Calad. for CiaH-eN4 04 S2 : C, 40.67; H, 7.39; N, 15.81

Found: C, 40.82; II, 7.34; N, 1.5.51

7. eN'-bis(n-9ealM!ýntaneth lenesulfsmido)pipera7:ine. - Piperazine
(9.71- g., 0.05 mole) dissolveQ in 80 nl. of alcohol and cyclopentamethylene-
sul.tnmyl chloride (9.175 ;., 0.05 mole) were mi;:ed together in a flask
fitted with a reflux condenser. The reuction sturted at room temperature
while a precipitate was formed. Gentle refluxing was then held for 2 hours.
The precipitate was filtered and washed with alcohiol, and the alcoholic
solution concentrated under vacuum, leaving no residue. The mixture of
comrpound and hydrochloride was then washed with cold water until the water
solution did not give a positive test with silver nitrate. he dried
product was found to be insoluble in cold water and in all the organic
solvents but fortunately could be recovered from the mixture in high purity.
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It is a white, crystalline material, which melts at 241-2420C. Yield
5.0 g. (485)

Anal. Caled. for Cl 4 H2 8 N4 04 S2 : C, 44.19; H, 7.42; No 14.73

Found : C, 44.36; H, 7.26; N, 14.92.

8. N-bis(n-eyeloientamethvlenesuJ.famido)hexmethylediamine. - Hexa-
methylenediamine (6.0 g., 0.05 moleT dissolved in 80 ml. of benzene and
cyclopentamenthylenesulfamyl chloride (9.175 g., 0.05 mole) were mixed
together in a flask equipped with a reflux condenser. Gentle refluxing
was maintained for 4 hours. The hydrochloride was removed by filtration
and washed with benzene and the benzene layer concentrated under reduced
pressure. A yellow residue was left, uhich was washed with water to remove
traces of hydrochloride and filtered. The crude dried product, after
several recrystallizations from carbon tetrachloride, yielded a white
powder which melts at l05-L060 C,, sintering a few degrees before melting.
Yield 5.0 S., (49%).

Anal .Caelcd. for C.e1•1saL.•,• . C, 46.81; H, 8.35; N, 13.65

Found : C, 46.70; 11, 8.25; N, 13.48

9. N,N' TI i-trio (n-WLopoent metý.yl~eneiu.Lfamidoa)dith lenetrismine. -
Deh1nF.riin (568g, 0.5 mole) dissolved in 50 ml. of alcohol and

n - .yclop,± o:-ame ylen.2z,.riy1 chloride (13.762 g., 0.075 mole) in 25 ml.
of, a.cobol were mixed together in a flask fitted with a reflux condenser.
r'-I reaction started at room temperature and was exothermic. The mixture
v:v left standlng for 1 hotvv. Then Zentle refluxing was :oeintained for 3 hours.
',h. hydrochloride was seporated by filtration and washed vIth alcohol, and
the alcoholic layer wcs concentnated under vacuum, leaving a viscous
oil. Upon addina water, the oily material was transformed into a sticky
solid, which after recrystallization from alcohol gave in yoor yield a
white powier Vi.ich melts at 129-1350C.

•..tl. Calcd. for C1 5H4 0N5O0S 3 : C, 41.89; H, 7.40; N, 15.43

Found: C, 41.78; H, 7.51; N, 15.73.

10. NN' M-bis(n-morpholinesulfsmidolethIynediamine. - N-morpholine-
su;Lfwy. chloride (9'.-8 -g.j •. 05 mole) was disaolved in '0 ml. of ether and
plnrc, d in a three-necked flask equil:ed with a mechanical stirrer, a
:vrl.ux condenser, and a small dropl1i•ig funnel. ithylenediamine (3.0 g.,
0.05 mole) was added drop-wilse at room templerature with agitation. After
the addition, stirring was prolonged for two hours. Upon adding water to
the ether solution, a white precipitate insoluble in water and ether was
formed. It was filtered, vashed with water to remove traces of hydrochloride,
and dried. The pure compound) after recrystallization from alcohol, was a
c-ystalline material which melts at 130-131 0 C. Yield 5.0 g. (535).

Anaýl. Calod. for CIoHZ2 N,0aS2 : C, 53.51; H, 6.18; N, 15.63.

Found: C, 35.65; H, 6.06; N, 15.65.
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11. N,NI'bis(n-morpholinesulfamido)hexemethylenediramine. - Hexamethylene-d:LsmIneWoOg. 0.05 moiOje• dsissoved in 80 ml. of benzene and n-
morpholinesttlfemyl chloride (9.28 g., 0.05 mole) were mixed together in a
flauk fitted with a reflux condenser. Gent'.e refluxing was malnzrained for
two hours to complete the reaction. The precipitate which was formed was
separated by filtration and washed with cold benzene. On concentrating the
benzene layer, no residue was left. The solid material, insoluble in benzene,
was then washed several tiie3 with water to remove the hydrochloride. The
crude product, after recrystallization from alcohol, gave a white powder
which melted at 1l9-120°C. Yield 5.0 g. (49-).

.aal. Caled. for C4I1aoN4 06S2: C, 40.56; H, 7.29; N, 13.52

Found : C, 40.40; H, 7.31; N,?13.46

12. NE,'i-bis(-n-morpholinesulfPFuido_)piprazine. - Piperazine (5.1 6.,
0.05 mole) dissoud.-• rvl. of alcohol and n-morpholine sulfamyl chloride
(9.28 g., 0.05 mole) er-r, wnLxed together in a flask equipped 1rith a reflux
condenser. The veactiun took place at room ter.np.rscure, and a white
precipitate was fernceS I-." nixture -.ms then -.eft. standing for 2 hours.
The compound, which umnr fojid to be insoluble in alcch.-i, wvs separaied by
filtration, and the rc,•siduc was washed several times vith wabor to remove
the hydrochloride. The pure dried product was a white crystalline material
ihich melted at 255-256 0C. Yield 5.4 S. (56f).

Aral Calel. for C1N?.4 NA.0,Sa: C, 37.49; H, 6.29; N, 14.58.

Found: C, 37.70; H, 6.28; N, 14.76

.. NN - ( rui' ethylnediamine. - Hexamethylene-
..*Ie ( 0 g.;'0.1 i-•jfJ- "is Iov'd in 100 m-J.. of benzene and dimethyl-

sWI :o..armyl ohloride (1, y3 g., 0.1 mole) vere mixed together in a flask
ff.t u.& with a reflux v;nidenscr. The reaction, uhich is exothermic) started
N; room temp0eratuTe, s:and the mixture was left standing for 1 hour. Then

"'.h.l heening, was con'i.nued.'or 2 hours in order to complete the reaction.
Sbu hydrozhlor'd( was removed by filtration and washed with benzene. The
".•V'r,•ue l•.yer -wu concentrated under reduced pressure leaving a dark residue.
'" crude materisl was washed with vater, filtered, and dried. After

xecovystallizetion from alcohol, the pure product was a white crystalline
mate.rial which melted at 120-121°C. Yield 10.0 a. (60Z).

n.al . Caled. for C±oHcoN4 04S%: C, 36.34; H, 7.93; N, 16.95.

round: C, 36.28; 11, 7.94; N, 17.04.

.4. .methylsu nazie. - Pipeerazine (19 . 4 g., 0.1 mole)
eisoolved in 100 ml. of alcohol and dimeth.-lsaifanyl chloride (14.35 g., 0.1
r'ole) were mixed together in a flask fitted with a reflux condenser. The
:'eintion is exothermic and proceeds at room temperature. The mixture was then

- standing for 2 hours, after which time the precipitate was filtered and
•vý'-hed with alcohol. The compound, which is insoluble in alcohol, was
neŽpArated from the hydrochloride by means of several treatments with cold
wa'er and dried. It was a white, crystalline material, which melted at 217-
2180C. Yield 7.5 g. (50.).

Anal. Caled. for C8H2 oN4 04 82 : C, 32.00; H, 6.71; N, 18,66

Fotind: C, 31.(9; H, 6.64; N, 18.55,



E. Discussion

Dialkylsulfamyl chlorides, when reacted •ith polyamines, did not yield
products the thermal stabilities of which were as promising as we hoped;.to
achieve. Of the polyamines that have been used for synthesis purposes,
piperazine produces sulfanide derivatives more stable thermally than those
obtained when ethylenediamine, hexamethylenediamine, or diethylenetriamine
are employed.

Although a great deal of effort has been expended thus far in order
to increase the thermal stability of the sulfamlde molecule, no promising
results have been obtained. Perhaps the sulfur-nitrogen bond in the
molecule of sulfamide is too weak to prevent the evolution of sulfur
dioxide when oulfamide itself or its derivativeS are heated above 200tC.
All experimental evidence points to this conclusion.

VIII. Syntiesis of Sodium Polvsulf Ides and Their Reactions

with Reactive Hjalogen oun_.dss-

A. Introductloax

In the past, the i.ahy•rous allzali metal polysulfides have been
prepared by direct combination of the elements, either vith or without a
solvent, or by reaction of itodium hydrosulfide vith sulfur in ethanol
rolution '%20). Ib hr. now b.Len found that solutions of sodium hydrosulfide

".nhyclrous .lquid a.tonicl. ill react with sulfur, thus providing
...'her path to the oyjbh ris of anhydrous sodium polysulfides (27).

T•b reaction thus yieds i.he di-, tetra-, penta-, and the questionable tri-
'.."•de of sodium.

Reaction of sol.to, of sodium hydrosulfide and sulfur in liquid
nvznia with reactiv-°. halogon compounds was further Invcstigated as an

extension of wor.k flL':ady in progress.

"SP.Lhsi of Sod!,v Polysulfides. - The general procedure consisted of
r:.. •nsln anhy&-ous nmionia onto a mixture of sodium hydrosu.lfide and
nulz'ur. The distillation of the ammonia wns done in a vacuum line. The
a.;Thycoue sodium hydrosulfide ias synthesized by the reaction of sodium
ei,hoxide with hydrogen sulfide in ethanol solution.

In a typical reaction for the preparation of sodium disulfide,
3..5C g. (O.O625 mole) of sodium hydroswlfide i.ms mixed with 1.00 g.

u0.O313 no~.c) of sulfur in an oven-aried reaCtion flask. The flask was
When evacuated to a pressure of about 5',1 flushed with dry nitrogen, and then
evacuated again. This flask was cooled to -0 0 C. by a bath of Dry-lee
and methyl cellosolve. One hundred milliliters of ammonia was distilled
ý,;',msn from sodium intO the flask containing the mixture of hydrosulfide and

. r •When the mixture of sodium hydrosu2iOide, sulfur, and ammonia was
:i,..:red (magnetically), dis solution occurred vith the formation of a deep
r,!d color. Upon evaporation of the ammonia and heating the residue at
1500C and 5/'pressure for 3 hours, pure sodium disulfide was obtained.
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The reaction conforms to the following stoichiometry:

2 NaHS+ (x-l) S) NaPSx + H1 S

with the hydrogen sulfide actually being volatilized as ammonium hydrosulfide.

In a similar fashion one may obtain Na2 S 4 , NagSri and a substance
vhich fives an analysis consistent with the composition NaeS3 . Comparison
of the x-ray diffraction pattenis of Na2S2 and NaMS 4 with that of %a2S.
indicates that the NaQS 3 is a one to one mixture of NaaS2 aid Na.S2 (26).

2. Reaction of Pol~gulfiQe Solution thHalosen~ound•4.. - Methylene
chloride will react with the red solutions of N2 11S and sulfuLr in liquid anwonia
to yield white to light yillow powders which are inboluble in all common
solvents. The composition of these materials is variable and has been
observed to range from CHS-.,.. 5 to CII2Sj?.. •. When warmed slightly, these
white povders form rubbbv, ' green masses having a foul odor. Sharp x-ray
diffraction ptern'...: in .Late that these substances are rcxyttalline in nature.

C. Discussion

The reaction of sodlim hydrosulfide with sulfur in liquid ammonia provides
a new convenient means f the preparation of anhydrous sodium polysulfides.
The reactions of the hy3d,;: ,ulfide-sulfur solutions in ammonia with methylene
chlori,&: and simiv', sou,,ý .Lnkds onens up an interetting area for investigation
,n- thc! :.' l- of ~ ~rt J inorcanic polysuL~ides.

