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Summary
The preparations of thiodithiazyldichloride, 83N2012, and

thiodithiazyldiphenyl, SBNZPh2 are discussed., Reactions of the type
SBNZGlZ + 2MK ——> SjN2X2 + 2MCl, and the formation of metal complexes

with SBNZPhZ were attempted. Both thiodithiazyl compounds could be

purified by sublimation. The I.R. sbectra of the compounds SBN2012’

83N201 and SBNZPh2 were recorded and compared with that of 8 The

31\1202.
'sulphur-nitrogent bond lengths in 33N2012, SBN201 and S3'N2Ph2 are

predicted, The mass spectra of SBN2012’ SBNZPhZ and SA$4_were recorded

and discussed. A possible structure for S3N2Ph2 is given,
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INTRODUCTTON

" Thiodithiazyl derivatives form one class of !'sulphur-nitrogen'
compounds. The term 'sulphur-nitrogen' implies that such compounds
contain single and/or double bonds between sulphur and nitrogen atoms.
Sulphur-nitrogen compounds can be subdivided into three main types:-

1. ,Polycjclic and cage molecules e.g. S /+N 4;

2, Monocyelic systems e.g. 331\13(:13 R SBNBOBG]'B’ S 4N 4H 4

S,NF,, 8,N;01;

3. Compounds containing sulphur-nitrogen chains e.g. S3N2F2,
SqN 01y, SyN,(Aryl)y, SN0, |

Several reviews cover these compounds generallyl’z’3 24 while
many papers refer to individual compounds. See Table 1.

The referenc_es given by no means cover the whole of sulphur-
nitrogen chemistry;, but certainly give a detailed study of this subject,
and inevitably lead to other references of equal interest.

Thiodithiazyl compounds, contain, as the title suggests, an 83N2
unit and consequently could be generally designated as 831\121{2. There
are few compounds of this type known, but the available information is
éiven below under the individual compounds. These are:-

(1) Thiodithiazyldifluoride, S,N,F,'+1819:45

SBN2F2 is formed by the decomposition of NSF in a glass flask,

. forming green-yellow crystals. Glemserl’ 45 r'eported that sublimation

ylelded two fractions, at-40°C and 65°C, both of which gave identical

", | ‘F.E
?‘ag‘@kﬁﬂl
{25 canivsl

13793
. LIE;?U\.V{
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Teble 1.
COMPOUNDS REAGCTIONS or .
' SPECTROSCOPIC
or CLASS PREPARATIONS
SANL Prep. 14, 67 I.R. 5: Raman 5:
Reaction with NH3 11; H20 12; U.V. 7: Vis, 7:
RMgBr 13. M.0O, cales. 6, 7.
Assignments 5.
S,NH, Prep. 8 I.R. 5, 8
Reaction with S,7NH 10; Tentative
Oxidation 95 RSO,CL 31 assignments 5.
F ‘ . .
| NSF Review 19
SNF and SNF, Prep. 15, 16, Adducts with I.R. 15, 16, 20
BFy 27 N.M.R. 20.
P ------- L -------- el e el il i e
] F3 S41\I/+I“4 | Prep. 1l N.M.R. 20
S31\12F2 Prep. 18
r D GEL GED ST i G mn D R GEN G GED CEDL GER GER N S Gmn SR S S mm e ol wm W eE R am s S e = e J
SANBF Prep. 17 IF.R. 17
NSC1
NSC1 and Prep. 21, 24, 28
SBN:,’GI3
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Table 1 (cont,)

COMPOUNDS REACTIONS or :
' SPECTROSCOPIC

or CLASS PREPARATIONS
S,N,0L, ' Prep. 21, 22, 23, 25, 26
e S S Y
SANBGI Prep., 21, 22, 23, 25, 26, 29 { I.R. 17, 30:

Raman 30: N.M.R. 29

S3151303Gl3 Prep., 98 Structure 99, 100
S3Nzo Prep. 33, 34
r— —————— - e em S S e D M S S E WP e Ee e s e P > o e s e o e s = -
831\1202 Prep. 14, 33, 34 X-ray structure 54
s R, SR -
SN0 Prep., 52, 53
SRy
R = Alkyl Prep. 21

= Aryl Prep. 13, 31, 32
Metal Thio- Prep. 35-39
nitrosyls
S-N polymers Prep. 41-44 I.R. 40

A Brief Background Survey of 'ﬂ.nhur-l\l; trogen'! Chemigtry
Reference Numbers are given on Page 125
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visible spectrﬁ (in carbon tetrachioride). Furthermore determination
of the moléculé.r weights, oxidation number of the sulphur, and
elemental analysis gave the same values for both fractions., This led
Glemser to postulate two possible structures (la) and (1b) of which
(la) was preferred because of the different canonical forms possible,
which would account for the intense \colour of 83N2F2.'

F~S-N=S=N-S-F. and R _N=S

s
7 N=S

(1a) (1v)
(11) Ihiodithiazyldichloride, SBN2CJ72
' 831\12(312 was reported as early as 1881‘*6 vhen it was prepared by
gently heating 1‘13'336.‘.13 in 8201246’27' In the presence of excess
chlorine it reverts to N333013 - probably in the following manner:
3331‘12(‘,12 + 3012—>(6NSGI- + 3'8012) '——')21‘1383013

while further heating in 5,01,% or 5,01, in C01," or in c01425'26

gives S,N,C1 probably via 33u2c125"

Jolly et. 31.23 s25,26 improved the preparation of SBNchl.2 by
heating ammonium chloride and 82012 under an air condenser for several
hours. Crystals of 83N2012 formed in the air condenser and the product,
freed of 82(312 on the vacuum line, could be stored under nitrogen or in
vacuo for several days. ‘

The mechanism proposed for this reaction:

NH 4c1 + 25,C1—> NSCl + 38 + HC1

2NSC1 + 32'01 > S,N,C1, + SC1

2 372 p
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is based on the fact that with 82(:12 in excess, NSCl is formed in
solution?4s 27 and it is essumed that the delay time in the formation

of 83112(}12 is caused by the need for an optimum concentration of sulphur,

since by adding sulphur to the reaction mixture the induction period

can be reduced. -hmthermore, the presence of sulphur should cause the
equilibria '
82012\——3 82 + t.':l2
— P
S Cl, == 8 + §C1,

to shift in favour of 32012, thereby reducing the concentration of

chlorine and hence lowering the 'chance of the formation of NSCl or

1\1383013 by the reaction of chlorine with SBN2012'

According to Jolly et. a1.25 sublimation of 83N2612 in vacuo at

80-95° gave dark green S3N2°1'

No structural or spectroscopic data on 83N2C-12 is as yet available
although it would seem reasonable to assume that its structure should
be similer to SBN2F2. '

(IZI) Thiodithiszylmonochloride, SBN201

SBNZCJ‘ is a green crystalline compound, which can__be obtained
from SN, + 5,01, in the cold4’* or by vacuum sublimstion of SyN,C1,
at 80-950025 ° Becke-Go.eh:ring'Z“8 suggested that the reaction S 4Iﬂl A +
82012 was complex and proceeded via some unknown intermediate, and
found that SBN201 wes formed by reacting NOC1l with S 4l\T W o when
1\1383¢.713 reacted with NO in nitromethane as solvent. Again siructr_zral

and spectroscopic date are unavailable. SBN201 hydrolyses rapidly; its


http://can.be
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insolubility in orgsnic solvents and low velatility indicate some

degree of polymerisation.

(Iv) Thicdithiazylmonobromide, SBN 2Br

Both Glemserl and Goehr:mgs 0 mention this compound, both authors

commenting on its probable degree of similarity to S,N,Cl. Beyond

this, nothing is known unless further information is availsble in the
original experimental work4?°

(V) Diisothissylsulphoxide, 0S(Ns), >3

Meuwsen et. za.l.33 reported the formation of SBNZO by the reactions

1. S4N4H4 + SOC1 5> OS(SN)

4 4 +C H58001% OS(SNI)2 + (C 0)230

3. Hgs(l\IS)8 + 80012——? OS(SN)2

24

OS(NS)2 is soluble in many organic solvents - benzene, alcohols,

acetic acid, acetone, pyridine, fumes in air, but is insoluble in

2

water’® It is decomposed by SM.NaOH to give 5,05, 505", end NE,,

273
and hence the probable structure is (2a) although Goshring preferred
the eyclic structure (2'!))3 »50 because of its analogy to the sulphur-

nitrogen compound S 41\12 and because of its red colour,

N=8 . 8
0=s "
Swes 5
\O/

(22) | | (2)

Its colour in orgenic solvents is yellow, and with nitric acid it
"~ forms a green liquid.
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(VI) Ihiodithiasyldioxide, S,N.0,

33N202 can be prepared from S 4l\T 4o S 4N301 with 802 and SOCl2

or from sulphur and ammonium chloride with 8001214'

Study of a series of hydrolysis reectionsso, labelling of the
51

50,51

sulphur in SO,, and 80012 » and also of the reaction of SBN2O2 with

2
80352’53 led Goehring to suggest the ring structure (3a) for S3N:202.

AN 0

Y L s [
0 =5, ° A N2

(3a) _ (3v)

This however was shown to be incorrect by Weisssl’

who proved by
X-ray techniques that the structure was a planar chain (3b) where:-
a=688 - b=4.368 ¢ = 16,528

8,-N 1.608 s

N =158 s,0=131%8 g-s=2.381%
s, =95.3°  §,=1153° N =120°
SN0, is pale yellow, crystalline, with a m.p. 100.7°, and it
dissolves in alcohol or benzol., It reacts with water as shown,
| S3N2°2 + 48,0 -—>(1\IH4)28306
or with damp nitrogen as follows, '

damp N '
233N202—-L—e> SN, + 250,

(vII) | Thiodithiazylpentoxide, SN0,
831\1205 can be prepared, either by the reaction of S, N.O, and

3272
80352, or by the reaction of SO3 on S 41\1 453 * The compound is colourless,

'crystalline, sublimes easily and dissolves in benzeric and benzene homologues.
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Goehring et. al.2’3’48’5 2953 ‘suggest that the structure of

37°2°5
(4b) would appear to be more probable.

- 0= (‘s);l (1:1 | ﬁ =0
, = =
ozs\o /éoz N W
(4) (4b)

(VIII) Alkyl and Aryl Subgtituted Thiodithiazyl Derivatives, 83N2R2
‘Several ‘compounds of this type are known and have been prepared by

S.K.0- is (4a), but by analogy to Weiss structure of SBN20254, structure

two main methods:
a) ,SANI» + RMgBr—> 83'1‘321-'(2

31
b) S4N4H4 + R80201—983N2R2

Little progress has been made with aliphatic derivatives since"
1.

13,21,32

the producte tend to be oils or difficult to crystallize

Using RCGH,MgBr + SN, Heiss et. 1,13

derivatives with R=H, Cl, Br, OCHB. See Tsble 2.

synthesised a series of

No analysis figures were given, and the experimental details

. were very brief. The procedure was to add the Grignard reagent to a
benzene solution of S 4N i and to this was added 5% acetic acid/ice.
The mixture was allowed to stand for a period, after which the benzene
layer was separated, dried, evaporated to a viscous oil at the water
pump, and finally the product was obtained by recrystallisation of the
residual oil in alecohol. An alternative was to use hydrochlorie acid

instead of acetic acid3 2‘. Details of compounds prepared using this
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Table 2

COMPOUND (o]
' COLOUR m.p. C
R in RZSBN
2

CgHs . brown-gold 105
PCLC H, red-~brown 160
pBr06H A dark-brown ?
pCH3006H s | orange-brown 125-126

r] o -

Products of the Reaction RMgBr + SAQ%iEL:

!

Table 3
COMPQOUND o
R in R233N2 COLOUR m.p. C
06H5 ~ orange leaflets 105
pCICéHL :I;eedlzgm 160
red-brown
pBrCgH, leaflets A35
gold shining
POH0.CeH, | Teaflets 125
Products of the Reaction RMgBr + S N’A dn
3 A

the Alternative Preparation
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alternative method are given in Table 3. All these compounds are
insensitive to water, and dissolve readily in alcohol but are less
soluble in acetone, benzerieand dioxane.

Using substituted benzene sulphonyl halides, l?‘za.rra.r3 1 obtained
a series of prodgcts' by method (b). The method was to dissolve S 4I\I 4H 4
in dry pyridine and to this was added the sulphonyl halide, After a
period of an hour the solid was filtered, washed ‘with cold pyridine
and then recrystallised from trichloroethylene and dried. In this
manner 12 gm. of 2.4.5. trichlor-o‘benzen'e sulphonyl chloride and
2gn. S,N/H, gave 0.8gm. of thiodithiazyldi(2.4:5. trichlorobenzene).

The reagents tried, with appropriate melting points and comments
are listed in Table 4.

Farrar also notes that the alkaline hydrolysis of 'E283N2 gave
R=-S-S-R + SO + 8203 + NHB’ é.nd makes an interesting note with regard
to the use of solvents. Thus it is recommended that solvents such as
acetone, ethanol and methanol should not be usgd in working up these
compounds, since the products while similar in m.p. and appearance are
analytically different. The reason for this difference is unknown ’

but apparently it is not due to solvation.
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Table 4
R Prodﬁct m.p.°G
Phenyl - no product -
3.4.dichloro~ '
- no product : -
benzene .

2.4.5.trichloro- | red crystals of

209°¢
‘benzene (2-.4.5.01306H2)283N2
2.5.dichloro=- ( ) o
| (2.5.C1.C S.N 200°C
benzene 2 6H3 232 _
2¢4.5.tribromo- orange o

214°C

benzene ( 2.4.5.3:-3061{2 )2531«2

. ' " 310
Summary of the Reaction of Slgl._g4 with RSO,C1 .
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_ Objectives

The study of thiodithiazyl compounds arose from a project concerned
with the formation of sulphur-nitrogeﬂ polymers a.nd sulphur-nitrogen
metal polymers.