IX. Att-ert;r•r . 1ox of N-Substit';ted Sulfamides.

Sulfanide or its N5..,Iiubatituted derivatives are examples of typical
n.lasses of compounqs suscoptible to further alkylation on one or both
n.Wtrogen atoms. Displaceinent of the two remaining hydrogen atoms in the
,'i.substituted der.I.a,;:Lwv., of sulfomide by means of hydroxyethyl groups
';:,i; b1cta undo% invesVJý;ation as a probable approach -to the synthesis of _N&-

!N, -dhydr xyvhylsulfmide derivatives. hilong the several
aoproo'O leg that theorotically mirht leaft to the synthesis of the desired
products, the following may be mentioned.

(a) Reacti~n cf the sodium salt of N-disubstituted sulfamides with

ethylene chloridrine according to the following equation:

Na Na R R

R-4-SO-N-R + 2 Cl-CH:,-CIHOIIH - N-S0n-N + 2NOC

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

R 'A

R-NH-0 2 -NI-f + 2 CO - C112 4 N-SO(-N

0 110(ii2) a (cui_) 2_oH
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It has been our interest, however, to achieve the same results by
using ethylene carbonate as principal reactant because of its known power
as an alkylating agent in many 'rganid reactions and to study the nature
of these interesting ditect nudleophilic substitutions. Furthermore,
ethylene carbonate is a solid, 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:

R-H-0_-NHlSa~-1R + 2 ýJ * 2CO2 + *N~ 2 N
~0 - ~ HO(H2C)2  (0I12)20OH.,\ 1

* CO

For this purpose the dialkylsulfawide and ethylene carbonate in a molar
ratio 1:2 have been mixed together in the absence of solvent and heated
for 10 hours at 1500 C. At that temperature the reaction starts with evolution
of carbon dioxide. Unfortunately, no definite product has been obtained as
yet.

7he very viscous material which was left did not solidify on standing,
nor could it be recrystallized when dissolved in organic solvents. An
-•'tmpt et purification by means of distillation under reduced pressure

":lted in a violent decomposition. Although several experiments have
n *- co.•rried out and the results achieved not as promising as was expected,

* -•"• tic•al work will be carried out in the near future to elucidate this
-tion more nearly completely.

X. Attempted Polycondensation Reactions of Sjufuryl

Chloride and Poqtirines

A. Introduction

Generally polycondensation, e.g., polyamidation and polyesterification,
has been carried out in the past by means of melt polyinerization. The
procedure vorks properly but has somsie limitations. Temperatures, for
example, average around or above 200°C. in order to permit removal of the
lov-molccular-wiiht products, and ve~'y often a difficult laboratory
procedure is required.

It has been found more recently that the Schotten-Baumann reaction
of an acid chloride with a compound containing an active hydrogen atom can
be made the basis of a simple laboratory process, called interfacial
polycondensation. Polycondensations carx-ied out in this way are more rapid
and can be effected in common equipment under ordinary experimental conditions.

In spite of the fact that the Schotten-Baumann reaction, which is run
in an aqueous system, might lead to the partial hydrolysis of the acid
chloride groups and inhibit the chain growth of the detired polymers, many
polyurethanes, polyamides, polyureas, and even polyFu•Ifonamides have been
prepared by this method (28) in excellent yields and high molecular vcights.
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Among the various oiganic and inorganic diacid chlorides used for
the preparation of polysulfonabides, no mention 'was made to sulfuryl
chloride as a starting material. We otind it interesting, therefore, to
attempt some ;olycondensation reactions by means the two-liquid-phase
process in as much as the amine-acid ahloride procedure in an organic
solvont containing an acid a!ceptor is very difficult to control and
yields hydrochloride as by product.

Theoretically, the reaction of sulfuryl chloride with a primary diamine

should proceed according to the following stoichiometry:

interface
XEO-R-MP +Y Cl-SO 2-Cl x' -NI..R-NHSO 2] - + 2yHCl

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 correct pH control of the system
a:re strongly recommended for the completion of the reaction.

Ui'.ortunately, the jeveral experiments thun far performed in which
ethyleua.•diamine, 1,6-hexanediamine, and piperazine were used have given
no positive results. When redistillea sulfuryl chloride dissolved in
mothylene chloride was slowly added to a wll-stirred aqueous solution of
the polvamine containing sodium hydroxide or sodium carbonate,no poly-
-onden•,•tion took place, but slow hydrolysis of the diacid chloride occurred.

solid was left on evaporating the org•anic layer, which excludes the
"),s 'ility of formation of u soluble polymer. Chloroform and carbon

." %trachloride have been used instead of methylene chloride and the molar
.. ,.ncentration of the reactants varied, but in no instance could imj~rovements
be achieved. At tbe --resent, we must conclude that sulfuryl chloride seems
not to be a suitable snibstance for the interfacial polycondensation
procedure. The fat that under the sane conditions other disulfonyl
chlorides were found successful for the 1ireparaclon of high molecular
welght products lirs perhaps in their lesser sensitivity in respect to
> ydrolysis. An a matter of fact the best polymers were obtained when
L-romatic disulfonyl chlorides were allowed to react with aliphatic
polyamines (29). Sulfuryl chloride is too soluble in water to limit its
tendency to hydrolysie a-en at low temperatures.

Although the results at the pre•:ent time are not at all promisings
other experiments will be carried out in the future with special attention
to the pH of the system in order to study further this kind of polycondensation.

XI. Deammonation Procdlcts between Sulfamide and Polyamines

A. Introduction

Since no inorganic-organic polymers could be obtained by means of
the interfacial polycondensation procedure, another approach to the
synthesis of the desired materials has been attempted. Sulfamide, with
two amino groups in its structure and because of the increased acidity of
its two nitrogen atnmrn due to the rresence of the n~fone eroup, Appears to
be an ideal material for dea~monation reactions with polyamines. As a result
of application of such a process, polýmeric materials similar to those
which could not be prepared by the Schotten-Baumann method might be obtained.
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The capability of oulfemide to react with amines containing at least
one replaceable hydrogen atom to give, with evolution of ammonia, f-
substituted aerivatives is 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 are also reported to give a variety of products, the course
of the reaction being related to the pH of the solution. In mildly acidic
(pH-4) or basic (pH=8) solutions, resins of quite low melting points were
obtained (30). Later work (31) reported that under neutral conditions
sulfamide and formaldehyde yield a cyclic compound, pentamethylenetetramino-
sulfone, m.p.=224-225OC. Finally, when this condensation was effected
in strongly acidic solutions (32), tetramethylenedisulfotetramine, m.p.=225-
260 0C. (decompn.), was obtained.

Among primary dimines, sulfamide is reported to react with ethylene-
diamine and formaldehyde(3) to yield 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 out new reactions in order to elucidate the behaviour of these
condensation reactions of sulfamide.

For this purpose, sulfamide was prepared by anmonolysis of suJlfuryl
chloride in liquid ammonia according to the procedure of Goehring and
coworkers(33). SurprisinCly, when sulfamide and formaldehyde were allowed
to react in the presence of ammonium hydroxide, e.g., under alkaline
conditions, the compound was not pentamethylenetetraminosulfone as claimed
b y Paquin, but rather the tetromethylenedisulfotetramine, which Hecht
and Honecka reported to have obtained in strongly acidic conditions (32).
On the other hand, sulfamide and ethylenediamine in the presence of
formaldehyde undergo condensation to yield homopentamethylenetetramino-
sulfone as reported earlier by Paquin (31). On the basis of this result)
l-6-hexaaediamine, piperazine, and p-phenylenediAmine 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 d'?ferent 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 dearmonation
readily oocurc with the zrwjuetion of N-substituted sulfamides.

Experiments ware run with sulfamide in the molar ratios 1 aun

2:1 with respect to 1,6-hexanediemine, ethylenediamine, and piperazine.
The general reaction proceeds as follows:

90-100°c
HgN-RNIT2 + 2%-N-0O2NII%- Hý2N.CO 2 NR-NH-SO 2 NR2 + 2NE3

Piperazine and ethylenediamine when liermi:Ltted to react at 90-1006C.
in admixture with sulfamide, either in the molar ratio 1:1 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 sodium hydroxide, however, must
be very small since imidodisulfamide might be produced (34).
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Hexamethylenediamine behaves in a different manner toward sulfamide.
The reaction is related to the concentration of the reactants, the
temperature, and the time. In the molar ratio 1:2, l,6-hexanddiamine and
Oulfamide undergo deammonation at 80-100*C. to yield the corresponding
N,_'-disubstituted sulfamide derivative. However, in the molar ratio 1:1
at 1200C for 6 hours, further deommonation takes place with the production
of a probably linear polvMer as shown in the folloving equation:

1200C.
H2N-(CH2 )G-NH2 + HN-SO2 -MN2 6-o- nNH-(CH)e-MS + NH3

The compound is a white pouder, melting at 236-238°C. with deccmpn. It is
insoluble in the gamut of organic solvents and in boiling water, but is
fairly soluble in boiling DWm and DISO. The not very sharp x-ray patterns
and the high insolubility lead us to believe that the compound is polymeric
in natiure and corresponds to the structure shown above. Besides the strong
absorption in the 5280 cm." re,,ion of its infra-red spectrum, which is
characteristic of the -NH-stretchina vibration, excludes any possibility of
cross-linking.

B. Phical Proerties

The N-substituted sulfamides here synthesized are all white
crystalline materials, insoluble In most of the organic solvents, but
sligh-lv soluble in hot ethanol and boiling water. Consequently, these
t o solvents were found the best for purification.

,oEi:mertmenrtal

1. 8ulfamide. - A 2-liter, 5-necked flask, equipped with a mechanical
stirrer, a dropping funnel, and a vent, was cooled at-7O0C. by means of a
Dry Ice-methylcellosolve bath. Some 300 ml. of liquid ammonia was then
condensed into the flask at -700C. A solution, consisting of 70 ml. of
sulfuryl chloride in 500 ml. of petroleum ether (b.p. 90-1100C.) was
added dropwise and with vigorous stirring over a period of 3 hours., The
flask was then allowed to warm over night to room temperature to remove
unreacted ammonia. The ether layer was removed by vacuum distillation and
the product dried at room temperature. Two extractions, each with 25,0 mlJ
of ethyl acetate, were carried out. From each, white crystals resulted upon
removal of the solvent. The remaining solid was dissolved in a sailution
obtained by diluting 20 ml. of 12 W hydrochloric acid to 150 ml. %4ith water.
This solution wms evarorated and the brown solid obtained extracted with
ethyl acetate. The combined crystals from the ethyl acetate extractions
were dissolved in boiling ethanol. Cooling save white, crystalline 'sulfamiid
vith m.p. =92-93"C.

2. Tetramethylenedisulfotetramine. - Four and eight-tenths grams (0.05
mole) of sulfamide, 5 g. of a 37,solution of formaldehyde, and 30 ml.
of ammonium hydroxide wmre mixed in a 250-ml. round flask equipped with a
reflux condenser. On refluxing, a white solid 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 dried. It was
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found to be insoluble in most of the organic solvents and slightly
soluble in boiling water, from vhich it could be recrystallized as a
white power with m.p. -255-260 (decompn.).

Anal. Caled. for C4E 5N4S.0 4 : C, 23.33; H, 3.33; N, 23.33

Fould : C, 24.20; H, 3.79; N, 23.6p-

3. mopetamethylenetetraminosulfone. - Four and eight-tenths grams
(0.05 mole) of sulfamide, 3.9 9. (0.05 mole) of ethylenediamine hydrate,
and 50 ml. of HaO were placed in a 250-mi. round flask fitted with a
reflux condenser. To that mixture, 20 g. of a 37% solution of formalde-
hyde was added rapidly. A white precipitate, due to the ethylenedisminte-
methylol derivative, was formed immediately. The temperature was then
held at 806C. for 4 hours, after vhich time the mixture was cooled at
0-5 0C. 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, crystalline material with m.p. -205-206°C. (deccmpn.).
Yield: 8.5 g. (82.5% of the theoretical).

Anal. Caled. for Ce H.NW4 SO2 : C, 35.29; H, 5.92; N, 27.44

Found : C, 35.40; H, 5.91; N, 26.70

4. N,N'-bis sulfamdlo)ethylenedi _ne. - Four and eight-tenths grams
" 5 ---mole)-of suleide and 1.5 g. (0.025 mole) of ethylenediamine were

i,* :;e-. together without solvent in a 100-ml. round flask fitted with a
rnl.'Iux condenser. Upon heating at 90C., ammonia was evolved. The
f7.osk was kept at that room temperature for 1 hour, after wh~kh time
tbhe mixture was cooled at room temperature. A solid material formed.
It ims insoluble in oreanic solvents but very soluble in cold end hot
water. The purification was very difficult . Hovever, the pure
compound could be obtained by recrystallization from methanol. It was a
wvite, crystalline material, which melted at i8-1500C.

Anal. Caled. for C2HjaN4•8O 4 : C, 11.00; H=4.6; N=25.50

Found: C, 11.09; H=5.-3; N=22.03

5. NN-bi(sulfamido)piZerasine. - Four and eight-tenths grams (0.05 mole)
of sulfamide and 4.85 g. (0.025 mole) of piperaz.ne hexahydrate were mixed
together without solvent in a 100-ml. round flask equipped with a reflux
condenser. The temperature ims held at 90-1100C. for 3 hours by gentle
heating. After the evolution of armonx~a ceased, the mixture was cooled at
room temperature leaving a white solid material. This was filtered, washed
sev eral times with water, and finally purified by recrystallization from
boiling water. The pure compound was a vhite, crystalline material, which
melted at 241-243°C. (deocpaks.). Yield, 3-.0 a. (49-501" of the theoretical).

Anal . Caled. for C4H12N4SSO 4; 0, 19.67; H, 4.95; N, 22.95.

Found : C, 19.C,9; H, 4.99; N, 22.68
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6. N N'-bi�u�G amido hexamethylenediamine. - Two and nine-tenths grams

(0.025 mole) of 1.6-hexanediamine and 1,.3- 2(0.05 mole) of sulfamide were
mixed together without solvent in a 100-ml. flask fitted with a condenser.
After 2 hours of gentle heating at 90-1002C., the evolution of ammonia
ceased. The solid which was formed was cooled at room temperature,
treated with cold water, and filtered. It was insoluble in most of the
organic solvents and sliehtly soluble in hot water and boiling ethanol.
The pure compound, after recrystallization from ethanol, melted at 149-
1520C. Yield, 3.0 g. (50Z of the theoretical).

Anal. Caled. for C51118N4S204 : C, 26.27; H, 6.61; N, 20.43.

Found : C, 26.90; H, 6.49; N, 20.05.

7. Polhae nesulonamid~e) - Four and eight-tenths grams (0.05 mole)
of sulide and 5 . (605 mole) of 1,6-hexanediamine were mixed together

in the absence of solvent in a flask fitted with a reflux condenser. The
temperature was held at 120 0C. for 6 hours. The tough solid, which was
fcmed, was ground in a mortar and reduced to a white, fine powder. It
vari washed several times with cold water to stop polymerization and then
with an aqueous rolution of hydrochloric acid, after Nhli.h it vas dried.
The cru~e material was then extracted in a Soxhlet apparatus for 48 hours
with water, but no solid was recovered upon concentration of the solvet.
The residae was found to be innoluble in the gamut of organic solvents
and in boiling water and only fairly soluble in boiling DNF and DMSO. After
ronrystaillization from DV1F, the compound was a white powder -Ohich melted

•::,: ' : QC . (aecompn.).

CaIel. for COHR4N2SO2 : C, 40.43; H, 7.92; N, 15.72.

Found: C, 39.85; H, 8.1.2; N, 16.46.

D. Discussion

Reactions of sulfuryl chloride upon polyamines, as an attempt to
q'fnet interfacial polycondensati-on, have been shown to yield the
[..'drolysis oZ the acid chloride rather than the formation of linear
polymers. The use of sulfemide instead of sulfuryl chloride leads to a
variety of deammonation products, among which a linear polymer could be
isolated. The latter procedure seems promising for further investigation.

XII. Reactions of Sulfamido nnd of N N-Dinlkylsulfamides

Wirth 11hooricloV Chloride

A. Introduction

Amone the various reactions that the aquo-annaono and the aemono sulfuric
acid derivatives undergo, that With phosphorus(V) chloride is of
narticular interest. Kirsanov (35,36) has shown recently that both sulfamic
acia and su2iamide, when caused to react with phophorus(V) chloride give,
rinpectively and in excellent yields, trichlorophosphazosulfonyl chloride
and bis-trichlorophosphazosulfone as main products, provided the reactions
are carried out with highly purified starting materials.
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Shen sulfamide is employed, the stoichlometry of the reaction is
given by:

H2 NSO2 NH2 + 2Cl -V- C13P = NSO2N = PCa3 + 411M

Not only does sulfsmide behave in this fashion with respect to phosphortu
pentachloride, but also its N)N-dialkylderivatives gives the same general
reaction. In fact, Kiraanov(37) was able to synthesize some dialkylemides
of trichlorophosphazosulfuric acid by allowing the corresponding
dialkylsulfamide to react with phosphorus pentachloride in the presence
of carbon tetrachloride as a solvent. Inasmuch as the work thus far
performed in this area is little and the total information available
very sketchy, it has been of interest during this period to investigate
in detail methods of synthesis Lnd both chemical and physical properties
for a number of such compounds.

All the dialkylsulfamides necessary for our purposes were obtained
by ammonolysis of the corresponding sulfamyl chlovides. The dipropyl, the
d&.utyl, and the morpholino derivatives are described here for the first
tiae.

As far as reactions of W,N-diatcOylulfamides with phosphorus(V)
chloride are concerned, they can be effected by gently refluxing the two
reactants in a 1:1 mole ratio in carbon tetrachloride as a solvent.
A. 1. rnactions are very exothermic, and some may occur even at room

depending on the solubility of the dialkyl sulfamide inthe
* -•nt. Thus, with morpholine and dimethylsulfamide, it was necessary

i heat on the steam-bath in order to start the reaction, whereas diethyl-0
yro]yl-, and dibutylsulfamide, being fairly soluble, reacted immediately

at room temperature as soon as the reactants were mixed together. The
yields of the correspondind fll-dia]]hyl-trichlorophosphazosulfonds are
very good (ca. 90 ), provided the starting materials are pure and all
the operations involving weighing and handling phosphorus (V) chloride
are performed in a dry-box.

The general reaction of an gN-dialkylsulfamide with phosphorus(V)
chloride proceeds as follows:

R,.NSO2NIIa + Pals 4 /.,SO 2N PC. 3 + 2IiCl
B' R

where: RwR', may be C013, CnH5, C,,T 7 , C4 Hr, and C41%O (frora morpholine)

The follovs.ng compounds vere r.ropared by this type of reaction:

I. Bis-trichlorophosphazosulfone
11. N,.- dimethyl-trichilorophosphazosulJ'one

IMI. N ,N-diethyl-trichlorophoslphazosulfone
IV. N, N-dipropyl-trichlorophosph lniosulfonfe
V. N, t-dibutyl-tricelhlocoDhosp:hazosulfone

V1. N-naorpholine-tria chlorophooipha zosulfone

Numerical and analytical data for the compounds prepared are sautnarized in
Table X1.
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LB., Chemical and . Phf ical Proerties,

Bis-trichlorophosphazosulfone and the dialkylamides of trichlorophosphazo-
sulfuric acid here synthesized are either high-boiling liquids or low-
melting solids. All are very soluble in most of the organic solvents,
and those vhich are solids may be purified by recrystallization from carbon
tetrachloride. They react vigorously with water, alcohol, amines, and organo-
metallic compounds. Special care must be taken in their handling because
of hygroscopicity.

C. Enrmntal
1. N-i - A 500-ml. -necked flask, equipped

with a mechanical stirrer, a dropping funnel and a reflux condanser,
was cooled to -10 0 C. by means of an ice-salt bath. SulfLr-yl chloride
(134 g., L.0 mole) was placed into the flask at -10 0 C. and propylamine
(50.59 g., 0.5 mole) was arlded dropwise and with vigorous aSitation over
a period of 3 hours. After the addition was completed, the flask was
warmed and the mixture poured Into a ý00-ml. one-necked flask fitted with
a :-eflux condenser. Gentle refluxinZ ims continued for 24 hours. The
un-ceactcd sulfuryl chloride was tien slowly decomposed by pouring the
mixture into an aqueous solution of sodium carbonate. The oil which
separated was ektracted with ether. After removal of the excess of
ether, the pure compound was finally purified by distillation under
reduced pressure. It is a colorless oil, b.9. 770/1.5 am. 92 5=1.4560

"'.l; 60 g. (60% of the theoretical).

L. Caled. for CeH.4NOiSCl: C, 36.10; H, 7.01; N, 7.01.

Found: C, 36.22; IT, 7.02; N, 6.85.

2. NN-Dibutylsulfm 1 Chloride. Sulfuryl chloride (134 S.) 1.0 mole) was

placed in a 500 ml., 3-necked flask, fitted with a mechanical stirrer, a
dropping funnel and a reflux condenser. At -106C., 64.63 g. (0.5 mule) of
dibutylamine was added dropwise to the sulfuryl chloride with vigorous
agitation over a period of 3 hours. The flaok was then warmed and the
mixture transferred into a one-necked flask eo.uipped with a reflux condenser.
The mixture was then gently refluxed for 24 hours. The unreacted sulfuryl
chlori.de was decomposed by treatment with an aqueous solution of sodium
carbonate, and the resulting oily material extracted with ether. The
ether layer was dried over calcium chloride and the solvent removed under
vacuum. The pure compound was then obtained by distillation under
reduced pressure. It is a colorless oil. b.p. 90/11 rn. nf 1.4590.
Yield: 55 g. (50, of the theoretical).

Anal. Caled. for CaHL 8NOaSCl: C, 42.1; if, 7.96; N, 6.15
round C, H2. ; TI, 7.' 2; N, 6.4I3

3. Nf, N-Diraethylsufaide, Some 200 ml. of liquid amnonia was condensed
at -(67C. into a 500-nil, 3-necked flask, equipped with a mechanical stirrer,
a dropping funnel and a vent. Dimethylsulfamyl chloride (35.87 g., 0.25 mole)
was added in saMIportions with vigorous agitation, and stirring was
continued for 6 hours after the addition iams completed. The flask was then
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allowed to stand over night at roon temperature to remove unreacted ammonia.
The separation of the compound from ammonium chloride could be accomplished
only upon prolonged extraction vith benzene in a Soxhlet apparatus. On
cooling the benzene soluti m, the pure compound was obtained as a white,
crystalline material. M.P. 980C. Yield: 20 g. (65% of the theoretical).

Anal. Calcd. for C2 EsN2 02 B: C, 19.36; H, 6.49; N, 22.58

Found: C, 19.38; H, 6.47; N, 22.63

4. N-!orpholinesulfemide - A 500-ml., 3-necked flask, equipped with a
mechanical stirrer, a d-'opping funnel, and a vent, was cooled at -706C. by
means of a Dry Ice-methylcellosolve bath. Some 250 ml. of liquid ammonia was
then condensed into the flask. Morpholinesulfamyl chloride (46.40 g.,
0.25 mo2e) was addoa in ama?.1 portiono, aftoor vhb a+I V zea ooi&vAmod
for 6 hours. The flask was then allowed to stand overni•ht at room
temperature in order to remove the excess of ammonia. The crude material
vas treated with water to dissolve the amoniman chloride and the residue
purified by recrystallization from ethanol. The pure compound was a white,
crystalline material, m.p. 160-2 0 C. Yield: 23 g. (55% of the theoretical).

Anan.'. Caled. for C4HIoN2 03 S: C, 28.92; 11, 6.06; N, 16.86

Found : C, 29.05; H, 5.80; N, 17.06.

S. N N-Di•nrorvlsulfamtde. Some 250 ml. of liquid ammonia was condensed at
U.., into a 500-ml- 5-necked flask, fitted with a mechanical stirrer, a
.IIng funnel, and a vent. Dipropylsulfamyl chloride (60 g., 0.3 mole)

- added in small portions with vigorous agitation, and stirring was
o A'•inued for 6 hours after the addition was completed. The excess of liquid
wionia was allowed to evaporate by keeping the flask at room temperature.
Inasmuch as after the removal of the anironia part of the chloride was
still unreacted, an additional 200 ml. of liquid ammonia ,as condensed into
the flask and the procedure repeated. The compound was then separated from
ammonium chloride by extraction with ether. Upon evaporation of the ether
solution, a white solid was obtained, which was finally purified by
:-ocrystallization from n-heptane. The pure compound was a white, crystalline
material, m.p. 69°C. Yield: 44 g. (85-. of the theoretical).