The use of polymers containing (S-S)!1 bonding has been established
in the large field of thiokol chemistry. Such polymers find uses as
surface coatings, water repellents, vulcanisers, fuel and concrete
tank liners etc.5 5,57. Furthermore, studies on dropwise condensation,
showed that compounds containing sulphur acted as good water repellents

on copper or copper containing sm-faces’58,68-71

’ while compounds
containing nitrogen had a similar, though not always as permanent effect,
on stainless stee158’72'

To quote Poninski and K'rysewskis9’ "A growing interest in aromatic
polymers with a System of continuous conjugated bonds in the chain, is '

. observed in the last decade. Polymeriec substances of this type show
some interesting features, viz; high thermostabality, relatively high
electrical conductivity, (often in semi-conductivity range) distinct’
paramagnetic properties and strong U.V. and visible light absorption.®
Consequently it was felt that some sulphur-nitrogen polymers may be of

practital use.

41,42
2’

or 82012 with small monomers such as methylamine, but the’products were

Sulphur-nitrogen polymer,s‘ have been made by the reaction of SCl

difficult to isolate from the resulting mixture of products. Thus it

~ appeared reasonable to attempt the polymerisation using larger monomers
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already containing sulphur-nitrogen bonds. The requirements for such
monomers are satisfied by thi:odithiazyl derivatives, .

To add further interest to the subject, it was hopea that the
thiodithiazyl compounds would complex with metal ions, and that from
these it would be possible to form sulphur-nitrogen-metal polymers,
which could be selected for maximum hydrolytic and ‘thermal stability.
The thinking >’ which led to the selection of thiodithiazyldiaryl
compounds for special study can be summarised as follows:

Both sulphur and nitrogen can act as donor atoms. If a sulphur-
nitrogen donor compound, which shows apprecidble hydrolytic and thermal
stability, can be synthesised, then it may be possible to choose the
acceptor molecule so that this stability is retained in the -product.
The aryl derivatives 831\12R2 fulfil these requirements to some extent.
The attractive features of the known aryl derivatives are:

(1) heating to fhe m.p. causes little if any de-composition

(11) dilute hydrochloric and acetic acids have no effect

111 11 1v

(111) +the donor capacity of N, S, and S is not likely to

be impaired by steric crowding when R is Ph or C¢H,R' (so long

4
as R' is small or in the meta or para position.)

(v) the probability of w~delocalisation in soge of the possible

complex compounds is likely to result in further stabilisation

(V) 4f initial experiments with Grignard reagents proved
successful, then bifunctional Grignard reagents could lead to

polymeric complexing agents
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(V1) polymeric materials cen alternatively be mede from sulphur-
nitrogen metal monomers by partial rupturi.né t;f the sulphur-
nitrogen rr-bonds. The. partial rupt-u.ring of these bonds
could be affecfed by hgating, or by condensation with

78.

unsaturated organic compounds Evidence for the polymer-

isation of SER=N- compounds 'is given in the polymerisation

o076 /

of thionylimine’? %272 thionylimines, RNSO'C which is

analogous to the: RNSeO system92 vhich polyinerises very easily
at room temperature, and also with cqmpc;unds of the type '
S&NR), perticularly when R = Bu® 42,1 quig speculation is
of course based on the assumption that SéN2R2 has a structure
similar to 331\121?2 as proposed by Glemser,l’ls’l‘s’ that is
R-S-N=S=N-S-R. The ease with which thg n-bond will break
is determined by the energetics of the system, which in turn
is governed by the nature of the orbitals involved. Thus the
T-bond strength diminishes as the principal quantum number
increa.ses' and also with increasing d-character; unless the
latter' is associated with back donation. Further factors to
_be consgidered ar390:
1. electron deficiency in both the bonding sulphur and
nitrogen partners |
‘2. the sum of the Pauling electronegativities must be 5
3. the difference between thé Pauling electronegativi-

ties must be small.
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According to Goubeaugl‘ the sum of the electronegativities

in a sulphur-nitrogen N-bond system is 5.5, and the electro-
negativities of N=N, HC=N, and HB=NH are 6, 5.5 and 5 respect-
ively. The nitrogen molecule is of course vefj stable and
shows no tendency to polymerisation, whereas HCN can be either
monomeric or polﬁeric » while HBNH exists solely in poly-
meric form., This would indicate that the sulphur-nitrogen W-
bond system is on the borderline between compounds showing
no. tendency to polymerisation and those which polymer;i.se :
readily. Consequently, it would seem justifiable to assume
that given the correct physical conditions the sulphur-nitrogen
N-bond would polymerise.
Since, of compounds of the type Sszxz, only the structure of
S?Nzozﬂ’ is known, speculation as to the possible structures of thiodi-
thiazyldiaryl metal c'oﬁplexes is of little value., It would seem doubtful

that the thiodithiazyl group should contain S'%

contain Sl 1 and S_I_I:V.

(e.g. 32379’80’97),
L

» and is more likely to

Many complexes are known containing donor Sll

donor STV (e.g. -39'?”’ the many S0, solvatessl) or

donor N .g. metal ammi.nessz-&"’ and aminesso), while many complexes

are known in which both S11 and Nm are present as donors, either when

85,86

separated from one another (e.g.f-mercaptoethylamine ) or when

bonded together (e.g. Thionitrosyl complexeséo’g'?’ss)

« As had already
been implied the thiodithiazyl group'could be a multidentate ligand,

and therefore, it would seem advisable, initialiy, .to‘ select an
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acceptor molecule or ion which has an affinity preferable to either
sulphur or nitrogen. In their review, Ahrland, Chatt and Daviessg,
divide the acceptors into three classes:

(a) those acceptors which form the most stable complexes with the
firgt row elements of Groups V, V1 and Vil, i.e. nitrogen,
oxygen and fluorine,

(b) those which form most stable complexes with the second row or
subsequent row elements of these éroups, i.e. phosphorous,
sulphur, . chlorine ete¢.,

(c) -a class not defined by the authors, but which can be obtained
from the text: those elements which are on the border regiog

~ of classes (a) and (b).

Class (a) is large and includes all the elements, excluding ‘the

rare géses? oxygeh, fluorine and those mentioned in classes (b)

and (e). ’

Class (b) includes Rh,Pd,Ag,Ir,Pt,Au and Hg.

Class (c) includes Mn,Fe,Co,Ni,Cu,Mo,Tc,Ru,Cd,W,Re,0s,T1,Fb,Bi and

Po.

The immediate objectives were to determine the method or methods
of approach and to familiarize the operator with various techniques,
Since many of the sulphur-nitrogen compounds are easily hydrolysed,
techniques for working with vacuum lines; under nitrogen and inside
glove boxes were essential, Furthermore, while the slemental analysis .

is the ultimate answer to synthesis, familiarity with Infra Red,
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Ultra Violet and Mass Spectrometry had to be obtained, in order to
distinguish probable new compounds and also to keep a complete record
of data of vibrational frequencies etc., to add to literature surveys.

The possible lines of approach are listed below:

a) SN, + R¥ghr—> R-S-N=S=N-S-R->

. | ) 1

b) RSOLCL + SN, — R-S-N=S=N-S-R’

¢) Cl-S-N=8S=N-S-Cl + PhLi ——=»Ph~S-N=S=N-S-Ph?

d) SOCl2 + SA§454-i> OS(NS)2

e) (ec.f. (d)) Mo0,Cl, + S N,H, —3= MoOz(NS)Z——a polymer?

2 TL44

(for prep. Mo0,C1, see6l’66')

10,11
f) 2_’_9

+ NHB-——a»HN-S=N-S-NH RN-SﬁN-SJNRZ?

54
Advantages and disadvantages exist for most of these lines of

approach. All of the methods other than c¢) depend on there being a

supply of S,N,, which while it can be made is not readily available in

4
69,14.

that the preparation takes several days Nonetheless, the propex;t-

ies and solubilities of SLN4 are known and methods a), b), d) and f) have

been shown to work.

Method ¢) has one major advantage in that S N.Cl, is readily

320l
#5922,% and should 8,N,G1, prove

availeble in the space 6f a few héurs
a useful intermediate, the starting materials, i.e. sulphur, ammohium
chloride and disulphur dichloride, are very cheap. This is a big
advantage from an induétrial.point of view. However, other than the
reactions

cc1,80°¢

- A122,29
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and its property of being easily hydrolysed, very little else is known
for certain. Thus the structure is almost éerta.inly similar to 83N2F2,
but this has not been absolutely ;;I'oved27' Nonetheless, the products
of reactions a) and b) are air stable, and should the products of
reaction ¢) prove to be the same, this would be an obvious aid to

3’272 :
Futhermore, working with 831\12(712 would enable the operator to

determining the structure of S N,.Cl

become familiar with inert atmosphere techniques. Since little is known
about this compound greater scope'is probable in using 831\12012 and
finally the bifunctional nature of S;N,Cl, may be useful for polymeris-
ation, while its apparent reactivity could be of great value in dry
solvents.

For the above reasons it was finally decided to approach the
project via method c) i.e. using 85N,Cl,, and in the event of no success
to try method a), the reaction of S 4N 4 with Grignard reagents.

The discussion on the experimental work which follows is divided
into two main sections:

(1) practical details on the preparatidn, properties and reactions

of
(a) thiodithiazyldichloride and
(b) thiodithiazyldiphenyl
(2) spectroscopic studies of
(a) thiodithiazyldichloride and any reaction products
(b) thio&ithiazyldiphenyl and any reaction products as
indicated in the text.



EXPERIMENTAL WORK
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Pre ion of Thiodithiazyldichloride

Thiodithiazyldichloride - 83N5012 was prepared as described by
Jolly et. a1.25' The main important differences were that the total
reaction time reported is 16 hours, vhereas the operator found that
after 7-8 hours excess sulphur bégan to sublime, and that the overall
yield reported (ligms.) could not be obtained (at best approx. 5gms.).
Less drastic heating increased the reaction tiﬁe but SBN2C12 formed on
the walls of the flask as well as on the condenser. A variety of
physical changes were made in an attempt to improve the yield. Heating
was tried using flat isomantles, oil baths and isomentles covering
almost the whole of the flask.l The oil baths prevented charring, while
if the flask was totally enclosed sulphur sublimed very easily. By
and large, what appeared to be the purest product was obtained using a -
flat isomantle or an oil bath, such that the oil was about 5-8mm. above
the level of the contents of the flask., The best yield of good product
appeared to form using a flask of 150-250 ce. capacity and.a-15mm:
diameter air condenser. The reactants could be heated less vigorously
and still allow the S.C1

2 2
The best results were obtained using the following system.

to reflux just above the neck of the flask.

Dry Ammonium Chloride (50gms.) and disulphurdichloride (25ml.) and
Sulphur (6,.4gms.) were placed in a 250 éc; two necked round bottom
flask. One neck contained a high vacuum tap; the other an air condenser
made of two small air condensers each 30-35 cm. long and approximately

15 mm, diameter. At the top of the condensers was a vacuum tap and then |
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a P205 tube. See fig, 1.

Heat was grédually épplied from a s.mall flat isomantle until the
32012 refluxed> just above the neck of the flask, inside the condenser.
The reaction was continued until sulphur bégan to sublime on the walls
of the flask, Iimmediately the isomantle was removed and the flask was
allowed to stand for at least an hour. The reaction vessel was
.replaééd by a small twe necked flask flushed with dry nitrogen, and the
whole apparatus. was connected to a vacuum line via the tap in the sec;)nd
neck of the flask. The system was evacﬁated for at least 30 minutes -
although for analytical purposes longer evacuation would be necessary.
(N.B. the vacuum tap fitted in the reaction flask was to enable a
counter current of nitrogen to be passed down the condenser to eliminate
any possibility of moisture entering the condemnser during the transfer
of the flalLsks. Initially. this technique was used, but. pz.'actice showed
that it \could be eliminated, provided the new flask was thoroughly
flushed out.)

After evacuation the appﬁatus- was let down to dry nitrogen, the
condenser.discOn.n‘ected at its mid-point and the crystals of SBN2C12
were scraped with a rod into the flask below, against a current of dry
nitrog.en_, The product was an orange/brovn mixture of needle and leaf
type crystals. If slight hydrolysis occurred the ctystals had a
metallic lustre. Before evacuating the apparatus the crystals appeared
orange/red in the lower parts of the c;ondenser (presumably due to
trapped Széiz) and orange to orange/brown in the higher regions. Grinding
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the crystalé in an inert atmosphere gave a yellow powder. The cr&stals
OOuld be préserved for over a week in a d;‘y inert atmdspﬁere. _ A
.chlorine analysis of one sample gave cl 39.5% (theoretically 36.41%).
| The reaction between S3l\12012 and water was vigorous and strongly
exothermic. It formed a black/red mixture which probably contained
S 4I\I n In damp air it formed a dark brown layer on the crystal surface
which hindered further reaction and appeared to be a contributing factor
to poor dissoiut.ion. Hence dry solvents must be used.

Ammonjum Sulphate is a cheap and readiiy available biproduct of
the chemical :i.ndusf.ry. For this reason and because of an interest in
the role played by ammonium chloride in the preparation of SBNZC]'Z’ an
equivalent amount of dry ammonium sulphate was substituted for ammonium
chloride. The overall yield was about the same, bu-t for some reason
the induction period was shorter. The exact differences in the induction
periods ﬁere difficult to estimate s;tnce no two heating programmes could
be said to be identical. A chlorine analysis on one sample gave
Cl 36.7% calc. 36.41%. The infra red and mass spectroscopic data of
$3N2012 dre:discussed in the spectroscopic section. .

In his pza.per25 Jolly appears. to regard the 83K2012 as being tpure’.
The reasons' for this are not given, although presumably elemental
analysis backs this use of the word 'pure!', Nonetheless it was felt
that reerystallisation from a suitable solvent woﬂd be ideal if one
could be found.

To this end the following solvents weré:.used, Carbon Tetrachloride;
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Ether; Methylene Chloride; Tetrahyﬁroﬁ:ran,;l Benzene, Monoglyme-;

Thionyl Chloride; Pyridine; Carbon Disulphide; Formic Acid and Dimethyl
Sulphoxide. Any observations made are reported under each solvent.
Carbon Tetrachloride:- 831\12012 dissolved slightly and the solution
turned_' green and finally yellow on warmi.nng”'r% .

Ether:- Partially dissolved but 1eft..'a black deposit. On total evapor-
ation, small orange deposit left., The black deposit was thought to be
33N2012 with a surface layer of hydrolysis product. '

Methylene Chloride:- Dissolved partially. Gave an orange/red solution.
Evaporation of solvent and cooling gave a deep yellow precipitéte in
small yield. Evaporatioln of all (31*12012 left a dark-brown solid which on
standing turned orange/brown. On initial dissolu;bion and filtration
small green crystals were left on the side of the flask., This may have
been 831\12(7125 * o S)oth(‘
Tetréhxgrofuran:- S:.'.l\T‘?Cl2 dissolved paﬁrtially to give a deep red |

solution and left a black solid. Evaporation of the T.H.F. to half

volume and cooling gave a fairly large pr‘e_cipitate, which unfortunately “)(
was very soluble and on warming to room temperature had dissolved again,
Purther evaporation and cooling formed a yellow solution which gavé a

mixed yellow and brown precipitate. On standing the filtered solution
turned dark green, and when cooled a dark orange/brown precipitate

formed. The Infra red spectrum of this prodﬁct showed it to be a

possible sﬁlphur-nih‘o’geﬁ compound., All details of this spectrum are

given in the spectroscopic section.
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Benzene:~ Partial dissolution occurred, but on warming to the boiling
point of benzene some decomposition occurred. However, dry benzene has
proved to be of some use up to about 60°C,

Monoglyme: - S-31‘12(11‘.2 dissolved partially in fresh dry monoglyme to give a
green/yellow solution. In order to filter the solution, the receiving
vessel was immersed in liquid nitrogen. On liquifying the filtrate it
‘was founc'i to be a red/brown c.olour. Evaporation, cooling and filtration
left a small quantity of dark-brown solid.

Thionyl Chloride:- Slight dissolution occurred to form an orange/red
golution. Filtration and immediate evaporation left an orange solid
which either liquified at room temperature or dissolved in absorbed
thionyl chloride. If the solution were allowed to stand an orange preci- ‘
pitate formed. This proved to be S 4N3C193 - Su:’“'*u
Pyridine:- SBNZ.CJ'Z appesred to react with pyridine and formed a dark

brown solutioh. On evaporation and consequent cooling, needle crystals
formed., However, these were very soluble and on reaching room temperature,
had dissolved once more. .Total evaporation left a dark brown solid the

I.R. of which showed the possibility of the formation of a pyridine

complex,

Carbon Disulphide:- Partial dissolution occurred. On filtration the
solution was red, Total evaporation left a rust coloured solid. The

I.R. of this solid indicated almost certainly that it was impure S 4N 4 S\t@\t/

Formic Acid:- SBN2012 dissolved in dry formic acid (distilled over copper

i e 2

su:lph:at’t,e'.')94 with evolution of a gas. The reaction proceeded at a steady
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rate, and SANA was identified as oﬁe product. ' S%bégm
Dimethyl Sﬁlghoxide:- When D.M.S. was added to SBNzcl2 a violent exothermic
reaction occurred to form a red solution, which gradually turned yellow

and formed a yellow coiloidal substance. Vapours of methyl thiol were
given off. The I.R. of both thé impure liquid and colloid showed the
presence of possible S-N and S=N bonds.

Since recrystallisation had proved of no help_in purifying-SBNzclz,.
an attempt wés made to sublime the compound. 4n iﬁit;al attempt was made
at approximately 16'2 mn. and at room femperature subiiming onto a liquid
nitrogen cold finger. The sublimate was of low yield and of § yellow
colour. This was thought to be sulphur, but on exposure to air the
sublimate became brown. A second attempt was made under similar conditioms
but at 50-6000; an orenge/yellow sublimate formed in low yield, insuffic-
jent for an I.R. nujol mull spectrum.

Under high vacuum and at room temperature over a period of'L hours,

e small yield of a white/yellow sublimate formed. Jolly?> has reported
that at 80-95°G under vacuum SBN2012 formg S3N2°1 which apparently is a
green/black colour. However, when S,N,Cl, was heated at 80-95°C under
high vacuum, subliming onto a liquid nitrogen cold finger, the initial
deposit was a green/yellow colour but on increasing in volume this
appeared as a dark orange/brown. An identical experiment, using a water

cooled cold finger, left a green deposit'and deeper red to brown sublimate.

Spectral data on the sublimates are given in the spectroscopic section.
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The chlorine atoms of SBN2012 appedared to be particularly labile
and so an attempt was made to form compounds of the following types:

(1) SBNZXZ vhere X is some group substituted for the chldrine atoms

in a condensation reaction with subsequent elimination of a
smell molecule such as HC1l, LiCl or MgBrCl.

(ii) complexes with probably an SBN§+ cation.

Experimentsl observations in the attempts to form compounds of
these classes are given under the headings of the reagents used.

| " Class (i) .

Diphenylamine:- (D.P.A.) S3N2°12 was.dissolved in benzene and the solu-
tion was filtered. To this solu%ion was added a solution of D.P.A, in
benzene. T?e orange solution turned initially purple and then dark brown.
The solvent was evaporated, and a mixture of small gréen and black
particles formed. The I.R. spectrum was somewhat obscure but indicated
a monosubstituted aromatic coﬁpound with peaks which could be assigned to
S-N and S=N vibrational frequenciles.,
Trichlorophenol:~ (T.C.P.) A small quantity of T.C.P. was melted '
(67°C) and to this was added SN,Cl,. The colourless liquid turned deep
red and then black, Ain acidic gas was given off,

The reaction was repeated with recrystallised T.C.P. dissolved in

ether, The solutien of T.C.P., and dissolved S.N Cl2 in ether was refluxed

32
for four hours, until there was no further evolution of acidic wvapours.

The solution was partially evaporated, cooled in an acetone/Cardice bath
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and then filtered."Orange erystals formed mixed with a yellow deposit.
I.R. séectra were done on crysfals, yellow deposit, an& pure T,C.P. _
The orange crystals proved to be impure T.C.P., but the yellow deposit.
had absorptions corresponding to T.C.P. plus others which were in suit-
able regions for S-N and S=N vibrational modes., However, these extra -

| absorptions correspond exactly to those in SLNA' Hence it would appear
that the yellow deposit may have been S 4N, conteminated with T.C.P.
Phenyl ILithium:- Phenyl Lithium was prepared as directed by Adams and
Raynor95f An ether solution of S3N,Cl, under nitrogen was stirred

gently while Phli was added slowly. A vigorous re;ction ensued, and
only sufficient Phli was added such that 83'N2012 was in slight excess.
The brown solution was filtered and the ether evaporated to leave an
orange brown oil, with finely divided particles throughout. When no more
éther could be removed, dry absolute Ethanol was added to the liquid.,-
(This_was an attempt to separate S3N2Ph213). An exothermic reaction

- ensued and the solution twrned a purple colour, with a brown deposit, now
as a solid. Filtration, evaporation>and cooling of the solution gave an
orange/brown solid, the I.R. spectrum of which indicated an O-H bond, but
no other features of ethanol, and a monosubstituted arématic system, plus
several sﬁall.péaks. A portion of the alcoholic solution was taken to
which was added a few drops of water. A grey precipitate formed, the
I.R. spectrum :of which was singulgfly uninformative, but was very similar
to thﬁt just mentioned only with a much weeker O-H bond. The remaining

solution was yellow and had a dark oil dispersed throughout. On standing



- 28 -

the oil collected below the aqueous alcoholic layer, which was removed.
The spectrum of the dry oil showed that O-H bonds were sbsent, and that
the system contained pﬁenyl groups and poséibly sulphur-nitrogen bonds.
The alcéoholic solution above was centrifuged and the alcoholiec
layer was removed, leaving.(on further evaporation of residual alcohol):
an orange viscous liquid. The I.R. of this liquid indicated that alechol
was present with some aromatic system, but it was doubtful if any sulphur-
nitrogen bonds were in evidence. Since the orange liquid conﬁained

2mm. and gently heated.

alcohol, it was subjected to a vacuum of 10~
This gave two products - a colourless oil and a white solid. The I.R.
spectrum of the oil proved to be virtually identical to that of the oil
from the aqueous extract, except that the slight indiecations of sulphur-
nitrogen bonds were absent. On the other hand, the I;R. spectrum of the.
white solid indicated the presence of an O-H bond, an aromatic system and
a definite possibility of sulphur-nitrogen bonds. This was later shown
to be false by comparison with Ph283N2 from SANA' Evaporation of the
remaining alcoholic solution gave a viscous suspension of an orange and
dark purple solid. The contact liquid I.R. spectrum of this suspension
was the same as the spectrum for.the orange liquid mentioned abové.

In an attempt to clarify the above jumble of facts a series of small
experiments were carried out.‘ The various operations and observations

are given on the following page. It should be understood that PhLi is a

solution of phenyl lithium in ether.
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(Dry)EOH + Sq.CL, 2298 TOMR- ye)10u solution
Warmed

EtOH + 83N2012 =22 Orange solution (A)
. Vieiou
Excess EtOH + Phli m LiOEt + C H, (B)

Solution (A) + Solution (B) —>purple soluticn
Solution (A) + (Dry) Benzene —3white precipitate (C)

+ orange/yellow solution (D)
Solution (B) + solid (C) —3=no reaction and solution colourless
Excess PhLi + solid (G) —>no reaction
Solution (D) + PhLi —>purple solution
Solution (A) + Ether —> no change
Solution (4) + LiOEt —s>purple solution (G) + white solid (E)

~ + dark solid (F)

The I.R. spectrum of solid (C) indicated the possibility of sulphur-
nitrogen bonds and sulphur-oxygeh bonds. Solid (E) and solid (C) are
differént according to the I.R. spectrum of each substance, and both are’
different from LiOEt. In fact (C), (E) and (F) are all different and
each one has charactez;isti‘.c absorptions which could be assigned to
sulphur-nitrogen bonds. _ ‘

A further attempt was made and it was noticed that with very little
Phli (i.e. a few drops) the solution was green, but on adding more PhlLi
it became the familiar brown colour. The ethereal solution was refluxed
for several hours and PhLi was added until no further reaction took place.
The s'olut.ion was then evaporated to dryness and the solid mess remaining

was placed in the thimble of a soxlet extractor. Ether was used as the
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solvent, and when no further extraction seemed likely the solution was
allowed to cool, whereupon a light brown precipitate formed. An attempt
was made to recrystallise this product from ether. The I.R. spectrum
showed that the compound was almost certainly S AN Py although the mass
spectrum of the compound did not have an identical pattern to that of
SAN 4 There are differences in the I.R. spectra, namely in the shape of

the peaks in the 18-20 /u region, but originally this was put down to the

specimen being impure S 4I\I 4 Hence there is a possiblility that the light
brown precipitate may be S31\l2 formed as shown ‘;’

2PBIA + SN,Cl,—>Fh-Ph + 2LiCl + gf_sjg

Isopropanol:- Isopropanol was added to 53NZCJ'2 and the solution was
refluxed until the evolution of HC1l ceased. On cooling a buff coloured
solid was precipifated. Warming the solution and filtering gave two
precipitates » one fine yél'l.ow needle-like crystals, the other the buff
coloured solid already mentioned. The yellow crystals proved to be almost
certainly S 4N 4 with isopropanol ‘l;rapped inside the cryst.a.lg; while an
analysis on the recrystallised buff coloured solid gave C 7.82%, H 6.18%
and Cl 45.8%. Furthermore, a qualitative analysis showed nitrogen to be
absent and sulphur to be present in the compound. A mass spectrum of
the compound confirmed this fact. |

In a second attempt at this reaction the SBN2012 isopropancl mixture
was constantly stirred for an hour under nitrogen, while the reaction

vessel was immersed in an ice bath. The SBNZC]? did not dissolve
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immediately, although a precipitate of apparently different composition
formed continuously. The solﬁtion w.a.s an opaque orange colour, At the
end of one hour the ice bath was removed and the solution was stirred for
several hours until no further evolution of HCl was evident., By this
time a dark brown deposit had formed and the solution was a transparent
pale orange colour. The solid was tested for stability to air, but the
I.R.' spectrum indicated an ammonium salt. It was found that the brown
solid eventually (2-3 days) turned orange. Evaporation of the solution
precipitated a yellow solid which gave an I.R, spectrum indicating the
possibility of sulphur-nitrogen bonds. However, the yellow_solid was air
sengitive and turned ora#ge on standing, to give the same 'ammonium!
spectrum mentioned above.