Anal. Caled. for CGHR0 N0 2 S: C, 39.99; H, 8.95; N, 15.55

Found: C, 40.10; H, 8.95; N, 15.50

6. NH-Dibutylsulfamide. A 500-ml., 3-necked flask, equipped with a
mechanical stirrer, a dropping funnel and a vent, was cooled at -70*C.,
and 250 ml. of liquid ammonia were condensed into it. Dibutyleulfamyl
chloride (52 g., 0.25 mole) was then added in small portions with vigorous
agitation. After 56 hours of stirring, the fltwk was allowed to stand at
room temperature in order to remove unreacted nmmonia. At this point, another
200 ml. of liquid ammonia was condensed into the flask, and the entire
procedure was repeated. The residue was extracted with boiling ether and
the excess of ether removed under vacuum. The solid obtained was finally
purified by recrystallization from n-heptane. The pure compound melted at
700C. Yield: 35 g. (87.55o of the theoretical).

Anal. Caled. for CsH1oN2 0,S: C, 46.15; H, 9.68; N, 13.46

Found: C, 45.91; H, 9.83; N, 13.71
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7. "Bis-trichloro_ s h azosulfone.• Fourteen grams (0.145 mole) of dry sulfamide
and 66.68 g. (O.291 mole) of phosphorusV) chloride were placed in a 250-
ml. one-necked flask, equipped with a reflux condenser and a phosphorus(V)
oxide drying tube. By means of an oil bath, gentle heating at 50-60C. was
maintained for 12 hours, during which time hydrogen chloride was evolved
rapidly. The temperature was then raised to 100 0 C. and held there for another
5 hours. The viscous liquid obtained was heated at 130 0 C. under vacutm to
remove traces of unreacted phosphorus(V) chloride. The oil was dissolved
in 20 ml. of anhydrous ether, and on cooling at OC., a white solid precipitated.
Because of the hygroscopic nature of the compound, filtration had to be
performed in a dry-box. The pure compound is a white, crystalline material
which melts at 41-420 C.

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

.Ana.. Calcd. for N202P2SClo: N, 7.64

Found: N, 7.80

8. N,N-Dimethyl-trichlorophosphazcos'lhfon. Twenty grams (0.161 mole) of N,N-

d'mlhylsulfamide, 33.57 g. (0.161 mole) of phosphorus(V) chloride, and 100 ml.
of carbon tetrachloride were placed in a 250-ml., one-necked flask fitted with
a reflux condenser and a drying tube. Upon 1entle refluxing, hydrogen chloride
was evolved rapidly, and in 3 hours a clear, white solution was obtained.
Cooling at OC. gave a white protipitate. This was filtered and dried. The
pure compound is a white, crystalline solid, which melts at 740C.

Yield: 39 g. (93,j of the theoretical).

Ana.l • Calcd. for C2HaNnO2 PSCls: C, 9.26; H, 2.33; N, 10.80

Found : C, 9.75; H, 2.73; N, 10.72

9. NN-Diethyl-trich]loro/o•0spszosulfone. Thirty-four and forty-six
hundreths grams (0.226mole) oi NN-diethylsulfamide, 47.16 g. (0.226 mole)
of phosphorus(V) chlo.ide, and 150 ml. of carbon tetrachloride vere placed in
a 250-mi., one-necked flask fitted with a ref lux condenser and a drying tube.
On heating the mixture with a steam-baLh, hydrogen chloride was evolved
rapidly. After 2 hours, gas evolution ceased, and a clear solution was obtained.
The excess of solvent was removed under vacuum, leaving a viscous oily
material. The oil was finally purified by aisti.LLed under reduced pressure.
The pure compound is a colorless ol., which boils at 1130C/0.25 mm. 25 =
1.5080 Yield: 55 g. (86,* of the theoretical).

Anal. Calcd. for C4 HIoN2OaPSCls: C, 16.71; 1, 3.50; N, 9.74

Found : C, 16.63; 11, 3.41; N, 9.91

10. N,N-Dipropyl-trichlorophosphaaoutlifne . Thirty-four and two-tenths
grams-(0 189 mole) of ,N,_-dipropylsul'=Ie, 39.53 a. (0.189 mole) of
phosphorus(V) chloride, and 100 ml. of carton tetrachloride were placed in a
500-ml. round-bottomed flask equipped with a reflux condenser and a drying tube.
The reaction takes place at room temperature with evolution oeV hydrogen
chloride. The gently heating on the steam-bath was continued for 3 hours,
after vhich time the evolution of gas ceased. The excess of carbon tetra-
chloride was removed under vacuum, and the oily material vhich was left
was purified by distillation under reduced pressure. The pure compound is
a colorless oil, which boils at 113 0C./0.005 nm. ns = 1.5010 Yield: 50 g.



(8O of the theoretical).

Anal. Calcd. for CeI 14 N2 02 PSC1 3 : C, 22.83; H, 4.47; N, 8.87

Found : C, 22.99; H, 4..1; N, 8.97

11. N,N-Dibutyl-trichlorophosphazosulfone . Thirty grams (0. 4i4 mole) of LN-
dibut-y1ZemI30 g (0.144 _mo"Le)-f 'posphorue(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 reflixing 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 compound, obtained by vacuum distillation,
was a yellow oil which boils at 140*C./0.05 ma. 1s 1. 4952 Yield:
39.5 g. (80% of the theoretical).

_nal. Caled. for C8 H38 N2 02MPC1S: C, 27.96; H, 5.28; N, 8.15

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

12. N-Morpholine-trichlorophonphazosuLfone. Eight and three-tenths grams
(0.05 mole)ot N-morpholinesulfamide, 10.41 g. (0.05 mole) of phosphorus(V)
chloride, and 50 ml. of carbon tetrachloride were placed in a 250-mi., round-
bottomed flask fitted with a reflux condenser and a drying tube. Gentle
he&ýing on the steam-bath was continued for 3 hours, after which time the
evolution of hydrogen chloride ceased, and a clear solution was obtained.
Upon cooling at 0*C., a white precipitate was formed; it was filtered and

'i~d. nThe pure compound is a white, crystalline material, which melts at
94"C. Yield: 14 g. (93% of the theoretical).

Anal . Caled. for C4 HN 2 03PSC1 3 : C, 15.94; 11, 2.67; N, 9.29

Found : C, 16.14; H, 2-.76; N, 9.38

D. Discussion

The reaction of sulfamide with phosphorus(V) chloride has been shown
to be a general one. When it was applied to its U,N-disubstituted
derivatives, the corresponding clialkyilamides of trichlorophosphazoaulfuric
acid were obtained in excellent yields. 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-trichlorophosT'mzosilroie and of the Dialkylmajies

o. Trichlorophosphazosulfuric Acid with rianard Reagents.

A. Introduction

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

Since alkyl and aryl chlorides react rather sluggishly with magnesium
turnings in ether to form the alkyl or aryl magnesium chloride, the
corresponding bromides vere employed as being the most satisfactory for this
purpose. A small crystal of iodine, howvevr,must be added in order to start
the reaction. In the first part of our investigation, phenybmagnesium bromide
and p-tolyamagnesium bromide have been caused to react with bis-trichloro-
phosphapoxt1fone, N,N-dimethyltrichlorophosphazosulfone, and NN-diethyl-
trichlorophosphazosulfone. The NiNl-dipropyl, N1,-dibutyl, and morpholino
derivatives vere employed as well.

In every instance, complete replacement of the chlorine atoms by an
aryl group takes place rather easily when at room temperature an 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 complete replacement of the chlorine atoms with phenyl and p-tolyl
Fr the yields of corresponding p-tolyl derivatives were found
to be slightly lower. The difference is perhaps due to the greater solubility
of the 9-tolyl compounds in several organic solvents and consequent increase
in difficulty of crystallization, but other important factors could be
ý'L.i;vcd as 'well.

Thus in order to obtain further information on these nucleophilic
no.•titutions, reactions of the mentioned chlorides 'with m-tolyl-magnesium
broilde and with the ortho-Grignard compound have been under study. As we
suspected, when m-tolylmagnesium bromide is employed the nucleophilic
attack on the phosphorus atom becomes more difficult, and it is practically
non-existent in yielding completely substituted derivatives with the ortho
Grignard compound. Even with excess of Gwignard reagent and upon prolonged
refluxdng ot the reaction mixture, the yields 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-tolylmagnesium bromide was
employed.

We attribute the failure to steric effects which may play an important
role in the inhibition of these condensation reactions. Another factor of
possible importance is the tendency of the chlorides of pentavaleut phosphorus
acids to form insoluble complexes with the magnesium halide when treated with
G)7ignard reagents. This tendency is of course increased by storie hindrance.
A typical example is shown in the reaction of phosphorus(V) oxytrichloride
with organo-magnesium compounds, which yicids a mixture of phosphine oxide
derivatives together with derivatives of phoophinic acid. The yield of
the latter is increased by the use of branched alkyl or aryl groups (38,39).

This ocmplex.-forming ability of the intermediates has been encountered
in the course of our experiments. After the reaction was completed, product
could not be found upon evaporation of the solvent. Furthermore, extraction o'
the gummy residue with differenzt solvents did not give positive results. The
desired amip1nvuns could only be separated upon dedcmposition of tho complex
w-tth acidic solutions.
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This suggests the possibility that with hindered Grignard reagents, the
intermediates react with the magnesium halide to give an ether-insoluble
complex vhich then, under heterogeneous conditions, is no longer capable
of reacting with the organo-magnesium compound to yield complete substitution.
Upon acidic hydrolysis, however, the complex can be broken, and phosphinic
acid derivatives of the type R2 NSO2 NP(OH)Ar 2 or R 2NSO29WIR(O)Ar 2 can be
obtained.

This assumption is also substantiated by the fact that such compounds are
soluble in aqueous sodium hydroxide solutions and can be reprecipitated upon
acidification al p•T ca. 6. The tri-substituted derivatives, by contrast,
do not hydrolyze even in boiling aqueous sodium hydroxide.

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

The general reaction is illuartrated by the following equation:

R,%, ~~ether .ý,R,.NSO_2 N=PC's + 3ArMGBr t h ,er 1SO.,N=P(Ar)s + 31,%ClBr

",',.•: lR = R', may be CH3 , C2 H5s, C3 H, C4 H9 and C3H8 0 (from morpholine) and
•-:;-Hs, 2-CHsCOH 4 , L-CU13 CGH4 and o-CI13 C0IH4.

In the case in uhich bis-trichlorophosphazosulfone is employed, the
r";oAchiometry is as follows:

Cj.3P=NSO2N=PCl 3 + 6ArMgBr ethe(Ar)3P=Ns=P(Ar)s + 6 Xgifr

Where: Ar=-CSH5 and p-CHsCaH4.

The following compoundR vere prepared by this type of reaction:

3. Bin-triphenylphosphazosulfone
U. , N, N-dimethyl-triphenylphosphazosulfone

III. N,N-diethyl-triphcnylphosphazosulfone
IV. N,N.-dipropyl-triphonylphcephazosull-one
V. NN-dibutyl-triphenylphosphazosulfone

VI. ..,N-morpholine-triphenyl3phosBphaosulfone
VlI. Bis-tri-p-tolylphosphazosulfoue

VIII. N,.N-dimethyl-tri-R-tolylphoerihzosulfone
IX. N, N-diethyl-tri-2-tolylphosp.h-l:.os uLfone
X. N, N-dipropyl-tri-p-t o ]ylphLos•?: razr •,•ifoi:e

XI. NN-dibut,71-tri-p-tolylphosphozonulfone
XII. N.,_N.-morphxoline-tri-12-tolylphoophazoaul3one

XIII. N ,N-dimethyl.-tr1 -m_-tolyll)horthazosulfone
XIV. N, i-diethyl.-tri-mn-tolylphosphazosulfone

XV. NR,_-morpholine-tri-m-tolylphosphazosulfone
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B. Phsical Pro'erties

All the compounds here synthesized are white, crystalline, non-
hygroscopic materials wlth reasonably high melting points. They are
insoluble in cold and boiling water; insoluble in ether, petroleum ether,
and n-heptane; fairly soluble in hot ethanol, carbon tetrachloride, and
ben2ene; soluble in acetone and chloroform. Their purification is best
effected by several recrystallizations from ethanol.