Benzyl Alcohols:- S31\12C}12 under N2 was: stirred in benzyl alcohol. Hydrogen
chloride was liberated, and the solution was red in colour. No heat was
applied although the reaction was reasonably spontaneous and exothermic.
On cooling an orange/yellow deposit formed and was filtered off. There
were also some crystals but these were too small to separate. The I.R.
spectrum of the yellow deposit showed no peaks due to an aromatic system
and at no‘place did it bear any resemblance to benzyl alcohol. However,

it did contain pesks characteristic of S plus some broad peaks at

24
7.15/11, 8.55/u, 10.50/u and 16.40/11. Shaking the yellow solid with
benzene gave a white plastic pliable material and an orange solution,
The spectrum of this material showed that the S 4N 4 peaks had now disapp-

eared and the only ones remaining were those indicated above,
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Hydrogen Sulphide:- 831\12012 was added to ether saturated with dry HZS'
Initially the solution was yellow but after refluxing and further bubbling -

of H,S through the solution it gradually changed to orange. HCl was given

2
off during the reaction. A small quantity of dark solid remained in the
flask at the end of the reaction, and this proved to be SBNzcl. The solid
was filtered off and the solution was then partially evaporated until an
orange precipitate began to form. The I.R. spectrum of this precipitate
was very obscure, but it definitely was not S 4I\T 40 Small peaks at 7.92 /s
8.65 11, 9.22 1, 9.82 4, 10.28 ;1, 11.20 u1, 12.50 ;u end 13.88 1 vere present
in the spectrum. Whether these frequencies have any significance remains
in doubt. |

Chloroform: - Finély ground SBNé012 was refluxed for several hours with dry
;hloroform until the -evolution of acidic gases had ceased. The solution
was deep orange, Evaporation to dryness left a semi solid, the contact
liquid I.R. spectrum of which showed the presence of possible sulphur-
nitrogen .bond.s. Addition of pure dry chloroform to the semi solid, and
cooling gave orange crystals of m.p. 187°%. ~The I.R., spectrum of these

crystals showed them to be S Benzene was then added to the solid

A _ . .
left after total evaporation of the chloroform. The solution became - ¢ % c%
orange bﬁt left a white solid. I.R. spectroscopy of this solid showed ) '
that there was still some S 4N 4 present, and that the reﬁahhg vibrational ]
frequencies were between 5-10 /u.

S 4N 4‘was obtained as a relatively pure product from the chloroform

reaction, and it was this_that prompted the examination of spectra of
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earlier products, for peaks characteristic of SN 4 4 As has been seen
ev:.dence for this fact' . in several reactions, S 4N 4, ey have been a
hydrolysis product, but on the other hand, the conditions of the reaction
may have been too drastic and could have broken up the intermediate
molecule to form S I+N 4 The fact that lower temperatures of reaction
produced healthier coloured solutions, rather than the usual dark brown
solution, supported this reasoning., The slow evolution of-HCI in the
reactions would suggest that 83}12012 was not as reactive as one might |
expect. This immedlately raised queries with regard to the structure of
S3N2012. In a further exéeriment 531\12(}1:2 was ground to a fine powder in
chloroform under nitrogen. The solution turned yellow and on refluxing
graduslly became deep brown. HCl gas was evolved and an orange/brown
solid formed. This proved to be largely S 4N301. When 33N2012 was ground
in chloroform under nitrogen ‘and allowed to stand for 2-3 days, at Toom
.temperature, the colour of the solution turned gradually from pale yellow
to orange/red. The soli.d remaining and the residue from the solution :J
were shown to be identical. Infra red spectra showed that the principal ()

product was S Nzcl, but that some SBNzCl2 and S N,Cl were also present,

3 4 3
Dmetgzlformamide:- (D.M.F,) 831\12612 was ground, under nitrogen, in

D.M.F. and the solution was allowed to stand for several days. The solu-
tion was filtered, partially evaporated (without heating) and then cooled.

Irregular crystals formed, and these proved to be a mixture of S ANBGl and

S

31\1201



-3 -

Phenyl Magnesium Bromide:- prepared as in Mann & Saundersgé'

The reaction of FhMgBr with-SBN2012 was done in conjunction with the-
reaction of SAN4 and Gfignard reagents, No attempt was made to isolate any
products, only observations were made with regard to colour changes.

_ On adding PhMgBr in ether to a benzene solution of SBN2012 the solution
turned dark red (c.f. 8434 reaction), If excess of PhMgBr were added, the
red colour disappeared to leave a pale yellow/khaki solution. When this
13

solution was poured into an ice/dilute acetic acid mixture ”, the benzene
layer turned dark 5rown. As will be seen later these‘observaﬁions are on
a paraliel with those in the analogous SANA reaction, There are obviously
two separate reactions taking placé. These are:
1. the fofmation of some ;complex' which has a deep red colour in
benzene
2. a reaction between this 'complex' and further PhMgBr forming
some product which is pale yellow to colourléss in benzene.
Class (ii)
Stannic Chloride:~- The reactants were diséolved in toluene, and the two
solutions mixed, A black solution formed and it was refluxed for some
four houré. Partial evaporation and cooling gave a black precipitate.

L

The I.R. spectrum of this solid showed no toluene, no S,N,, but peaks %%?
which could be assigned to S=N, S-N and S-S vibrational frequencies.

These showed a marked similarity to frequencies found in S Cl, although

'3
there was not an exact correspondence.

On further evaporation to dryness, a black oil remained, A contact
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liquid spectrum of this oil showed toluene peaks but the aromatic ring
modes of vibration (13 /u-ls /u) were not those of a monosubstituted

aromatic system.



T

Preperation of Thiodithiazyldiphenyl _
The procedure adopted for this preparation was that given by w913313’

and the agthors of reference 32, Since these reports were very brief,
certain facts had to be ascertained. These were:

1. the manner in which the reagents should be mixed

2. - the optimum temperature of the reaction

3. the ratio of the Grignard reagent to S N

4e the length of time which should be allowed before adding the

acid solution t6 the benzene.
| Several attempts were made to prepare S3N,Ph,, end in order to
clarify the spectroscopic data recorded iﬁ the later section, the experi-

ments are numbered in the order in which they were carried out, Initially
a few small scale reactions were done as observational exercises, rather
than preparative ones. |

Pﬁenyl Magnesium Bromide was prepared as directed'by Mann and

96.

Saunders
Experiment 1.

PhMgBr in ether was added to a solution of SANA in benzene. The
solution turned deep red, but with excess.?hMgBr, a khaki colour developed
(c.f.‘PhMgBr/83§2012). When the process was repeated using PhMgBr:S,N, =
2:1, an orange ﬁrecipitate came out of the red solution. This solid
provéd to be air sensitive turning éark brown on exposure to air, The red
solution was shaken with dilute hydrochloric acid32’ and the dark red

benzene layer was then removed, dried, and evaporated to dryness., The I.R.
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spectrum of this residue indicated that it was diphenyl disulphide.

Experiment 2,
s 4I\I 4 (0.3gm.) was dissolved in a litre of hot benzene., This solu-
tion was added to an equivalent amount of PhMgBr in ether to form
Ph,S,N,. The solution turned red/orange and a fine deposit formed as
above. Immediately ice/diluté acetic acid mixture was added and shaken
with the bulk solution. The benzene layer was removed and dried over
anhydrous sodium sulphate. Haviﬁg filtered off the drying agent the
benzene was evaporated at the water pump to approximately 10-20mls.
Crystals formed on standing, were filtered and had a melting point of

179°C. As was suspected, the I.R. spectrum showed the crystals to be

SAN4'
Experiment 3,

In a repeat of the above experiment lgm. of recrystallised S 4N 4

was dissolved in 150mls. of benzehée at approximately 60°C. The equivalent
amount of PhMgBr in ether was added to the solution and thg mixture was
allowed to stand for 30 minutes. An orange precipitate formed immediately.
After 30 m'inut_es the solution was poured onto an ‘ice/dilute acetic acid
slurry and the benzene layer turned black instantly. The aqueous layer
was removed and the benzene then dried over sodium sulphate and evaporated
to about quarter volume at the water pump. From this solution golden
needle crystals formed. A second fraction was obtained on evaporating
the solution still further. The overall impure yield wes 0.7gms. but

%he I.R. spectrum of both samples showed the crystals to be unreacted SN

4 4
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The black solution was evaporated to dryness, and dry absolute alcohol
was added to the residue. Not all the residue dissolved, but on warming
the alcoholic solution, filtering and evaporating, _some golden brown
crystals formed. The crude yield was 0.3gm. and :Ehe substance had a
melting point of 87°C-91°C, Recrystallisation from absolute alcohol gave
a m.ﬁ. of 97°C. I.R. spectroscopy showed that this product could well be
that reported by Weiss™ and the authors of .32.
The fact that only a small yield had been obtained suggested that
a) the reaction time may havé been too short
and/or
b) the temperature of reaction may have been too high.
Experiment 4.
S AN 4 (0.8gm. ) in 16Cmls. dry benzene at room temperature, was reacted
with an equivalent amount of Grignard reagént in ether. On syringing the

Grignard into the S solution the latter turned deep red, but by the

4
time all the Grignard had been added the solution was orange with the
precipit_ate formed as before. The mixture was allowed to stand some
twenty hours, and was then poured onto the ice/acetic acid slurry. The
benzene layér was now a deep ruby red and was treated in an analogous
manner to that in earlier experiments, Partial evaporation amd cooling
gave no S 4N 4 deposit, so eventually the solution was evaporated to drymess
and absolute alcohol was added to the résidue. Warming and then cooling
the alcoholic solution gave a rust coloured precipitate in 0.5gm. yield

and m.p. 47-50°C. Recrystallisation from alcohol gave a melting point
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of 86~87°C with decomposition and charring. The alcohol was totally
evaporated to leave a deep red semi solid, which contained mainly
diphenyl disulphide. Analysis figures for the crystalline producﬁ

m.p. 86-87°C were C=59.7% and H=4.42%. (Theor. C=51.8%, H=3.60%).
Further recrystallisation gave a product m.p. 9900, the analysis figures
of which were 0=50,4% and H=3.,7%. The I.R. spectrum of the rust coloured
-precipitate showed that it contained no SANA and that it possessed many
of* the characteristics of the spectrum of the golden brown specimen
obtained in the previous experiment., The few differences in the spectra
" indicated that (2) neither sample contained the other as impurity or (b)
neither were pure samples and thus not all of the absorption frequencies
were characteristic of the major components.

Experiment 5,

SAN4 (0.5gm.) was dissolved in 80ml. of dry benzene and an equi-
valent amount of PhMgBr was syringed into this solution against a current
of dry nitrogen. A precipitate formed immediately., The solution was
allowed to stand for 30 minutes and then poured into dilute cold acetic
acid. Removal of the black benzene layer, drying the benzene and gradually
evaporating the solution, showed no sign of any precipitation of SANA'

Wheﬁ only a semi solid residue remained, dry absolute alcohol was added,
warmed and then cooled, Golden brown crystals formea Mm.D. 89-9100, and
were recrystallised from alcohol to give a product m.p. 102°% * 0.5°C.

There was also a product in the first precipitation which was insoluble

in slcohol,
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13 reported fhat the Ph2st2 was golden brown and had

Weiss et., al.
- -a melting point of 105°G. Nonetheless the specimen was te.kgn for a
carbon hydrogen analysis which gave 0=51.9%, H=3.99%, whereas the calcul-
ated valﬁes for (C6H5)283N2 are 0=51.8% and H=3.60%. |
Experiment 6,

‘ S P 4 (4.2gms.) in dry benzene and excess PhMgBr, (greater than ratio
PhMgBr:S AN 4 = 2:1) was added to the solution. Precipitate formed in the
normal manner, but on addition of excess Grigné.rd reagent, the precipitate
dissolved back into thé solution, The latter was then poured into a 5%
acetic acid/Ice mixture, shaken until the ice had melted, and then allowed
to stand, The dark red benzene layer was separated from the aqueous
la&er, dried with Na250 4 and then evaporated to dryness. Alcohol was
added to the remaining brown semi solid, and caused a dark brown solid to
be precipiteted. This was filtered and divided into two fractions (a)
and (b).

(a) was dissolved in petrol ether, forming a brown solution.
Cooling caused the precipit#tion of an orange product, the I.R.
spectrum of which showed it to be SBN2Ph2 with some diphenyl
-disulphide.

. (b) was sublimed onto a .1iquid nitrogen cold finger, to form an
orange/yellow sublimate. This was shown to be diphenyl
disulphide.

Evidence from all these experiments suggested that the main impurities

were diphenyl disulphide and S 4N 4 It therefore seemed desirable to remove
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both of these constituents before attemﬁting to recrystallise the
Sszth. The techniques -employed to affect this separation were (1)
chromatographic and (2) fractional sublimation.

(1) Studies on the chromatographic purification of S3N2Ph2 were
done initially by dissolving the brown residue, from the alcoholic solution,
in benzene, and then eluting this solution aown an alumina acid Woelm
Grade I‘column. The initial brown layer separated almost immediately into
several separate bands, After a period of half an hour the colour of
each band, descending the column was, light brown, black, green, rust,
. purple and pale yellow. Unfortﬁnately the retention time for this system
was too long to be of practical use, and it was felt that the presence of
the various coloured bands was due to decomposition on the column.
Consequently the next coluﬁn tried was one of neutral alumina, Woelm Grade
IV. The eluent-in this case was petrol ether, and separation 6ccurred
into five bands, the colours of which in descending order were, rust,
light brown, yellow/green, orange and pink, Twenty two separate fractions
were taken and the U,V, ébsorption spectra for each fraction recorded.
Those fractions which showed different absorption spectra were efaporated
to dryness and the I.R. spectra of the residues recorded. No evidence of
SBNZPh2 wag found, and thu; it was concluded that 33N2Ph2 must dissociate
into smaller fragments while passing down the column. In a further
experiment the brown residue from the alecoholic solution was dissolved

in benzene and eluted with the same solvent down a neutral alumina, Woelm

Grade III column. . In this case two main bands were obtained; the first a
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dark brown colour which remained stationary (probably containing polymeric
materials), and the second an orange band which was shown from the I.R.
spectrum, 6n eluting and evaporating, to be largely dipheﬂyl disulphide.
(2) A small sample of the residue from the alcoholic solution was
~sublimed at 80°C onto a water cooled cold finger. The I.R. spectrum of
the sublimate and of the residue showed that both of the samples were
diphenyl disulphide. ‘ |
Experiment 7, |

Providing that the ratio of SAﬁ4zPhMgBr was less than or equal to
1:2, an orange/brown precipitate formed on adding the Grignard reagent

to the benzene solution of 8434. In an attempt to find the importance of
the role played by this precipitate, it was decided to separate the solid
from the mother liquer, and then to add the acid solution to the benzene
and the precipitate separately, extracting any soluble products from the
decomposed solid in fresh benzene.

The above procedure was carried out in a three armed schlenk (fig. 2)
under an athosPheré of nitrogen. The Grignard reagent was syringed into
the S4N4 benzene solution éontained in (A) and the fine precipitate which
formed was filtered on the sinter into (B), and finally filtered again
into (C)., The benzene solution was then poured into a 5% acid solution,
shaken, separated, dried over magnesium sulphate and evaporated to leave
an orange solid, This proved to be SANA'

The solid in arms (A) and (B) of the schlenk was shaken with benzene

and then washed into a 5% acid solution, The thin deposit left on the side
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of the flask turned green/yellow. Treatment of the benzene layer in the
usual manner, adding alcohol to the residue left on evaporation of the
benzene, and cooling the resulting solution, gave some dark brown crystals.
By the I.R. spectrum these were shown to be a mixture of S4N4 and SBN2Ph2'
Sublimation of this sample at 10006 onto a water cooled cold finger, gave
a brown sublimate which had a similar I.R. spectrum to the original
crystals., There were, however, some differences in the relative intensi-
ties of the absorption peaks. Furthermore, it was noted that on exposure
to air the sublimate turned orange/yellow, and the I.R. spectrum of tﬁis
sample, though similar to the original sublimate, showed differences once
more in the relative intensities of the sbsorption bands. Sublimation of
a further sample at 84%¢c + 0.5% gave a yellowlsublimate;of'principally
S,N, with a little S,N.Ph,. The I.R. spectrum of the residue showed no
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and had all the characteristics of S;N,Fh,. The sample had

sign of S Eal

A
a melting point of 101% + 1°C.
Experiment 8,

SA_N4 (10gm. ) was dissolved in a litre of benzene1 64.3mls. of
1.68M Grignard reagent (standardised withho;ndHcl, using bromocresol green
as an indicator) were syringed into the beniene solution. The solution
was allowed to stand for an hour before an ice cold solution of 5% acetic
acid was added. The.benzene layer turned black, and was separated from
the aqueous layer, dried and then evaporated to a black oil. Petrol ether
(40°-60°) was then added to the oil, warmed, filtered and cooled. The

remaining insoluble solid was shown to contain some SANA' The petrol ether
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soltition was cooled to give crystals which were shown to be SBN2Ph2 with
some S AN L Evaporation and cooling of the same solution gave two products:

one, crystalline and almost colourless, the other dark brown. The I.R.
gpectrum of the colourless leaflet crystals showed similarities to PhZSZ

and 33N2ph2’ but did not contain 4I\T 4.. Since the crystels were colourless,

101.
4S 41\1 4 and/or Ph S,).I‘I3

dark deposit was shown to contain.characteristies of the colourless

it was thought that they may bave been Fh The
crystals and SBN2P°2‘ Evaporation of the petrol ether to dryness left a
black semi solid, the contact spectrum of which indicated that it contained
the same constituents as the dark brown deposit. Since Fh 4S 4N A and
PhBSSNB had been separated by chromatographic techniques101’ an attempt
was made to repeat this procedure by dissolving the black semi solid in
petrol ether and eluting the solution down a neutral alumina, Woelm Grade
III-IV column. The spectrum of the bonds in descending order was; green/
jenow, colourless, mauve, colourless, orange, colourless and mauve,
Extraction of the coloured fractions gave three solutions coloured orange,
msuve and green/yellow. On standing the mauve solution became colourless.
I.R. spectra on the residues from these solutions showed that the deposit
'ffom the orange and yellow solutions weré identical, while that from the
colourless solution was 1=‘h2 e -
Experiment 9,

Experiment 8 was repeated, the only variation being that absolute
alcohol was used as the reerystallising solvent. Recryétallisation in

aleohol for four times gave a 2.8gm. yield of golden brown leaves
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m.p. 95°C (analysis figures C=20.4%, H=1.57%). This product was dissolved
in hot alcohol, filtered and recrystalliéed twice more, to give a golden
_brown product m.p. 101°C (anelysis figures C=44.9%, H=3.16%). A further
recrystallisation from hot aleohol gave a similar product m.p. 101°%
(analysis figures C=45.8%, H=3.35%). On each occasion the deposit left
on filtration of the hot alcohol was SANA’ and therefore it was thought
probable that on heating in alcohol Eh233N2 may have decomposed to give
some SANA. Consequently some of the latest recryétallisaticn product was
dissolved in aleohol at room temperature, filtered and then cooled in an
acetone/ice bath. Gélden leaflet crystals formed m.p. 97°-98°C (analysis
figures €=51.9%, H=3.59%). A further sample of the same recrystallisation
product was dissolved in alcohol at room temperature, filtered and then
.allgwed to stand in the refrigerator for several days. Brown/rust needle
crystals formed,

Experiment 16 ,I

In further preparations of S4N,Ph, either or both of the following
techniques were uséd. Each preparation was done starting with 10gm. of
SANL’ and the initial impure product was obtained in an average yield of
5gm. From this about 3gm. of pure product was obtained.

The procedure adopted was to dissolve S,N, (10gm.) in sodium dried
benzene (approx. 650ml.) to form an almost saturated solution at room
temperature. Preparation of the. Grignard reagent was done in the usual
‘ manner96’ and the standardisation carried out as indicated in Experiment 8.

Both reagents were kept under an atmosphere of dry nitrogen, and a counter
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current of the latter was employed during the transfer of the Grignard
reagent to the SANA gsolution. The quantities used Vere such that the
ratio PhM'gBr:SAN4 = 2:1, On addition of the Grignard reagent, and sub-
sequent formation of the brown solid, a period of at least an hour was
allowed to lapse, before adding the 5% ice cold acetic acid solution
(about_250m1.). The mixture was thoroughly shaken and then allowed to
stand so that the separation of the aqueous and benzene layers could occur,
Removal of the benzene layer, and the evaporation of the benzene (usually
done on a rotary evaporator) left a black oil. Addition of absolute
aleohol to this 611 often caused the immediate precipitation of a golden
brown leaflet crystalline solid. In the event of this not occurring,
cooling of the alcoholic solution was sufficient to cause the precipitation.
The solid was filtered, dissolved in fresh alcohol at room temperature,
»and then either:

a) chilled in an acetone slush bath, or

b) allowed to stand in the refrigerator at about -10°C for a few

days.

Using method (a) the gold product formed rapidly, and if on the
initial precipitation of the product, the solution was filtered, any
remaining SAN4‘could be removed, and the pure product obtained by-chiliing
the solution again,

If method (b) had been employed, a rust/brown product in the form of
crystalline needles was obtained, Analysis of one such product gave

S=34.02%, N=10.59%, C=52.3%, H=3.59% and.a m.p. of 103.5°C.

. €: 5164
Theoretical S=34.55%, N=10,06%, C=51,76%, H.3.62%. . H: 3.620
S 3¢-54%

N 10-06d
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Reactions of Thiodithiazyldiphenyl

Sulphur and nitrogen donor complexes are well known' 257+ It has

been pointed out in the introduction, that Ahrland, Chatt and DaviesS’

divide the acceptor elements into three categories. Elements within class
(a) should have a preference for nitrogen donors; those in class (b) a
preference for sulphur donors; while class (c) elements should form
complexes through either or both of these donor atoms. Several attempts
were made to form complexes, and the experimental details are given under

each reagent, within the class as defined by Ahrland, Chatt and Davies.
Class (a)

Titanium Tetrachloride:- Initial tests with this reagent showed a rather
strange phenomenon. At the time thé experiment was carried out, a solution
of SBNéth-in‘ benzene was available. To this was added a saturated
solution of TiCl 4 in carbgn tetrachloride, and immediately a blood red
solution formed. However, when the solvent was benzene or cyclohexane for'
both reagents, no colour change was observed. Furthermore, if SBNZPhZ was
dissolved in cyclohexane and to this was added some of the carbon tetra-
chlgr-ide golution of TiCl 42 Bo colour change was observed again, In the
event of carbon tetrachloride beir;g used as the common solvent the blood
red solution formed. It was decided to try to study this reaction by
recording the visible absorption spectrum of several solutions of SBN2Ph2
and TiCl " each solution having a different ratio of one reagent to the |

102,

other In this way it was hoped to determine the ratio:.of S,N,Ph. to

372772
TiCl 4 in the complex. The solvent used was carbon tetrachloride (dried
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over P205), in which even dilute solutions of. SBN?_Ph2 gave fairly intenee
colours. Consequently the concentrations of reagents used were in the
region 2 x 10'2 molar., On ﬁ:ixing the -two solutions no colour change
ocecurred. ‘ ‘_I‘he-_ I.RT spectrum of the sample of SBN2Ph2 being used showed
the presence of a small amount of Ph232. Thus, when using larger concen-
trations of reagent, the blood red colour may have been due to a complex
with the Ph282 impurity. Tests with pure Ph232 showed that a red colour
was formed, but that the intensity of the colour was by no means the same
as the blood red colour observed previously, irrespective of the ratio of
Ph.S, to TiCl,. Assuming that some hydrolysis of the TiCl, ocourred, there

272 4
was a chance that 83N2Ph2 could have been protonated. Bubbling HC1l gas
iﬁto a carbon tetrachloride solution of SBNZPhIZ showed that the ‘red/orange
colour was bieached. '
As hag already been seen, three different .coloured forms of SBNZPh2

hsve been shown to exist; namely gold leaflets, orange leaflets and rust
brown needles. It will be notéd later in the re_actibn of 83sz2 (gold)
with Fe(co)s, that the orange form was obtained once more. This sample
and a gold sample of 83N2m2 m.p. 103°%C were used as 2 x 10'2 molar
solutions in benzene and carbon tetrachloride to react with a 2 x 10"2
molar solution of TiCl 4 in carbon tetrachloride. Details of these experi-
ments are summarised in Table 5. The yellow precipitate mentioned formed
immediately wi-th the 831\121’h2 m.p, 103°C, whereas 1ts formation was much

slower with the sample m.p. 95°C.
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' Class (b)

Pallsdium Dibromide:- PdBr2 was found to be virtuglly insoluble in all
common solvents. However, it did dissolve a little in alcohol. To this
solution was added anothér of SBN2-Ph2 in alcohol, and the mixture was
kept heated to about 60°c, On cooling, an orgnge/&ellow precipitate
formed, m.p. 175°C. The I.R. spectrum of this product showed some simi-
larity to S,N,, although the 18.08 u and 18.92 1 pesks vere absent.
Sodium Chloropalladite:- Nadecl4 was dissolved in alcohol, and to this
was added an alcoholic solution of SBNzPhZ. The mixture was allowed %06
stand at room temperature. A fiﬁe whitelprecipitate, which was assumed
£o be sodium chloride, formed gradually over a period of 3~ hours.

The white precipifate was filfered, and the ;olution was then evaporated.:
The product was extremely'soluﬁle in alcohol, but its solubility was
depressed by adding chloroform. From the alcohol/chloroform solution a
brown solid was obtained, but the I.R. spectrum of this sample showed
that phenyl groups were absent.

Class (c

.Iron Pentacarbonyl:- SBN2Ph2 and FE(CO)5, in the ratio 1:1, were dissolved
in chloroform and allowed to stand at room temperature for 4-5 hours.’
No apparent reaction occurred. Hence, the reaction was repeated but the
solution was refluxed for several.hours, Cooling the solution gave a
black precipitate which was filtered, and on subsequent evaporation and
cooling of the solvent, orange leaflet crystals, m.p. 103°C of S.N.Fh

372°72
were obtained. The black solid was thought to be iron sulphide, (addition
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of HC1 gave HZS and thiocyanate gave a positive test for irom), but
on exposure to air over several days it gradually turned yellow. It
was thought that this may have been an iron thionitrosy136‘

A repéat of this experiment, but in an atmosphere_of dry nitrogen,
gave the same black iron compound. When the solution'was evaporated and
cooied, a precipitate formed but this was shown to be diphenyl disulphide.

Cobalt Chloride:- CoCl, was refluxed with freshly distilled thionyl-

2
chloride to remove the water of crystallisafion. An alcoholic solution

of CoCl, was then added to a similar solution of Ph,S)N, in a ratio of
Coc12=Ph233N2 = 1:1, Initielly the solution was green/yellow but on
refluxing for about four hours, it gradually turned dark green. Cooling
and filfration of the solutioﬁ gave a turquoise solid. The I.R. spectrum
of this solid was very dbscure‘and gave no indication of any S-N or

phenyl absorption frequencies. Evaporation .of the solution to dryness
showed the presence of diphenyl disulphide. .

Nickel_Chloride:— N1012 was dried in the same manne;'as the cobalt chloride.

The alcoholic solution of NiCl.,, and S N,Ph, was refluxed, but there was

2 3’2772
no noticeable .colour. change of the red/brown solution. Evaporation and
.cooling-gave an orange/brown material which was shown to be impure
diphenyl disulphide,

The reactions to form metal complexes with S3N2Ph2 were not encour-
aging, although the results only demonstrated the relﬁctance of SBNZPh2
to complex under the stipulated conditions, rafher than the total

inability of SBNZEh2 to form metal complexes,



- 53 -

As will be shown in the Discussion section it was possible that

SBI\TzPh2 formed a complex or complexes with S 41\1 4 with the sulphur atoms of

SBNZPhZ acting as acceptors, Furthermore, it was known that 831\1303(313

103+ p1though the sulphur

state as opposed to the sV and S™T states in

forms complexes with pyridine and isoquincline

. . s VI
in S3N303013 is in the S

SBNZth, it was thought that SBN2ph2 may undergo complex formation with
similar donor molecules. .Gonsequently, the reaction of SBN2Ph2 with
pyridine was attempted.