The infra-red spectra of chloroform solution shad KBr pellets show
an intense absorption in the 1140-1145 cm. 1 region, which is associated
with the symmetrical S-0 vibration in the -402- grouping. The asyimnetrical
vibration, which usually occurs in the 1320-1340 cm. 1 region disappears,
while a new strong absorption band in the 1270-1300 cm. is constantly
present. We a~tribute this vibration rather than to the pure -N=P- stretch
due to the -S-N=P' I group. The reason for this assumption lies" in the

0
fact that in all our spectra the peaks in the 1300 cm.-I region are not
well resolved and present a shoulder. This would indicate that there might be
a coupling between the -SO2 - asymuetric stretch and the lure -N=P- vibration,
thus giving rise to the strong vibration in the 1300 cm. region.

C. Thermal Stability and Liquid _age

IThe thermal stabilities of the compounds synthesized during this
period have been evaluated according to the method described previously.
Thermal stability measuremants were carried out by heating in an inert
atmosplh re for 10 hours at 2000C. 0.22-0.5 g. of the sample and determining
the loss of weight after that period. The compounds which gave a loss of
weight less than 0.3 per cent at that temperature, under-vent further heating
at 250OC., for the same length of time, and their loss of weight was
redetermined. Experimental data, in terms of uncorrected temperatures and
of increasing weight loss, are given in Table I.

Inasmuch as in our early studies on N-substituted sulfamides,
promising results in respect to thermal stability could not be achieved,
we have attempted the synthesis of a now 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.
Furthermore, typical aryl radicals such as phenyl and 2-tolyl groups, have
been placed on the phosphorus atoms by reaction with Grignard reagents.

Data from Table XII show clearly that at least at 2000C. almost all
the compounds can be considered as otable tlenzally since the loss of
weight is less than or of the order of 0. 1 percent. Raising the temperature,
however, gives remarkably increasing weight l.osses, which means that
substantial thermal decomposition tWkes p.ace rapidly at 250OC.

D. Exnerimental

1. Pbhenylmpgesium Bromide - Magnesium turnings (3.648 g. 0.15 mole),
previously treated with a small crystal of iodine, were placed in a vell-
dried, 500-ml., 3-necked flask, fitted with a reflux condenser with a drying
tube on top and a dropping funnel. Some 70 ml. of dxy ether were quickly
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poured into the flask. While the mixture was stirred magnetically,
bromobenzene (25.553 S., 0.15 mole) in 150 ml. of ether was added drop-
vise to the magnesium. After a short period of induction, the reaction
starts immediately and continues until all the magnesium is dissolved.

2. Bis-tjrE.ihenyl hos hagosulfone - Eighteen and thirty-three hundredths
graeYT(.05 mole) of bia-trichlorophosphazosulfone in 50 ml. of ether,
mere slowly added to an ether solution of phenylmagnesium bromide
(54.39 g., 0.3 mole) at room temperature over a period of 2 hours. After
the addition was completed, gentle refluxing was continued for an,
additional 3 hours. The mixture ,as then cooled and slowly poured into
a flask containing crushed ice and 40 ml. of concentrated hydrochloric acid
solution. A solid, insoluble in water, separated immediately. It was
filtered, washed several times with water, and dried. The pure compound
was finally obtained by extracting with benzene in a Soxhlet apparatus for
a period of 24 hours. It melted at 240-2440C. Yield: 10 g. (32.4% of the
theoretical).

Anal. Caled. for C3sH 30N2 02RSP2 : C, 70.12; H, 4.90; N, 4.54.

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

3. N,N-morpholine-triphenylphosphazosulfone - Fifteen grams (0.05 mole)
of _N,-morpholinetrichlorophosphazosulfone in-200ni. of benzene, were

..d in small portions to an ether solution of phenyl magnesium bromide
(C."201 s., 0.15 mole) at room temperature over a period of 1 hours. The
.........e was allowed to stand for 3 hours, after which time the excess or
*-..ne was driven off under vacuum. The residue was dissolved in boiling

,h:-mno., from which upon cooling, a white precipitate was formed. It was
D.I.ered and washed with water to dissolve the magnesium halide until the
va'er solution gave a negative test with silver nitrate. The residue was
purified by recrystallization from ethanol. The pure compound was a white
crystalline material, which melts at 181-182*C. Yield: 3 g. (29% of the
theoretical).

A•nal. Calod. for C2eH 2am 0NSP: C, 61.96; H, 5.43; N, 6.57.

Found: C, 61.72; H, 5.-39; N, 6.39.

4. fit& dipropyl-triphenylphcsphazosu/lfone - Twenty grams (0.0563 mole)
of N,l-dipropyltrichlorophosphazosulfone in 50 ml. of ether was slowly
added to an ether solution of phenylmagnesium bromide (36.26 g., 0.2 mole)
at room temperature over a period of 1 hour. After the addition was
completed, gentle refluxing was continued for an additional 2 hours. The
reaction mixture was then carefully poured into a flask containing crushed
ice and 40 ml. of concentrated hydrochloric acid solution. The solid material
which separated was extracted with 1000 ml. of benzene in a separatory
funnel. The benzene layer was dried over CaCl 2 , and the excess of solvent
was driven off under vacuum, leaving a solid. The pure compound, after two
recrystallization from ethanol, was a white, crystalline material, which
melted at 178-179.5"C. Yield: 13.40 S. (48e of the theoretical).

Anal. Caled. for Cg4H"NpONSP: C, 65.43; Hj, 6.63; N, 6.36

Found: C, 65.10; H, 6.48; N, 6.58.
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5. '•,P-diethl-triphenylphosphazosulfone. Fourteen mM thirty-seven
hundreths grams (0.05 mole) of n,N-diethyltrichlorophosphazosulfone in
50 al. of ether, van slowly added to an ether solution of phenyl-magnesium
blomide (27.19 g., 0.15 mole) at room temperature over a period of 2 hours.
ANter the addition was completed, the mixture was gently refluxed for 12
hours. The reaction mixture =as then slowly poured into a flack containing
200 g. of crushed ice and 50 ml. of 12 _M. hydrochloric acid. The solid
which vas 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).

j__a_. Caled. for C0H25N202PS: C, 64.07; H, 6.11; N, 6.79.

Found: C, 63.90; H, 6.17j N, 6.89.

6. 1,_N-dimethyl-tri phenylphosphazosulf one. Twelve and ninety-seven
hundreths grms (0.05 mole) uf ,N•-dimethyltrichlorophosphazosulfoue in
150 ml. of benzene was slowly adaed, with stirring, to an ether solution of
pheny2lmagnesium bromide (27.19 G., 0.15 mole) at roam 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 containing 200 g. of crushed ice and 50 ml. of 12 &. hydrochloric
acid. The solid which separated was extracted with benzene and the organic
leye.r dried over calcium chloride the excess of benzene was distilled under
reduced pressure and the solid ihich was left purified by recrystallization
from ethanol. The pure compound was a white, crystalline material, which
melted at 156-158OC. Yielr;: 7.0 g. (36.8% of theory).

Anal. Calcd. for CgoHK2 N202PS: C, 62.49; H, 5.50; N, 7.28

Found: C, 62.52; H, 5.33; N, 7.18

"7. N,f-dibutyl-triphenylphosphazosulfone. Eight and six-tenths grams
(0.025 mole) of _,f-dibutyltrichlorophosphazosulfone in 50 ml. of ether
was slowly added to an ether solution of phenylmagnesium bromide (13.59 S.,
0.075 mole) at roam temparature. After the addition was completed, the
mixture was stirred and gently refluxed for 12 hours. The reaction mixture
was then poured into a flask containing 200 g. of crushed ice and 50 ml.
of 12 11. hydrochloric acid. The solid which was separated was extracted
with benzene and the organic layer dried over calcium chloride. Upon
distillation of the excess of benzene, a solid material was left. It was
purified by recrestallization from ethanol, yielding the pure compound
which melted at 149°C. Yiold: 6.0 g (51.3d' of the theoretical).

Anal . Caledo for C2eH3 sN202F-S: C, 66.65; H, 7.10; N, 5.98

Founds: C, 66.76; H, 7.10; N, 6.21

8. •-tolylmagnesium Bromide. Magnesium turnings (3.648 g., 0.15 mole),
previously treated with a small crystal of iodine, were placed in a well-
dried, 500-ml., 3-necked flask, equipped with a reflux condenserj with a drying
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tube on top, and a dropping funnel. Some 70 ml. of dry ether wvu placed in
the flask. 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 magnesium is
dissolved.

9. NN-dibutyl-tri-D-tolylhos hazosulfone. Eight and six-tenths grams
(0. 025 mole) of NIN-dibutyltrichloropbosphazosulfone 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 temperature. After the addition of
the chloride, the mixture was stirred and refluxod for 12 hours. The
reaction mixture was then decomposed by pouring it into a flask containing
200 g. of crushed ice and 50 ml. of 12 _M hydrogen chloride. The solid Vhich
separated, was extracted with benzene and the organic layer dried over
calcium chloride. After the removal of the excess of solvent, the solid
material which was left was purified by recrystallization frcm ethanol.
The pure compound was a 'whit3, cy/stalline solid, that melted at 155 0 C.
Yield: 6.0 g. (48.0o of theory).

Anal. Calod. for C28qN 2 o0;.8s: C, 68.21; H, 7.70; N, 5.48

Founa : C, 68.34; H, 7.59; N, 5,55

U1. N,Lr-dimethyl-ti-.:.p-to? <Pl.pb')phazosulfone. Twelve and ninety-seven
iuiorle 'ofhgra.ms0 • -m o -diethyltrichlorohohazosulfone in

150 nI. of benzene irt slc: W, avT,'..td to an ether solution of p-tolyl
msi,:nnsium bromide (2-.29 g, 0.15 mole) at room temperature with stirring.
Xter the addition was caapleted, the reaction mixture was gently refluxed
for 12 hours. The mixture was then slowly poured into a flask containing
200 g. of crushed ice and 50 ml. of 12 M hydrochloric acid. The solid whiab
separated was extracted with benzene and the benzene layer dried over
calcium chloride. The excess or solvent was removed under reduced pressure,
and the crude product which was left mas purified by recrystallizationfrom
ethanol. The pure compounr1 was a white, crystalline material which melted
at 1966C. Yield: 6.45 u. (30.0; of the theoretical).

Anal. Calcd. for C2 3H27N2 02 PS: C, 64.77; H, 6.38; N, 6.56

Found : C, 64.68; H, 6.43; N, 6.26

I. Bis-tri-p-tolyl-'iospho zosulfoine. Nine au-d aixteen-hundreths grams
(0.025 e of bns.o...Eh:.,• phoa:,haizosulfone ::.n 10 ml. of ether ins
,n.ly added to an ether soj.ution of R-tolylmipnesium bromide (29.,29 g.o

0.15 mole) at room temperature over a period of 2 hours. After the
addition was completed, gentle refhliing was continued for an additional
12 hours. The mixture was then cooled and slowly poured into a flask
containing crushed ice and 50 ml. of 12 M poured into a flask containing
crushed ice and 50 ml. of 12 M hydrochloric acid solution. A solid,
insoluble in water, separated. It was extracted with benzene and the
benzene .ayer dried over calcium chloride. After the removal of the solvent,
tY,; solid vhIch was left was purified by several recrystallizations from
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ethahol. The pure ecpouM melted at 226"C. Yield; 5.0 g. (29.41% of
theory).

Ana. Caled. for C4 2HraF202P2S: C, 72.02; H, 6.0h,; N.1,, 14.00

Pound : Co 71.79; H, 6.10; N, 3.94.