Pyridine:- Refluxing SBI\IzPh2 and dry pyridine in a ratio of 1:3 in
benzene, gave an orange solid which was shown to be S 4N 4
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Tetragulphur Tetranitfide (8454;
SAN4 used in the preparation of SjNZth was prepared as directed by
Jolly67' However, the method is long and tedious unless a supply of
dry, pure solvents is readily available. Large quantities (lOgm.'fer

experiment) of were used in later preparations of SB‘NzPh2 and

SLNL
consequently attempts were made to prepare SANL on a 30-40gm, scale,
i.e. approximately double scale to that described by J011y67'
It was shown to be uneconomical to prepare 84N4 on this scale,
particularly with respect to the ammonia, Thus, the bubbling time for
the passage of ammonia was approximately trebled rather than doubled,

when 84N4 was prepared on twice the scale described by Jolly.

Dioxane dissolves SANA more readily than benzene. However, the
purification of the former can take several days. It was found that pure
SANA could be extracted in benzene using a Soxhlet extraction apparatus

for about 10 hours (usually overnight), and that pure S,N, crystallised

24
when the benzene was cooled. SANA.was prepared as described below.
8,01, (25ml.) was added to carbon tetrachloride (700ml.), which had

been dried over P205. The solution was contained in a litre three-necked
round bottom flask, which was immersed in an ice bath. One neck of the
flask'was open. The centre neck was aléo open but through it passed the
shaft of an efficient stirrer with a Teflon blade. The third neck held
an inlet tube which was conneéted to a chlorine or ammonia cylinder.

The solution was stirred rapidly and chlorine was bubbled into it

until a distinct-green layer of chlorine was evident above the liquid
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level, A line.was drawn on the flask, level with the liquid, which was
kept topped up és'the reaction ensued on addition of amménia.

Cnce the solution was saturated with chlorine, ammonia was passed
into it. The rate of bubbling the ammonia was fairly fast, but was
controlled such that the white fumes just poured from the neck of the
flask. The fumes disappeared after about 20 minutes, and the solution
gradually became more viscous. Various colour changes occurred during
the reaction - purple, green/grey, brown, orange/yellow and finally
pink/orange. The last stage occurred after 2} to 3 hours.

The solid was filtered from the solution, slurried with 600-700 mls.
of water for 10 minutés, filtered once more, and then allowed to air-dry
for two days, during which time the yelloﬁ solid turned yellow/green.

The solid was then shaken with ether, to remove S7NH, and then
placed in a porous thimble, in a Soxhlet extraction apparatus, using
sodium dried benzene as the extraction solvent. The extraction took
about 10 hours (usually overnight), and on cooling pure SANA erystallised

from the solution.,



SPECTROSCOPIC DATA
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Table 6
\.
Tentative -1
Microns Cm
Assignments
SN 9.86, 10.68 | 1,014, 936.3
S-N 13.9, 14.07 719.4, 710.7
SN 17.32, 18.19 | "577.4, 5.9.7
S=C1 - 19,40 515.4
S-N 21.38, 22.00 467.7, 454.5

.Rg Data 3 2 2
(see FIG, SP.1)
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Table 7
Tentative -1
Mierons Cm
Assipgnment
S=N b 9.87 (m) 10.73 (s) 1,013, 932.0
11.23 (m) , 890.5
S-N 13.35 (w) 13.90 (s) | 749.1, 719.4
, 14.07 (s) 710.7
S-C1 17.32 (s) 17.60 (m) 577.4, 568.2
S=N 21.95 (s) 455.6
S-N approx. 25.00 (m) 400.0

[ ] []
I,R., Spectrum ?f 831\12012
(see FIG. SP.2)
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Table 8
Tentative -1
Microns Cm
Assignment
? 7.09 (m) 1,410
? 7.92 (m) 1,262
? 9.20 (m) 1,087
S=N 9.83 (s) and 10.76 (s) 1,017, 929.3
? 12.52 798.7
S-N 13.9 (m) and 14.08 (s) 719.4, T10.2
S=N 17.30 and 18,10 578.0, 552.4
S-C1°? Peak extends as a plateau 514.1-483.0
from 19.45 to 20.70 (500.0)
" (extropolation gives 20.0) )
SN 22,10 452.5
? 27.9 358. .
? 36.9 271.0
? 42.9 233.1
I.R. Data of SBN2012 Sublimate

(gsee FIG. SP.4)
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jable 9
Tentative -1
. Microns Cm
Assignment

? 7.95 (w) 8.60 (w) 1,259, 1,163
9.84 (w) 10.00 (w) 1,055, 1,000

? 12,50 (w) 800.0
S-N 13.50 (w) 14.00 (s) T40.7, T14.3
14.15 (VS) 14030 (S) 70607’ 699-3
S-=C1 17.22 (s) 17.60 (m) 580.7, 568.2

. S=N 23.30 plateau £29.2

I.R. Dats of S N Cl, Sublimate

(see FIG. SP.5)

T
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Table 10
Tentative -1
Microns Cm
Assignment
? 7.95 (w) 8.60 (w) 1,259, 1,163
9.84 (w) 10.00 (w) 1,055, 1,000
S=N 10.41 (m) 10,61 (s) | 960.6, 942.5
S-N 13.50 (w) 14.00 (s) | 740.7, Ti4e3
14015 (S) 14.30 (S) ) 706-7, 699-3
S-C1 17.20 (m) 17.60 (w) 581.4, 568.2
=N 23.30 plateau £29.2
I.R. Data of .SB_EZCI fron SBE 2 + H2_S_

(see FIG. SP.6c)
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Table lla

Microns

Gm-l

9.40 (W) 9.95 (w) 10.79 (s) 1,064,

13.02 (w) 13.18 (w) 13.75 (m) | 768.0,
14.31 (s) 16,10 (w) 698.8,

18.10 (s) 18.27 (s) 18.93 (m) 552,5,
19.38 (w) 516,0

1,005, 926.8

758.7, 727.3
621.1

547.3, 528.3

§££A from Sgﬂgglz + CHGl3

(see FIG. SP.7a)

Iable 11b

Microns Cn~t
6.12 (m) 7.13 (m) 8,00 (w) 1,634, 1,405, 1,250
8.58 (s) 8.85 (m) 9.98 (vs) 1,166, 1,130, 1,002

| 14.67 (s) 15.62 (w) 16.45 (w) 681.7,
117.70 (s) 19.35 (w) 565.0,
21,40 (s) 22,00 (s) plateaun 467.3,

640.2, 607.9
516.8
45445

 S,N.Cl from S.N,C1

pi + CHC1

===
(see FIG. SP.7b)
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Iable llc
- Compound , -1
Miecrons Cm

Present

SN0, | 9.82 (m) 10.66 (s) 1120 (m) | 1,018, 938.1, 892.9
13.95 (s) 14.08 (s) 17.27 (m) | 716.8, 710.2, 579.0
21.93 (m) 456.0

8,N,C1 10.35 (m) 14.12 (s) 14.28 (m) | 966.2, 708.2, 700,3
17.13 (m) - 583.7

8,N,C1 8.07 (w) 8.58 (w) 9.98 (m) 1,239, 1,166, 1,002
17,68 (w) 21.40 (m) 565.6, 467.3

? 12,45 (w) 13.12 (w) 803.2, 762.2

Product from S.B.Cl. + CHC)_ at Room Temperature

32—"

(see

3_
FIG, SP.7¢)
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Table 12a
Compound Mierons ot
345301 7.13 (8) 8.57 (m) 8.85 (w) 1,403, 1,167, 1,130
- 9,82 (m) 9.98 (s) 14.63 (m) 1,018, 1,002, 683.5
©17.72 (m) 21.58 (m) 564.3, 463.4
22,00 (m) plateau | 454.5
35N201 10.38 (m) 10.57 (s) 13.98 (s) | 963.4, 946.1, 715.3
14.13 (s) 14.31 (s) 17.15 (m) 707.7, 698.8, 583.1
? 6,07 (w) 7.65 (w) 8.12 (m) 1,647, 1,307, 1,231

Product from Reaction of Sﬂzgz and Dimethxlformamide
(see FIG. SP.8a)

Table 12b
Microns Cm T
6.17 (m) 7.14 (s) 7.94 (w) | 1,621, 1,401, 1,259
8.62 (m) 9.63 (w) 9.80 (w) 1,160, 1,038, 1,020

10.00 (m) 11.48 (w) 12.40 (m) | 1,000, 871.1, 806.5
13.34 (w) 13.70 (w) 14.35 (w) | 749.6, 729.9, 696.9
12.79 () 14.92 (m) 16.39 (w) | 676.1, 670.2, 613.5
17.92 (m) 20.80 (m) 21.80 (m) | 558.0, 480.8, 458.7

Product _from 83112@2 + Stannie Chloride

(see FIG. SP.8b)
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Table 13

| .

Tentative 1

Microns Cm

Agsignment '

c-H 3.42 (m) 3.51 (m) 2,924, 2,819

c=C
conjugated 6.10 (m) 6.34 (m) | 1,639, 1,577
Conjugated 6.78 (g) 6.95 (s) 7.15 (w) 1,475, 1,439, 1,399
substituted 7.28 (w) 7.69 (w) 1,374, 1,300
Aromatic C-H | 7.82 (w) 7.92 (w) 8. 43 (w) 1,279, 1,263, 1,179
deformations | 8.52 (w) 9.12 (m) 9.36 (m) 1,174, 1,096, 1,068
+ C-C 9.79 (s) 10.02 (w) 10.15 (w) } 1,021, 998.0, 985.2

S=N 8.82 (s) 9.22 (m) 10.79 (m) 1,134, 1,085, 926.8

? 12.45 (m) 803.2
Honosub. 13.63 (vs) 14.60 (vs) 3.7, 684.9

S-N 14.27 (7s) 15.35 (s) 700..8, 651.5

15.76 (m) 16.38 (m) 63445, 610.5
S=N 18,12 (m) 18.32 (s) | 551.9, 545.9
S<N 20.88 (m) 21.35 (m) 478.9, 468.4

o

I.R. Spectral Data of Golden Crystals m. 7°C

(see FIG. SP.9)
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. Table l'A_a_
Tentative 1
' Mierons" Cm~
Assignment
| ¢H 3.42 (w) 3.51 () 2,924, 2,849
- aromatic * . ) ' ’ s Ko
c=C . 6.09 (w) 6.18 (w).6 34 (m) 1,642, 1,618, 1,577
aromatic e =2 . 904<y Ly s L
Conjugated | 6.79 (s) 6.95 (s) 1,474, 1,439
substitution 7.22 (w) 7,52 (w) 7.71 (w) 1,385, 1,330, 1,297
Aromatic 7.82 (w) 7.92 (w) 8.49 (w) 1,279, 1,263,'1,178
C-H 8.68 (m) 9.34 (m) 9.79 (s) | 1,152, 1,071, 1,021
and 10.04 (m) 10.18 (w) 10.32 (w) | 996.0, 982.3, 969.0
C=C 11,12 (m) 89903 ’
S=N 8.82 (8) 9.22 (m) 1,134, 1,085
> 11.88 (w) 12.45 (w) 8/1.8, 803.2
Aromatic 13.53 (vs) 13.62 (vs) 739.1, 734.2
substitution 14.59 (s) 68%5.4 -
S-N 14.45 (m) 14.25 (m) 15.36 (m) 692,0, 701,8, 651.0
15,78 (m) 16,38 (v) 633.7, 610.1 -
S=N 18.38 (w) 544.1
S-N 21,68 (m) 461.3

I.R. Data of Rust Precipitate m,p. 86-87°C

(see FIG. SP.10a)
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Table 1.b
Tentative - -1
Microns Cin
Assignment
C=C Aromatic | 6.12 (w) 6.34 (m) 1,634, 1,577
Conjugated 6.79 (s) 6.95 (s) 7.10 (w) 1,472, 1,439, 1,408
Substitution 7.22 (w) 7.52 (w) 7.65 (w) 1,385, 1,330, 1,307
Aromatic C-H 7.80 (w) 7.92 (w) 8.49 (w) 1,282, 1,263, 1,178
Deformations | 8.65 (w) 9.10 (w) 9.38 (m) 1,156, 1,099, 1,066
at C-C 9,80 (s) 10.05 (w) 10.18 (w) 1,020, 995.0, 982.3
Aromatic 10.30 (w) 11.13 (s) 970.9, 898.5
S=N 8.83 (s) 9.23 (m) 1,183, 1,083
h
Aromatic 13.63 (vs) 14.59 (vs) 733.7, 685.4
Substitution -
S-N 14.25 (m) 15.35 (s) 15. 76 (m) | 701.7, 651.5, 6345
16.38 (w) 610.5
S=N 18.36 - 544.7
S-N and/or 20,90 478.5
S-S - 21,30 plateau 469.5

(zee FIG, SP.10b)

I.R. Data of Orange Product m.p. 99°C
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Table lic
Tentative A
Microns Cm
Assignment
C-H 3.42 (m) 3.50 (m) 2,924, 2,857
c=C
Aromatic 6.10 (m) 6,32 (m) 1,639, 1,582
Conjugated 6.55 (w) 6.64 (w) 6.78 (s) 1,527, 1,506, 1,475
substitution 6.93 (s) 7.13 (w) 7.22 (w) 1,443, 1,403, 1,385
Aromatic 7.68 (w) 7.80 (w) 7.92 (w) 1,302, 1,282, 1,263
C-H deform- 8,47 (w) 8.60 (w) 9.10 (m) 1,181, 1,163, 1,099
ations at 9.34 (m) 9.79 (s) 10.02 (w) 1,071, 1,021, 998.0
c-C 10,11 (w) 10.27 (w) 11.10 (m) | 989.1, 973.7, 900.9
aromatic :
S=N 8.82 (s) 9.21 (m) 1,134, 1,086
? 12.50 (w) ' 800.0
Monosubstit- .
uted aropatic | 13.61 (vs) 14.57 (s) 734.8, 686.3
S 14.23 (m) 14.92 (W) 15.34 (m) | 702.7, 670.2, 651.9
' 15,73 (m) 16.38 (w) 635.7, 610.5
S=N 18.35 (w) 545.0
S 20.90 (w). 21.23 (w) 478.5, 471.0

(see FIG. SP.10c)

I.R. Data of Golden Crystels m.p, 102°C
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(see FIG, SP.1lc)

Table 15
Tentative -1
Microns Cm
Assignment
C= . .
Cogjugated 6.07 (w) 6.17 (v) 6.32 (m) 1,647, 1,621, 1,582
| Conjugated 6.78 (s) 6.95 (s) 7.15 (w) 1,475, 1,439, 1,399
Substitution | 7.23 (w) 7.62 (w) 1,383, 1,312
Aromatic C-H | 7.82 (w) 7.92 ( ) 8.65 (w) - 1,279, 1,263, 1,183
Deformations } 8.57 (w) 9.33 (n) 9.78 (s) 1,167, 1,072, 1,022
+ C=C 10.02 (w) ll 10 (m) 997.0, 900.9
Aromatiec
S=N 8.81 (s) 9.20 (m) 1,135, 1,087
Monosub-
stituted 13.60 (vs) 14.59 (s) 735.3, 685.4
Aromatic
SN 14,23 (m) 15.35 (m) 15.75 (m) 702.7, 651.5, 63449
16,40 (m)" 609.8
LR, Data of S/N.Ph, Sublimed m.p. 101°%
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Table 16

Microns

Cm-l

6.10 (w) 6.33 (m) 6.78 (s)
6.95 (m) 7.13 (w) 7.25. (w)
7.72 (w) 8.68 (w) 9.32 (m)
9.78 (m) 10.03 (w) 11.10 (w)
13.50 (vs) 13.59 (vs) 14.45 (m)
14.55 (s) 21.17 (m) 21.62 (m)

1,639,

1,439,

1,295,
1,022,
740.7,
687.3,

1,580, 1,475
1,403, 1,379
1,152, 1,073
997.0, 900.9
735.8, 692.0
72,4, 162.5

Fh,S, from Chromatographic Extraction of PhZSBEQ

(see FIG. SP.12b)
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Table 17a
Tentative -1
Microns Cm
Assignment
C=C Aromatic 6.12 (m) 6.32 (m) 1,634, 1,582
Conjugated 6.55 (w) 6.80 (s) 6.93 (s) 1,527, 1,471, 1,443
Substitution 7.13 (w) 7.22 (w) 1,403, 1,385
Aromatic C-H | 7.68 (w) 7.82 (w) 8.49 (w) 1,302, 1,279, 1,178
Deformations 8.60 (w) 9.10. (w) 9.36 (m) 1,163, 1,099, 1,068
at C=C 9,80 (s) 10.02 (w) 10.11 (w) 1,020, 998.0, 989.1
Aromatic 10,27 (w) 11.10 (m) 973 7, 900.9
SN 8.82 (s) 9.21 (m) 1,134, 1,086
in SN 10.79 (m) 926.8%
L4
Monosub- ) ' :
stituted 13,61 (vs) 14.57 (s) 734.8, 686.3
Aromatic
S-N 14.23 (m) 14.92 (w) 15.34 (m) | 702.7, 670.2, 651.9
15.73 (m) 16.38 (w) 635.7, 610.5
%in S,N, 18.12 (n)* 18.28 (n)* 551.9% 547.0°
g:SN or 20.90 (w) 478.5

I.R. Data of S

S;1,Ph, Products
(see FIG. SP.13b and SP,16)
see P. 108 for FIG. SP.16
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Table 1
Tentative -1
Microns . Cm
Assignment
0=C Aromatic | 6.12 (m) 6.32 (m) 1,634, 1,582
Conjugated 6.55 (w) 6,80 (s) 6.93 (s) 1,527, 1,471, 1,443
Substitution | 7.13 (w) 7.22 (w) 1,403, 1,385
Aromatic C-H | 7.68 (w) 7.82 (w) 8.49 (w) 1,302, 1,279, 1,178
Deformations | 8.60 (w) 9,10 (w) 9.36 (m) 1,163, 1,099, 1,068
at C=C - 9.80 (s) 10.02 (w) 10.11 (w) 1,020, 998.0, 989.1
Aromatic 10,27 (w) 11.10 (m) 973.7, 900.9
S=N 8.82 (s) 9.21 (m) 1,134, 1,086
®in SN 10.79 (m)2 926.8%
44
? in SP.13¢ | 12.42 805.2
Monosub=- ' :
stituted 13.61 (vs) 14.57 (s) 734.8, 686.3
Aromatic )
S-N 14.23 (m) 14.92 (w) 15.34 (m) | 702.7, 670.2, 651.9
15.73 (m) 16.38 (w) 635.7, 610.5
*in s,N, 18,12 (m)® 18.28 (m)* 551,95 547.0%
SN or 20.65 (w) 20.80 (m) 484.3, 480.8
S-S 21.,20-21.50 LT1.7-465.1

I.,R. Data of SBN_2_ Products

(see FIG. SP.13c and SP,16)
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Tsble 18
Tentative
Microns ot
Assignment
C=C 6.10 (w) 6.32 (m) 1,639, 1,582
Aromatic :
Conjugated 6.43 (w) 6.78 (s8) 6.93 (s) 1,555, 1,475, 1,443
Substitution 7.22 (w) 1,385
Aromatic C-N | 7.68 (w) 7.81 (w) 7.92 %w; 1,302, 1,280, 1,263
Deformations 846 (w) 8.60 (w) 9.10 (w 1,182, 1,163, 1,099
at C-C 9.3 (m) 9.78 (s) 10,01 (w) 1,071, 1,022, 999.0
S=N 8.80 (8) 9.20 (m) 1,136, 1,087
? 12,50 (w) 800.0
-Mén'cgsub- ; , -
stituted © 13.59 (vs) 14.55 () 735.8, 687.3
Aromatic .
S-N 1.22 (m) 14.88 (w) 15.32 (m) 703.2, 672.0, 652.7
15.72 (m) 16.36 (w) 636.1, 611.2
S=N 18.33 (w) 54545
S5-N or :
S-S 20.85 (m) 21025 (W) 479.6, 470.6

see FIG. SP.1l4a and 14b)

elle i ’
I.R. Data of Brown Crystalline SBLI?'P__h2

Peaks Underlined Stronger in l14a than 14b
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DISCUSSION
Part 1
Thiodithiazyldichloride

The I.R. spectra recorded in FIGS. SP.1l and SP.2a-2¢ are of the
orange/brown crystals obtained from the reaction of 32012 with ammonium
chloride or ammonium suléhate respecfively. Spectra FIG. SP.2 have
common absorption frequencies with spectra FIG. SP.1, but the latter-have
extra peaks. These could présumably be absorption frequencies of reac-
tants and/or other products. It is interesting to note that the peaks
at 8.59, 14.-83, 17.80, 21,39 and 22.00 microns (FIG. SP.la), show some
similarity to frequencies of SANBCI'(FIG. SP.7b), and perhaps an even
greater similarity to some frequencies in FIG, SP.8b, which is the
spectrum of the product from the resction of 33N2012 with stannic'chloride.

Chlorine analysis of the sample Of,SBN2012 used for FIG. SP,]1 showed
that the chlorine content was high (39.5%).compared with the theoretical
value (36.41%), whereas a similar analysis on the crystals used for
FIG. SP.2a-2c and FIG. SP.2d gave a chlorine content of 36.7% and 36.3%
respectively. The excess chlorine in the first case (FIG. SP.li may have
been due to S,Cl

272
Initially, it was thought that the absorption at 19.40 microns

trapped in the crystals.

(FIG. SP.1lc) could probably be assigned to an S-Cl stretching frequency
in SBN2012' Evidence supporting this was obtained on grinding SBNZCIZ
with KBr and recording the I.R. spectrum (FIG. SP.1d), which showed that

the 19.40 microns peak had been reduced .in intensity. A similar
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explanation of the induction period before the formation of SBN2012'
However, while the experimental data recorded by the author could be
used to substantiate Jolly's mechanism, it does not rule out the possib-
ility of other mechanisms.
The mechanism proposed by Jolly is based on the reactions
353N2012 + 3912-——b 6NSC1 + 33012
6NSCL ——» 2N333013
As a consequence of these reactions any 83N2012 would be decomposed
in the presence of chlorine to NSCl aﬁd NBSBGIB' Jolly proposed that
chlorine was present as a result of the decomposition of 82012 to
chlorine and sulphur, and that during the induction period equilibria (1)
and (2) oeccurred, thereby increasing the sulphur concentration in the
reaction mixture.
S,01, ¥ 28 + C1, (1)

2

82()12 = S+ 8012 (2)° ' ~

Consequently as the concentration of sulphur increased, equilibria®

(1) and (2) tended to favour the formation of S C1,, and thus the chlorine

2
concentration was gradually decreased, thereby allowing S3N2012 to form
without further decomposition with chlorine to NSC1 and SjNBCIB'

In Jolly's mechanism*>’ NSCl is formed in solution, and being
volatile reacts with 82012 in the gir condenser to give SBN2012 and SClz.
The author has shown that 8012 could have been present in one sample of
83N2612. However, Jolly based part of his proposed mechanism on the |

equilibria (1) and (2), without considering any other !sulphur-chlorine!
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equilibria, The author suggests that one should examine all the possible
'sulphur-chlorine! equilibria rather than selected onmes.

The equilibria concerned are:

2
SClye= 35 + Cl, (3) g ¢.f. Jolly (1) and (2)
5,01 == ';L':"Sx + 501, (4) ) above
s61, &= s, + o1, (5)
ZSC12= 32(.‘.12 + c:l2 (6)

where Sx is some molecular species of sulphur,

2012——5 25 + 012

(3) must occur at the reaction temperature (ca. 140°C). According to

For Jolly's argument to be valid the reaction S

'Gnieli'n119 however, this reaction does not occur appreciably below 250°G.
The presence of red SCl2 in yellow 82012 demonstrates the probability of
equilibrium (4) o¢curring, even at room temperature. Although the reaction
S # Clé*-é SCl2 requires molten éulphurlzo’ the decomposition of SCl2 to

sulphur and chlorine (5) occurs to a small extent at room temﬁerature,

121,

- but prineipally to S,Cl, and chlorine (6) The reaction

2 :
82012 + Clé--) SCl2 is a standard preparation of SCl2 at room temperature,

and according to Trautz 22

is the principal !sulphur-chlorine! equili-
brium at thigh temperaturgs'.

Thus Jolly's proposals that, during the induction ‘period, chlorine
is consumed (by SBN2012) and the sulphur concentration increases, are
still acceptable if one replaces the equilibria (1)-(2) by equilibria
(3)-(6), the forward reaction (3) occurring to a minor or negligible

extent,
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If kinetic factors control the 'sulphur-chlorine! system, it is
possible that as the reaction temperature rises the chlorine concen-
tration increases via reactions (4)-=(6).

L] ) ) d ) . o
The equilibrium 82012 + Clz.,. 28012 is considerably more complicated

than is implied by this equation. For example the following equilibria

also occurlzz‘
. .
32012 * 012:== SZCl4 (fast) (7)
a—
8261 L 25C1, ( slow.) (8)

SC1, + Cl, ¥ S01, (very fast) (9)

S,0L, + SC1, @& SC1, + S,01, (fast)(10)

As chlorine is produced, reactions (7), (9) and (10) produce SCl,.

274
Eventually the concentration of sulphur is sufficient to retard the
production of chlorine, thereby favouring the formation of 82612. At
this point the production of 3012 via reaction (8) could become important.,
The SCl2 could then react with ammonium ions to produce 33N2C12' Thus,
equilibrium (8) could be the controlling reaction, and a contributing
factor to the induction period.

In either of the two céses, SC1, or S,Cl, could be the reactive
species, although the former is perhaps less likely if thermodynamic

control of the 'sulphur-chlorine' equilibria is effective.
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A possible mechanism for the formation of 831\12(312 is as follows:

+ + - +
NH 4 + 3012—-) (NHASC]'B) -—9NH2301 + HCl + H

NH2301 + 82012 = NSCL + 2S + 2HC1 (e.f. Jolly)

2NSC1 + 82('112 — 331‘1201:2 + 5012 (c.f. Jolly)

2NH2801 + 8012 e 831\12(}12

It is possible that the following could also occur. (e.f. formation
123.)

+ S + AHCl1

of phosphonitrilic compounds

NH,SC1 =—» (NH=S)

2
(NH=S) + SCl2 =—p HC1 + CLSNS
C1SNS +.NH, ——p NH,SNS + HCL + H'
NstNS + 2501, —> 831\12(}12 + S + 2HC1
or 2HNS + 2S(}12 — S,),Nzcl2 + S + 2HC1
The possibie formation of a cyeclic intermediate may occur via an
SéN2 unit as shown:
2HN=S + 3012 -—> SBNZ + 2HC1
SBNZ + S(':ll,z -’ 831\12(}12 +9S
One faet that is difficult to explain, is the reduction in the
induction period when using ammonium sulphate as a starting reagent. At
first it was thought that this may be due to the relative vapour pressures
of ammonium chloride and ammonium sulphate. However, thermogravimetric

studies on these compoundslo6

* showed that ammonium chloride starts to
decompose at 173°C while ammonium sulphate starts to decompose at 266°C.
Perhaps the sulphate dissolved in 82012 acts as an oxidising agent or

even a catalyst, to form SCl2 and sulphur, or a compound with the latter
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in a higher oxidation state.
SBNzcl2 should in all probability have the same structure as

S N2F which Glemser1’45 suggests has the structure:

322

FeS-N=S=N-S-F

Both Jolly's mechanism for the formation of SBNZCIQ via N=S-Cl, and

the alternative proposed mechanism above lead to the same structure.
The only thiodithiazyl compound to have had its structure determined

is 33N20254' Details of this structure have been given in the intro-

duction, where it will be seen that, substituting dxygen for fluorine

in the SqN,F, structure proposed by Glemser, thée sequence of the atoms

is identical. The main difference is that in SBN202 there are two SIV-

IV II

and one SII atoms, whereas in S3N2F2 the number of S° and 5™ atoms is

reversed, Consequently while not expecting exact correlation of the
'sulphur-nitrogen' absorption frequencies in the I.R. spectra of

SBN202107’ (FIG. SP.15) and SBN2CI2’ one would expect some degree of

similarity in the pattern of the spectrum. This is in fact observed.