12. N,N-dipropyl-tri-2-tolylphosphraosulfone. Fifteen and seventy-eight
hundreths grams (0.05 mole) of Nl.Ndipropyltrichlorophosphazosulfone in
50 ml. of ether were slowly added to an ether solution of _-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 obtained by pouring the reaction
mixture into a flask containing 200 g. of crushed ice and 50 ml. of 12 M.
hydrochloric acid. The solid which separated was extracted with benzene
and the orgazxc 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,
crstalline xxt;erial, "melting at 1750C. Yield: 9.6 a. (40% of theory).

A nal. Calod. for C2.•17N O2fl2"' C, 67.19; H, 7.31; N, 5.80

Found: C, 66.99; H, 7.30; N, 5.93

13. ,N-.morphol~in-tri-.-toýylphosphazosulfont.. Seven and five-tenths
grams (0,025 m'-l,.) of , .- io .trichlorophosphazooulfone in 80 ml. of
benz:nie wev.?e arld.d aW. SL'.l p rttlrn to an ether solibion of 32-tolyl-
Umn~.•ul• bromide (14.61! g, ,LO°C'• mole) at room temperrature with stirring.
T,:•. ix;ur'e 'was then e;:-xt].• .,nfluxed for 12 hours efter the addition was
co-p.-'rted. The reaction p wolat ws poured into a flask containing
20', gr. of crushed ice sad 50 ml. of 12 M. hydrochloric acid, from which a
solid separated. It was extracted with benzene and the organic layer
dried over calcium chloride. The solid which was left after removal of the
solvent was purified by recryatallization from ethanol, enI the pure compound
wva a white, crystalline mate-rial melting at 129 0C. Yield: 2.3 g.
(20.0% of theory).

. Caled. for C25 RH;N203 PS: C, 64.09; H, 6.24; N, 5.98

Found : C, 64.36; H, 6.26; N, 5.91

!.4. ,pl-,dimethyl-tri-m.-to1.). hoorphazosulfone. Six and fourty-eight
humr •2thO grams 0.02" , o, N;ii-dImethyltrichlorophosphazosulfone In

o",, o. benzene wau GLo'.1- addedh to an ether soluLion of 3-tolylmagnesiLu
b),;.ifte (19.53 a., 0.1 mole) ab roon temperature w.th stirring. After
t.,,,• aldition was completed, the reaction mixture ias gently refluxed for
P4 ')oars. The excess of Grignard was decomycsod by ad•ition of 100 ml.
of a iaturated aqueous soluxnion of ammonium chloride. The compound was then
eytracted with benzene. The organic layer was dried over calcium chloride
and the excess of solvent removed by distillation under vacuum. The crude
p•.rd•.ict which was left was finally purified by several recryotallizations
fr,:.• ethanol. The pure compound obtained, in ca. 10% yield) was a white,
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rYtalliftne solid which melted at 158-90C.

Anal. Caled. for C2&r7Nn02PS: C, 64.77; H, 6.38; N, 6.56

Found : C, 64.§l; H, 6.45; N, 6.31

15- I-mor holne-tri-m-tolyl oshazosulfone. Seven and five-tenths
grams (0.025 mole) of N,N-morpholinetrichlorophosphazosulfcne in 100 ml. of
benzene was added at small portions to an ether solution of m-tolylmagnesium
bromide (19.53 g., 0.1 mole) at room temperature with stirring. The mixture
was then reflu.xed for an aaditional 24 hra. after the addition was completed.
The reaction product was poured into a flask contairihg 200 gr. of
crushed ice anti 50 nl. of 12 M hydrochloric acid. The product was extracted
with benzene and the benzen, layer dried over calcium chloride. The
solid vhich was left after the removal of the solvent was washed w• h an
aqueous solution of sodium hydroxide, dried, and finally purified by
recrystallization from dilute ethanaol The pure compound was a white,
crystalline material melting at 123-125"C. obtained in ca. 10% yield.

An&l. Calcd. for C25H*5N2 0OPS: C, 64.09; H, 6.24; N, 5.98

Found: C, 64.93; H, 6.44; N, 6.10

16 . Attempted Preparation of _NN-morpholine-tri-o-tolylphosphazosulfone.
Seven and five-tenths grams of IlN-morpholinetrichlorophosphazosulfone in
100 ml. of benzene was slowly added at room temperatitre to a well-stirred
ether solution of o-tolylmagnesium bromide (19.53 g., 0.1 mole). Gentle
refluxing was mxintained for 24 hours after the addition was completed.
The excess of Grlird reagent was decomposed by pouring the reaction
mixture into a f'lask containing 200 gr. of crushed 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. After the removal or the
excess of solvent, the crude product was purified by several recrystallizations
from ethanol. The compound which was obtained, gave m.p. 173-1740C.
and microenolysis agrees fairly good for the disubstituted phosphinic
acid derivative.

A.a. Caled. for CeH9sN0,O4PS: C, 54.81; H, 5.87; N, 7.10

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

E. Discussion

It has been showa during this investigation that both bie-trichloro-
phoseiazonulfone and the dialkylamides of trichlorophosphazosulfuric acid,
untergo complete arylation when caused to react with phenylmagnesium bromide
vith the production of a new class of compounds never described previously.

With p-tolylmagnesium bromide complete substitution is still possible
although the final products are recovered in lower yields. Besides, the
broad malting points of the crude materials and the fact that they con be
obtaincd in high purity only after several recrystallizations from ethanol
lead us to believe that Vartially substituted compounds are obtained as by-products.
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Whon m- and o-tolylmagnesium bromides are employed, steno hindrance becomes
most apparent. The yields of the m-compounds are quite low and those of
the q-compounds practically non-existent.

XIV. Synthesis of Trichlorophosehazosulfonyl Chloride

A. Introduction

The reaction of sulfamic acid with phosphorus(V) chloride was first
investigated by Ephraim and Gurevitsch (40), who hoped to secure the unknown
sulfamyl chloride according to the following reaction:

NI:a,0OnOH + IPM- + NHSO2 Cl + POC13

Inasmuch as puie sulfamyl. rhloride was never isolated from the reaction
mixture, the attthors conce-: led that sulfamic acid reacted with two
mol.ecules of pyhosphorus pcinachloride, the second molecule of phosphorus
pentachloride dceompositC, into chlorine and phosphorus trichloride and
the latter then comn..)Ining -with 1;he sulfamyl chloride to form a stable
binary compouuI cV the :ý'(,%ula ClSO2 M1I2 .PCIS. The reaction then had to proceed
aceordinG to thin following stoichiometry:

NH2SOgOH + 2PC1 5 + ECI + POC13 + Cl- + ClSO2NEa.PC0 3

For many years it has been common belief that that was the final product
w•h.ch one can obtain. 1'-,nW*.y, however, Kireanov (41) proved that the
produn.t of the in'"o•,i.:n bc',Yi,.,en sulfamic acid and phosphorus pentachloride
iD ac'hually .other clffor,-.•,t. He noted thaL only hydrogen chloride
Eux. nob chhlorlneu i evolved ni the course of the reaction and that the
r'.ac'lon prdnuct -" aot a dvrk-`rown liquid which does not recrystallize
a,. clatmed b•, 1phr,)i.' and C: ow•L sch, but rather a transparent liquid vhich

&KI... s yolid-ii',ic to a white crystalline mass after the removal of the phos-
phor'i, oxychloride, The final product proved to be a definite compound, i.e.
trichlc,?ophosphazosulfonyl chloride, which it formed according to the following
equation:

1-flSOP.OH + 2 PCI1 5 -* C:ISO2 N=PCIs + POOl 3 + 3 HCI

Since trichlorophosphazosulfonyl chloride when slowly heated under
vanuum undergoes an interesting decomposition to yield two isomers of
sulfanuric chloride, it has been of interest during this synthesis period
to prepare some of this material as a useful intermediate for our future
synthesis of sulfanuric ehloride., For this purpose, the Kirsanov procedure
has been found reliable and to give the product in a 75.0% yield. The
sinthecis is achieved by allowing driud sulfamic acid to react with
piive,%:,1ed phosphorus(V) chloride in the mole ratio 1:2 either in the
Anresence of a little carbon tetrachloride an a solvent or in the absence of
7,.iJ:ent. For better results, however, it is advisable always to carry out
th2e reaction with a slight excess of sulfamic acid.

Upon heating at 800-900C by means of an oil bath, the mixture liquefles
readily with rapid evolution of hydrogen chloride and after 24 hours the
reaction can be considered completed. After removal of the excess of
unreacted sulfamic acid by filtration, the solvent and the phosphorus
oxytrichlori.de are alistilled off under reduced pressure. The remaining liquid
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crystallizes quickly when chilled, giving a white solid mass saturated withliquid. The precipitate is filtered and pressed down in a dry-box. Themelting point is 32-33*C.

B. Physical &9~le
Trichlorophosphazosulfonyl chloride, like the parent bis-trichloro-

phosphazosulfone, is a verj reactive and highly hygroscopic material. For
this reason special precautions must be used in its handling. Filtration
nf the crude product must be performed in a dry-box, and the use of a
sintered glass funnel is recommended. If a filter paper is used and some
moisture is present, hyd.olysis takes place readily with enough heat to
cause the paper to burn. Consequently trichlorophosphazosulfonyl chloride
=ast be handled with care in thhe presence of all substances containing
hy'roxy-groups.

Ftaq trichlorophosphazosulfonyl chloride ia a white, crystalline material
which shows a m.p. of 32-. C. It is insoluble in water and fairly soluble
ia most of the organic s&.•crnt>, It is usually bbtained in reasonable
ru1-t: directly from the rcvt'ion mixture so that purification is often
n.v nrccrsary. However, purification by rocrystallization from petroleum
ether (b.p. 110'C.) can be achieved, provided sucl' operation is performed
in a dry-box and the solvent has been previously treated with concentrated
su.furic acid in order to remove all the unsaturated hydrocarbons.

C. grperimental

":'.. Tri ochgs~s~j!•zosp> l Chloride. Fourty-eight and fifty-four
h.rn-Ireths grams-(-.5 mole) -C-ý'y and pulverized sulfamic acid, 208.31 g.
(1.0 mole) of phosphorus(V) chloride, and 50 ml. of carbon tetrachloride
were placed in a 500-ml., one-necked flask equipped with a reflux condenser
and a drying tube. All operations, including weighing of the reactants,were
performed in a dry-box. By means of an oil bath, heating at 90-100*C,
was maintained for ca. 24 hours, after which tiLe the evolution of hydrogen
cliloride ceased. The volatile products were removed by vacuum distillabion
and the remaining clear, viscous oil cooled at O°C. White crystals started
to precipitate immediately. The pretipitate was filtered and pressod. out
in a dry-box at 00C. Upon chilling the filtrate, more crybLalline material
settled down. It was filtered and pressed out, and the tvo precipitates
vere combined. The pure trichlorophosphazosulfonyl chloride is a white,
crystalline material, which melts at 33-35°C. However, should the material
melt at 23-25°C. o purification by recrystallization from petroleum ether
(b.p. 90%C.) is recommended. Yield 178.0 (7050, or theory).

Anal. CMA.cd. for NO,-PSC1 4 : N, 5.58

Found : N, 5.52
D. Attempted Prearation of TribroohosrhazosulfonyrlBromide

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

by allowing sulflemic acid to react with phosphorus(III) bromide and bromine,
hoping that the reaction would follow the trend noted with sulfemic acid and
phosphorus(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 stoichiometrical quantity.

Mhperiments were run either in carbon tetrachloride or in s-
tetrachloroethane as solvents. Micn sulfamic acid and phosphorus tri-
bromide 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 sulfamic acid. and phosphorus pentabromide were recovered upon
sublimation, indicating that no interaction actually did occur. Neither
was reaction noted using s-tetrachloraethane as a solvent and r~fluxing
the reactants in the saee mole ratios at 1206C. for one week. Upon
distillation, bromine and phosphorus tribromide were obtained, the residue
being constituted by unreacted sulfamic acid.

XV. Synthesis of Sulfanuric ChloridebThermal Cleavge

of Trichlorophosphazosulfonyl Chlollide

A. Introduction

It is well known that in the emmonolysis of sulfuryl chloride either
with gaseous or liquid ammonia, other deammonation products such as
imidoc..asulfsmide and sulfimide are produced, in addition to sulfamide
as a main product. Even though sulfimide, because of its instability could
inot be isolated as such, Traube (42) absumed he had secured the correspondent
silver salt. The silver salt of sulfimide was also believed to have been
obtained by Traube (42) from the products of the thermal decomposition of
sulfami e.

It was only later (43) that it was shown that Traube's salts vere
actually salts of a trimer of sulfimide, e.g. salts of trisulfimide. All
the attempts to isolate the hydrogen compound, however, have so far
failed, thus suggesting that trisulfimide, like sulfimide, must be a very
unstable compound. Recently, a tetrameric form of sulfimide as a silver
salt, as well an a methyl derivative, have been obtained by Appel and
Goehring(44) by allowing ammonia to react with excess sulfur trioxide in
nitromethane solution.

All of this indicates that monomeric sulfimide, if it is formed, must
be very unstable and must readily stabilize itself by forming six and eight-
membered rings.

During our study on the sulfur-jiitro~en mystem, it has been of
interest to investigate a sulfur-nitroZen ring compound of relative
stability, and sulfanuric chloride has been chosen because of its potential
and interesting properties. Again it should be pointed out that, although
sulfanuric chloride is readily accessible, the corresponding acid, i.e.,
sulfanuric acid, has not' been isolated. This is neither surprising nor
unexpected since we may regard sulfanuric acid as an isomer of trimeric sulfimide.
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The two materials can in fact be considered to exist in the tvo tautomeric
forms

HN NHo

Ojr ON 'OH

H

and the acid, like trisulfimide cannot be isolated as the hydrogen compound
itself.

This is furtherly substantiated by the fact that hydrolysis of
sulfanuric chloride leads to sulfanuric acid only as an unstable intermediate
with imidodisulfam•ide, sulfuric acid, and hydrochloric acid being the
final products (45).

[N=S(O)Cl.]3 + 5H20 - 1N[=S(O0OCIt] > H2SO4+3HCl+(EI 2FSO2 ) 2NH
unstable

Sulfanuric chloride on the other hviid, is quite a stable material. The
synthesis of this compound can be accomplished by any of the following
procedures:

1. Reaction of sulfLnic acid -Ath phosphorus(V) chloride and
thermal decomposition of the product (46,47).

HO-S0 2NH2 + 2 PCI.5 24 hr- 3HC1 + OPC1s + CI-SO2 N=PCl 0
90-950C.

3 Cl-SO2N-PCI3 3POCl 3 + [Cl-S(o)N]3

2. Reaction of a mixture of sulfuryl chloride and thionyl chloride
with gaseous ammonia (48). The sul±'rauric chloride is obtained by
sublimation of the reaction products under vacuum.

3. Oxidation of thiazyl chloride with sulfur trioxide (49).

[N=SC1]S + SOD "0 [N=S(O)Cl] 3 + SO2

Of the three procedures available, the thermal decomposition of
triablorophospliazosulfonyl chloride is the one uhich gives the most
satie•actory synthesis of sulfanuric chloride. Furthermore, two isomers,
the _. and a-forms , can be obtained. Goehringl' procedure, which involves
the reaction of a mixture of sulfuryl chloride and thionyl chloride in the
molar ratio 2:1 with gaseous ammonia at -80*C., yields, amiong other deamnonation
products, only the rA form of sulfanuric chloride and that in low yield.
The method involving the oxidation of thiazyl chloride (tr!rner) with
sulfur trioxide does not seem very practicable because of •he difficulties
which one vould encounter in the preparation of the thiazyl chloride.
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* Trichlorophosphazosulfonyl chloride, on the other hand., can be
readily prepared in 75. OP yield by the reaction of sulfamie acid with
phosphousu(V) chloride. Upan heating the chloride at 1.30-140C at a pressure
of ca. 5 mm. for 3 hours while a stream of dry air is slowly passed
through the substance, phosphorus oxytrichloride is released almost
quantitatively, and the residue consists main3y of a mixture of iscmera
of sulfanuric chloride. Two substances (L'w and _)'.*e:e isolated from
the reaction product, and at least three more substances are believed to be
present although they have not been isolated yet.

Inasmuch as the recovery of phosphorus oxytrichloride is almost
quantitative and the yields of the two isomers are quite low (24,0% for
the , fnd= ana 18.01 for the P) in comp-arison to the overall yield, it is
reasonable to assuma. that monomoeic sulfanurie chloride can undergo
further transformations, polymerization, In'particular.

Li Cl
N.S(O)Cl --- [N=S(O)C1]s + [-S=N-]n

01

Substances.2 and f contain no hydrogen or phosphorus, the foxmula being
1•S(O)CI, and theit moleculox wiuCIht being equivalent to [N=S(O)Cl] 3 .

The materials appear to possess a ring structure with either
alternating single and double bonds betieen nitrogen and sulfu- atoms, or
with alternating positive sulfur atoms and negative nitrogen atoms as:

0 C
-V/I S

Cl Q-) Cl

I II

One form melts at 144-145.5 0 C, and by analogy with cyanuric chloride
it is called e -sulfanuric chloride, It may be Qulled also 1,3,5-
triehloroxo-l,3,5-trithiatriazine. The other form melts at 47'C. and is
called a-sulfanuric chloride. Kirsanov suggested the two forms to be cis
and trans isomers, the cis isomer with the three chlorine atoms on one
side of the ring and the trans isomer with tuc chlorine atoms on one side
of the ring and the third chlorine on the opp;os:ite side of the ring. Such
an assumption, however, implies a planar ring. This has been shown recently
not to be the case (50). X-ray studies on 1_-sulfanuric chloride have
shown the crystals to be orthorhombie, -ith four molecules per unit cell
of dimensions a = 7.60 At b=il.46 A, c=l0.10 A. and bond lengths:
S-N=l.58 A., 8-CI=2.00 A., and B-O=l.43 A. The arrangement of the bonds
around the sulfur has been found to be roughly tetrahedral, and the
S-N-S angles to be 1200.
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Thus formula(XI) proposed as an alternative by Kirsanov, contributes
insignificantly to the overall molecular structure. Futshermore since
the sulfur-nitrogen bond distances are identical and quite close to the
double-bond distance (1.56 A), delocalization of the -'.electrons must
occur with alternating single and p]7'-d'!7"douible bonds. The thr&.e
chlorine atoms have been, found to be all axial, and a chair configuration
has been assigned.

No data are presently available as far as the structure of P-sulfanuric
chloride is concerne:,i. inasmuch as it is an isomer of -sulfanuric chloride,
a chair eonfigu:vationi wvit1 three oxygen atoms axial and three chlorine
atoms equatoxial a7 -all1 arý the boat form might be nssif-neal. More worTk
on this area, thereiore, has to be done before such an as:tgnmrnt can be
eotablished.

In the coitrse of our investilgation, seveval experiments to cleave the
trichlorophosphazosulSonyl chloride have been performed under different
conditions. In all instances, cleavage did occur only when the reaction
mixture was heated at 130-140%C and wh1ien the pressure in the system was
maintained at ca. 8-10 mr.

The separation of - 3nrd (3 isomers has been effected with a slight
modification of Kirsanov p.:ocedvxe. After the thermal cleavage wcnt to
corplotion the produc-.t lof4 in l.he distillation flank was ex;;racted several
times -. th hot n-he!,bane, :.:*om which upon cooling large c:,.ystals settled.
The precipitate was filtetro-l, and. the excess of sclv-¢.,nt vas driven oirf
under vacuum. The ,"-)hbincd mater..als, which consist mainly of a mixture of •

nd 0 aulfanure cL:.. .ide, were sublimed then under high vacaum. .be 0 -
sulfanuric chloride '-ublimes readily at room temperature at 0.005 rn.,
vhernas the cJ-sulfatiric chloride sublimes at 60-8 0 0C. under the sime
pressure.

After extraction of the Cfand 0 isomers, the remaining viscous oily
residue was found to be very hygroscopic and insoluble in several organic
solvents.

B. Physical Properties

TheOand P sulfanuric chlorides are white: crystalline, hygroscop.C
materials, which melt without decomposition at I44-146*C. and at 46-47.5%C.
respectively. The P form hydrolyzed more readily than the i., form and its
melting point is depressed by the presence of moisture. Both can be
stored, hovever, for a long period of time in a disiceator over sulfuric
acid or phosphorus(V) oxide wihoub appreciable change in their composition.

Both forms are insoluble ini w.ter, in which they hydrolyze slowly;
readily soluble in organic solvents such as ether, benzene, ethyl acetate;
sparingly soluble in carbon tetrachloride and chloroform; and very slightly
soluble in n-heptane and petroleum ether. The last two solvents were
found the best for their purification.
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0. 3fperimental

-M and 0 Sulfanuria Chloride. Two hundred twelve grams (0.85 mole)

of trichlorophosphazusulfonyl chloride (m.p. 33-355C.) was placed in a
distillation flask fitted with a deflagmetor and an inlet tube for dry air.
The receiver was chilled at -70 0C. by means of a freezing mixture. Dry air,
previously desi6zcated with calcium chloride, was continuously passed through
the substEmce in order to maintain the pressure in the system at c.a. 8-10

mm. Heating washeld at 1000C., and the temperature was then slowly raised
to 1300C. At this temperature, thermal decomposition starte& and. phosphorus
oxytrichloride begunz to dist1.l rapidly. After 1 hour at 1300C., the
tcmperature was raised to 140°C. for an additional one hoir and finally to
150*C. for a short period of' time. Usually, after 2.5 tl--'rs, the distillation
of phosphorus oxytrichloride ceazes, and the thermal clcarage can be
conxidered finished. A tboaL of 115 g. of phosphorus oxytrichloride mere
recovered in the chilled receiver, which means that 90.0% of the trichloro-
phosphazosulfonyl chloride underwent cleavage.

The dark residue in the disti1llation flask quickly solidified to a
dark mass when the flask mas kept at room temenerasture. Thes'/ and (
sulfanuric nhlorides were extrac c zd from the reaction prt-Aucts by means of
hot; n-heptane. Upon coliMng, large crystals separated, -which were filtered
and dried. The excess of solvent was removed in vacuo, and some more
material was recovered. The solids were combined, and the separation of the
t-o isomers was achieved either by sublimation under high vacuum or by
f;ractional crystallizatic.- from n-heptane or petroleiz i e'her b.p. 900C.
Sublimation works well r;-ce the .. ' sulfanuric chloride sublimes readily at
8'?°C. under high vac'-um. i-hereas the 0 form sublimes at room temperature
uniler the same vacuum. No dilTerence in melting point vas found betweaen
the material obtained by sublimation and that obtained by
recrystallization from n-heptane. The.j -sulfanuric chloride melts at 144-
1450C., the P-forn at 46-470C.; both without decomposition. Yields: C. -
sulfanuric chloride, 12.0 g. (14.5% of theory); 0-sulfanuric chloride 8.0 g.
(9.81% of theory).

Anal. Caled. for c, (NSOCI) N, 14.36 M.W. Calcd. 292.578
Found: N, 14.147 Found 300

Caled. for P(NSOCI) N, 14.36 M.W. Caled. 292.578
Found: N, 14.21 Found 294

D. Atempted Pre2aration of Iulfanuric hloride by Reaction of Thionvl
Chloride with Akmonium Chloride in the Presence of Clorine

We have found it interesting, in dealing with the preparation of
sulfanuric chloride, to attempt the direct synthesis of this material
by the reaction of thionyl chloride with ammonium chloride as a source
of nitrogen, in the presence of chlorine as a oxidizing agent. Sj-
tetrachloroethane was used as a solvent in our e:-periments. Reactions
have been carried out under different conditions of time and temperature
and always with a large excess of ammonium chloride. The reaction should
proeeed according to the following stoichiometry:

3s0C12 + 3NE,4Cl + 3012 + [N-S(0)Cl] 3 + 12R1{C
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Unfortunately even after refluxing the reactants at 110-1300C.
for one week, the reaction has failed to yield any product. Ammonium
chloride was in all instances recovered unchanged thus indicating that the
nitridation of thionyl chloride did not occur as expected. In fact,
the reaction could start only if oxidation of aulfur(W) to sulfur(VI)
by the action of chlorine takes place. The absence of such an oxidation
to produce even as an unstable intermediate the unknown thionyl tetrachloride
may perhaps be the reason for failure of the reaction.

E. Attemrted Preparstion of Sulfanuric Fluoride by Mtathetical F•:change
of Sulfanuric Chloride

Inorganic aromatic systems such as the phosphonitrilic chlorides and
thiazyl chloride have been successfully converted into the corresponding
fluorine compounds either by the use of fluorinating asgents like potassium
fluorosulfinate, silver fluoride, and lead fluoride or 'by metathetical
exchange with sodium fluoride in acetonitrile and nitrobenzene as solvents.

The synthesis of sulfanuric fluoride has not been reported as yet
although the corresponding chloride can be successfully synthesized by
several different procedures. The only reference in the literatture(51)
describes the synthesis of polymeric sulfanuric fluoride by the reaction
of thionyltetralluoride vith ammonia, according to the following equation:

F

ZOW4 + 4NHB3 - NH4[FSN] + 2NWH4

0

The emmonium salt upon sublimation there yielded a polymer as
F P F

NH4  [FSNI] - 1 (-SaN-) + NH4F
0 n 0

There was no indication, however, whether the trimer was found among the
decomposition products. It has been of interest, therefore, to attempt
the synthesis of VL and f sulfanuric fluoride by the metathesis of the
corresponding chlorides with sodium fluoride in nitrobenzene as a solvent.
Moreover, if such a synthesis could be attained successfully, the availability
of d and 0 sulfanuric fluoride would permit a study of the fluorine
nuclear magnetic resonance spectra and consequently a possible speculation
as to the stereochemistry of the,:: and 0 formis.

Nitrobenzene was chosen as a solvent because of its high boiling
point with the hope that the sulfanuric fluoride, if formed during the
metathetical exchange, could be volatilized and subsequently trapped in
relatively high purity in a vessel chilled at -700C. Such a procedure
which works excellently for the preparation of the phosphonitrilie fluoride.,
has failed, however, to yield the sulfanuric fluorides.
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Reactions were carried out always in the presence of a large
excess of sodium fluoride and at temperatures of 1000C., 1300C., and
180*C. In no case, even upon refluxing with stirring of the reaction
mixture for 24 hours, could product be recovered in the chilled container.
The niWrobenzene solation, slightly colored at low temperatures, becam.
darker and darker upon refluxing, and after 24 hours it appeared to be
completely black. Neithur could product or unreacted starting sulfanuric
chloride be recovered after distillation of the excess of solvent and
extraction of the residue with several organic solvents.

This suggests 'that decomposition and not exchange may occur during
the cource of the reaeti on. These preliminary failures, though, do not
allow us to conclude that exchange is impossible, but rather than that
nitrobenzene may not be a suitable solvent. Our effort in the future will
be extended to the synthesis of this interesting material, using different
and lower boiling solvents.

F. Discussion

Of the methods available for the preparation of su.fanuric chloride,
Kirsanov's procedure has been shown to be the most suitable. Although
yields are not very satisfactory, they are greater than those obtained
by any other known procedare, and in addition two geometrical isomers
are obtained. The the-nal cleavage, however, requires a more complete
investigation to permit identi'ication of the reaction residue in which
some other interciting decomposition products may still be contained.
,r-e metathetical exchange reaction of ýj-sulfanuric chloride with sodium
fiuoride in nitrobenzene has failed to produce the desired fluorine
compound. No exchange was noticed during the course of the reaction but
rcther only the decomposition of the starting material.

XVI. Diipole Moment Measurements of and 1r-Sulfanuric Chlorides

A. Introduction

The synthesis of c;- and P-sulfanuric 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 carried out recently in this area have fully confirmed
these results, and molecular-weight determinations by the vapor pressure
mothod have shown that the molecular weights are of the same order for
both materials. The products appear to differ only in melting point.

On the basis of such results, it is reasonable to assiune that
isomerism must be involved in the molecule of silfanuric chloride although
the cis and trans configurations are to be e-,cluded on the basis of a
re.eent x-ray study on the crystal of '-A-sulfanuric chloride. As a result of
such investigation, the ring has been found not to be planar and the
chair configuration has been assigned to the e_' - form of sulfanuric chloride.
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The structure of A-sulfanuric chloride remains unknown. Inasmuch
as the electric dipole moment is strictly related to the symmetry of a
molecule, we have found it Intereating to determine this constant as a
possible approac1h to the identification of the P-iscmer.

It is known that when a medium is place& between the plates of a
capacitor, the capacitance is increased by a .`factor g_ known as the
dielectric constant. If Co is the capacitance with a vacuum and C the
capacitance with the medium between the plates of the condenser, the
dielectric constant E is given by the following ratio:

-. C
C~o

Since the introduction of any medium increases the capacitance while the
charge on the condenser plates must remain unchanged, tho electric field
between the plates must be reduced by the same factor Z__. (52).

The reduction in the electric field may be due to to effects.
In the first instance, which is always true whether the molecule of
the medium has a permanent dipole moment or not, a separe:Uion of the
ponitive and negative charges within each molecule tends ;o take place.
The molecules are said to undergo a distortion •irization, P
If, however, the molecule of the medium has a permanent dipole moment ))'
a second effect known as orientation 1 r)l zato.n, jo, will be present.

Both the molar distortion polarizotion and the molar orientation
p-I.arization have Lhe dimensions oJV a volume, and it can be said that
the total molar po3 hrizati- -M' is given by the following equation:

-M -go +-PD

Moreover the distortion polarization, P arises in two ways: First, the
electrons in the molecules will be displaced idth respect to the nuclei
towmards the positive pole of the applied field. This effect is known as
the electron polarization, often called also molar refractivity, P.
Second, the nuclei will be slightly displaced with respect to one ýnother
giving rise to the Atom PolarizationL _A. Thus we can say that:

=D -E -A

and that the total molar polarization is given by:

P = P + P +rP
i-11 -0 ;__; -A

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

ý2M-o ý-D 3 .+ A I
If we restrict our considerations to dilute solutions of polar molecules
in non-polar solvents, we can express the total molar polarization also



X2.

by the Clausius-Hossotti equation:

-M d

Equating expressions (1) and (It) for the total molar polarization, we
obtalu:

In order to derive/-'- from equation (Il1), two differont procedures
can be followed. By means of the temperature-method, it can be shown
t'.at under normal conditions of ineasurements,-..E amd are temperature

independent. We can then measure the dielectric constVn• C. and the
density d over a range of temperature and plot P , calculated from
equation-(I), against I/T. From equation (II),;-Se slope of the graph
rll be equal to 4 70 No*J•/2 K, and the intercept of the line at I/T = 0

v,..Ll give the value of 'P (53T. Althougth the evaluation of?6L,. by the
te.perature method appears to be a simple process, there are actually
several difficulties. It itvolves the assumption that is independent
of temperature, end this is not always true. Moreover, not all substances
are stable over a sufficiently wide range of temperature for this method
to be applied.

Thus a second method, known as the refractivity-metbod, has therefore
boon recommended to eliminate the effect of distortion polarization.
5e refractivity method is based on the fact that the speed of response
c;"' the three types of polarizhtion (electron, atom, and orientation) to
an oscillatory electric field differs greatly. h..rthermore, a simplification
can be introduced through the Maxiwell relationship that the dielectric
constant is equal to the square of the refractive index, provided the
refractive index is measured at a sufficiently high frequency for the
orientation polarization .o be absent. This latter metho4, though
preferable to the temperature method, has some disadvantages also. We
cannot allow for the solvent effect due to interactions between solutes
and solvent molecules, and we have to allow for the atom polarization, -PA
even though there are no ways of evaluating it, Such a value, however,
is usually very small and can be estimated to be between 5 and 15 per cent
of PE"

Such a procedure is the one we have used in the determination of
the dipole moment of.. and 0 sulfanur.c chlorides. Among the several
approaches available for the determination of PM and _P, we have
applied the Ealverstadt-Kumler equation. Such a procedure is an
extension of the original Debye equation for the calculation of the total
molar polarization:

P1 ' PI + Ppf -1 M3.L + -2 +....

If P. ia calculated by using weight frmctions (•) instead of molar
frae•ions (f), a linear relationship still holds between dielectric constants
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and specific volumes and weight fractions. The procedure is also much
simpler since the molecular weight of the solvent need not be known.
Disregarding the whole mathematical calculation, the Halverstadt-
Kuiber expression, which gives the specific total polarization, is
as follows:

3M 31- v!o + (• +
(6a+2)2 1 + g

vhere S and P represent respectively, the limiting values of a wy
andii ITta at zero concentration, v the specific volume of the solvent,
and _c2 the dielectric constant of the solvent. The total molar
po.larization is then given by:

The specific electron polarization may be derived fr'm the measured
vAlues of the refractiie index, using the analogous relationship for
ton molar polarization:

+ _n-2 -(o +
(Mn -+ 2)a _n12 + 2

-v:tr-te in replaced by a ad .r is the limiting value of
Sj./w_ at zero coneentration. The total molar refrac-ivity will

thcn be:

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

So0.0128.108 u.e•.s \/Po x Tok

= 0.0128 o x TOK D.

Por our purposes, the dielectric constants of ptire benzene and of several
benzene solutions of n(_ and ft-sulfanuric chloride were determined by
meais of a capacitor at 250C. The respective specific volumes were
determined at the same temperature with a calibrated pycnometer, whereas
the refractive indices of the colorless solutions were measured with a
differential refractometer at the 436 rdP-line of mercury (54). Values
of 3.81 D and 2.19 D were obtained for i.- and [1-sulfanuric chloride
respectively.

B. Experimentsl

cj- and P-sulfanuric chlorides were recrystallized from n-heptane
until sharp melting points of 144-145.5 0 C. andt 47*C. were reached. Benzene
was redistilled over phosphorus(V) oxide and stored over sodium wire for
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2P4 hours. In the experiments performed, the following nomenclature has
been used:

w - • eight fraction; E 1 dielectric constant of benzene;
dielectric constants of solutions; Vy = specific volume of

benzene; V12 =Specific volumes of solutions; q4 =:).(,1w2/ ; 4Y2
X12 i4 r~ 12/a e ; P =total molar polarizat ion; P~

molar refractfviA=y; molar ientabion polarization; and '•. =
dipole moment. All Rasuz ents were carried out at 250C. (2--K.).
The values of-t>, •, and were obtained graphically.

Results are su-mmrized in Tables XIII, XIV, and XV.

C. Discussion

The dipole moments of Z, and P-sulfanuric chlorides in benzene
have been detei~ained and found to be of the order of 3.80 D and 2.19 D
respectively. If we consider a bond moment as a vector quantity directed
along the line of the internuclear axis, we may approximate the total
l.ý.pole moment of a polyatomic molecule as given by the vector sum of
the various bond moments.

Inasmuch as the chair configuration irith all the chlorine axial,
has been recently assigned to Q_-sulfanuric chloride, it is expected
that this substance must possess the greatest dipole moment in respect
+to the other possible forms. P-sulfanurie chloride is undoubtly less
p)Iar since its dipole moment, has been found to be 2.19 ;4Z Thus either

'..;"ther chair form or the boat configuration might be asr.igned to its
riuJ.eeule.

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

M eastuement of Electric D Moment

Weight fraction ielectrzic constant Specific volume: Square of refractivePof solutions J Of solutions indices
22 ! 1_2 . v12 _nJ.2

0.01900 2.3770 1,1114 2.2455

0.0100 2.3280 1.20 2.24~40

o. 0o1k 2.3060 1.123 2.2437

E1-_ 2.2724 vI . 1.26o 0 aj - 2.224•,0

5 5.50; -D* 0.70; O -C .95; R. = 336; j!E - 4 1;P=295
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'Table XIV

Measurement of Electric Dijole Moment

Weight fraction Dielectric constants Specifric volumes Square of Refractive
of solutions of solutions indices

Ye L .2 Z12 1?12
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Table XV
Measurement of Electric Dipole Maent

Inaumuch as and P sulfanuric chlorides are isomers, the densities
and the refractive indices of their solutions do not differ greatly within
the experimental error. Consequently, for the calculation of the dipole
momeat of a-sulfanuric chloride only the variations of the dielectric
constant have been determined. The molar refr.activity has been calculated
by using the values of P and './ obtained graphically in the determination
of the dipole moment fore, -sulfanuric chloride.

Weight fraction Dielectric constants
Iva of solutions
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S0.0128\/-29.3o00* 2.19 D.
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