Mass spectral data (Table 20) on 83N2012 gave little indication as

to thé possible structure. However, this could haveée been due to the
compound having broken down before reaching the ion source of the mass
spectrometer. The fact that an 33N2 unit is present in small quantities
could suggest its presence in S3N2012’ although it could be equally a
product of ion bombardment. One interesting factor that the spectrum
does show is that the SAN2 unit should be reas&nably stableas‘

In their studies on the characteristic vibrations of the sulphuryl
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Table 19
Tentative 4
Microns Cm
Assignment
S=0 8.44 (s) 8.60 (m) 1,185, 1,162
S=N 9,61 (m) 9.81 (w) 1,041, 1,019
10,01 (w) 998.,0
S-N 13.86 (w) 721.5
14.62 (m). 684.0
15.23 (w) 656.6
either
S=0 18,00 (w) 555.6
or
SN - 19.88 (w) 503.0

L.R. Data of SN0,

(see FIG. SP.15)
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Table: 20

Assigned

Mass Number
Ion
cl 35 and 37
S 32
.82 6/
SN 46 and 48
Sc1 . 67 (and others)
SZN 78
NSC1 81
SZNZ 92 and 94
5012 102, 104, 106
33N1 110, 112
SBI‘I2 124
SBI\I3 140
S 4N2 156, 158, 160

Mags Sgecf,ral Data of SBEZC_l2

0 .
i (Ion_Source Temp, 230#6C) . |
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108 109,

group, Robinson™ ’ and Gillespie plotted the stretching frequencies

of different sulphuryl species against the known bond lengths, and
obtained a relatively smooth curve. Usiﬁg this plot as a standard, they
then were able to predict the bond lengths of compounds, the structural
details of which were unknown. Employing the.same technique it has been

110

found that a similar smooth curve can be obtained for 'sulphur-nitrogen!

stretching frequencies (see fig. 3). Using this plot the predicted

" 'sulphur-nitrogen! bond lengths for SBNzozland SBNZCIZ are as shown:

S=N = 1.56 + .02 . SN = 1,59 + .028
S0  sw=1.79%.048 SMCly sy +1.75% .ouR

+

These values were calculated from an average of the absorption
frequencies of S=N and S-N, given in Tables 19 and 7. The corresponding

bond lengths for S=N and S-N in SBN202’ as determined by Weiss54’ were-

S=N = 1,58% and S-N = 1,698, showing poor agreement between the determigggiJ

__and predicted bond length of SN, !

———— _

Solvent extraction proved of little value in attempts to recrystallise
S3N2012.' In fact it appeared that either some reaction took place or

that SBN2012 decomposed to give SANBCI or SANA (see FIG. SP.B). This

supports the note made by Jo'11y25 that SANBCl can be obtained from

S3'N2612 simply by heating it in some solvent which does not have to be

52012 as reported by Mieuwsen2

In his studies on the sublimation of SBN2012’ Jolly states that

is heated to 80-95°C in vacuo, greenish-black SN _Cl is

1
when S_N.C1 3N,

372772
formed:

t
3831\12012 — 2831\1201 + 2NSC1 + SGl2
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As can been seen no details of the actual exberimental conditions
are given. When this work was repeated it was found that different
sublimates could be obtained depending on the temperature of the cold
finger (see FIGS._SPiA and SP.5). Sublimatiog of SBNZClé at 80-95°C
onto a liquid ﬁitrbgen cooled finger gave an orange/brown sublimate the
I.R. spectrum of which (FIG. SP.A) showed that the principal product was
SBN2012' Furthermore earlier experiments at room temperature and at
50-60°C, which gave low yields of yellow/orange sublimates would suggest .
that the pure product could be obtained at a sublimation temperaturg of
about 70°C. |

When the sublimation was repeated at 80-9500, but in this case using
a water cooled finger, a deep red sublimaté and a green/black deposit
were obtained. The I.R. spectra of these products are shown.in FIG. SP.5.
Close examination of these spectra showed that the two products must'be
‘very similar. Comparison of FIG. SP.5a and b, with FIG, SP.6e, (the I.R.
spectrum of the product from the reaction of 83N2012 with hydrogeg
sulphide) showed the spectra to be identical, From evidence which will
be considered later, it was concluded that the green deposit was the
S.N,C1 reported by Jolly.

32

The structure of SBNZCl is unknown although its involatility and
insolubility and the fact that no monomeric structure can be formulated,
suggests that it is at least a dimer and very probably a polymer
(SBNzcl)x where X must be an even number, Examination of the spectrum

of SBNZGI shows two absorption frequencies in the S=N stretching region.
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These are closer together than in SBN2012'

Using Robinson's and Gillespie's method of plotting absorption
frequencies versus'bond lengths, the predicted sulphur-nitrogeh distances
in 53N201 are:

S=N = 1.59 + .028 SN = 1.76 + .03%

These bmd lengths were calculated from an average of the S=N and
S-N absorption frequencies given in Table 9.

Reactions of Sszclz with various reagents in an attempt to substit-
“ute the chlorine atoms for alternative groups, did not prove particularly
successful., In general the'procedure was 53N2012 + 2K = SBNZXZ + 2MC1.
In the reaction with isopropanol the sulphur-nitrogen compound obtéined
was tetrasulphur-tetranitride. This was undoubtedly the same product as
that obtained from the reaction between SBNZClz‘and phenyl lithium.
However, as mentioned in the experimental section, the I.R. spectra of
thése products show great resemblances to S4N4, even though there are
differences in the 18-19 micron region from a spectrum of pure SANA' It
will be recalled that in the phenyl lithium reaction the possibility
of the formation of 83N2 was mentioned.. This was based on a comparison
of the maés spectral data of SANA and the product from this réactian.
Both the spectra were pracﬁically identical except for a peak at 124 mass
units in the'mass spectrum of the product from the phenyl lithium
reaction. This mass unit corresponds to SBNZ', The presence of the SBNQ

unit could have been due to the length of time the product was in the ion

source rather than being present in the original compound.



-101 -

When SBN2012 was reacted with hydrogen sulphide, the product formed

gave an I.R. spectrum identical to the I.R. spectrum of the deposit from

the sublimation of SBN2012

Tables 9 and 10), It was thought that this product was 85N,C1.

with chloroform, three separate products

(e.f. FIG. SP.6c and FIG. SP.5a and 5b,

In the reaction of SBN2012

were obtained (FIG. SP.7, Table 12). Refluxing SBN2012 with chloroform

for several hours gave S (FIG. SP.7a), while when the same reagents

N

were heated for a shorter time the product was S,N.Cl (FIG. SP.7b), and

&3
when the reagents were allowed to stand at room temperature for 2-3 days

the product was shown to be a mixture of SBNZQIZ, Sz“zcl and SANBCI (FIG.

SP.7¢).
Although this reaction did not give the desired products, it is
interesting since it almost certainly indicates the pattern of the break-

down of S;N,Cl,. Thus it would appear that oh heating, S,N,Cl, initially

forms SBN201 which in turn gives Cl, and the latter, under continual

reflux, is finally converted to S

SANB
_ L
resction the evolution of HCl was very slow but on the formation of
25

It was noticed that in this

84§301 it tended to be faster., Jolly et. al. ” noted that when SBNZCl

was heated to 130-150°C in vacuo a variety of products including NSC1 and

Scl2 were evolved and a residue of pure S4N301 was formed. If one con-

siders that 83N201 is a polymer (SBNzcl)x then it is possible that this

could decompose to give SANBCI, 8012 and NSCl.
Sinee S,N;Cl is ienic, i.e. SAN;CI', the positions for rupturing

(S3N2°1)x are not determined by -the position of any S-C1 bond in SANBCI.
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MSe® s s
P N 4O
N N ﬁ“’% N N |N N
_g -0 ) ~=3 g [T B |
015 545 8 F5 S-rs sa
Cl Clin where n-=-x-2

Thus it will be seen , that having ruptured (331\12¢2':;I.)x at point 4,
further decomposition could occur either by the loss of %_-82012 (rupturing
at B) or by the loss of sulphur and NSC1 (by rupturing at C).

In the reaction with dimethylformamide at room temperature, the
product obtained was shown to be & mixture of S 41\1301 and SBNZCI (FIG.
SP.8a). Presumably these products formed in the similar manner to those
in the reaction with chloroform. A possible general mechanism is given

below:

x(SJN,C1,) + XHX == (SN,C1), + xXHCL + ’E‘XZ

hea »
or  x(3,N,01L,) 2285 (5.n,01,)
(S;N,01,), + xHK ~=b (S;N,C1), + xHCL + %,
(SBN201)x——’S 41\1301 as above
The spectrum of the products from the reaction S,N,Cl, with stannic

3’272 7
chloride has already been discussed. Examination of FIGS. SP.la, SP.7b
and SP.8b, Tables 6, 12 and 13, will show that several peaks are common
to these spectra. There is not an exact correspondence to S 41\T301 and -

therefore it would seem that this product may contain an ion similar to

S 41\1301 although this is by no means certain.
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Part IT

Thiodithiazyldiphenyl -

Initial reactions between SANA and phenyl magnesium bromide to form
thiodithiazyldiphenyl proved to be unsuccessful. This was partially.due
to insufficient data on experimental procedure. However, after several
experiments the following facts were ascertained:

1. I£ is essential'to have the ratio of PhM'gBr:Sé\T4 not greater

then 2:1

2.. As a consequence of (1) the Grignard reagent must be added to
the S4N4 solution and‘noﬁ vice versa -

3. The reaction should be carried out at room temperature or below,
and while this was-not done in tolueﬁe,lit is recommended that
it may well prove beneficial to do so rather than in benzene,
since the former can be cooled well below room temperature

4e On mixing the reagents they should be éllowed to stand for at
least an hour before the addition of the 5% acid solution

Diphenyl disulphide (FIG. SP.9a) and S (FIG. SP.9b) were obtained

i
from the first two preparations and the product m.p. 97°C formed in
Experiment 3 was shown by Infra Red spectfa (FIG. SP.9¢c) to probably con-

tain some SANA' This was suspected by the existence, in the I.R. spectrum,

of absorption frequencies at 10,83, 18.12 and 18.35 microns which are

very close to similar absorptions in the S spectrum. (c.f. Table 12 and

4
Table 14). However, the spectrum of the product showed little similarity

to that of SANA in the ;ggiqq}}B:;S microns and thus indicated the
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possibility'of adduct forma@ion between SANA and SszPh2. This will

be discussed later., The orange product synthesised in Experiment 4,
m.p. 86-87°C was shown from the I.R. spectrum (FIG. SP.10a) to céntain
some diphenyl disulphide and on recrystallisation the similarly coloured
product m.p. 99°C was shown (FIG. SP.10b) to be identical spectroscopi-
cally to the gold product (FIG. SP.10c) and the brown crystalline
product (FIGS. SP.l4a and 14b). Analysis figures for thé-orange sample:
(FIG.. SP.10b) were C=50.4% and H=3.47%. (Theor. C=51.76%, H=3.62%).

The gold product m.p. 102°C from Experiment 5 again showed a slight
absorption at 18.30 microns, although the carbon-hydrogen analysis was
very dlpse to the theoretical value for PhZSBNZ (Cale. C=51.9%, H=3.99%:
Theor. C=51.76%, H=3.62%). '

It is of interest to note that when the recrystallising solvent was
petrol ether, the product obtained was orange coloured. It has been
noted in the introduction that FarrarBl commented on the use of solvents
such as acetone, methanol and ethanol in working up similar thiodithiazyl
compounds., Thus while elemental analysis of products recrystallised from_
trichloroethylene and acetone etc. showed them to be different, no
explanation of this was given by Farrar. " However, I.R. spectra of the

gold and orange samples of S N2Ph showed that there was little or no

3 2
difference between them. .
Chromatographic extraction proved of little value in purifying
SBNZPhZ' Repeated experiments indicated that any SBN2Ph2 was broken
down to diphenyl disulphidevggvphg gxtr§ption colum. The evidence is
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not conclusive since the impure sample would probably contain diphenyl

disulphide, Nonetheless, some 33N2Ph2

sample and was not found in any fraction extracted.

was present in the dissolved

The results from Experiment 7 proved that the solid formed on the

addition of PhMgBr to SANL was an essential intermediate in the formation

of SszPhZ. One factor difficult to explain'is that atmospheric hydroly-

sis of this intermediate compound gave S (FIG. SP.11a) while acid

' 44
hydrolysis of the ssme intermediate gave, among other things, the required

product again with some S (FIG. SP.11b). Sublimation of the latter

44
product at 8490 left a deposit m.p. 101°C, the I.R. spectrum of which had

all the characteristics of SBN2Ph2 (FIG. SP.1lc), while the sublimate
was shown to be SANA' Consequently purification of SBN2Ph2 by sublima-

tion is possible. ,

The nature of the colourless leaflet crystals obtained in Experimént
8 is unknown, and the I.R. spectrum of this sample (FIG. SP.12a) gave °
little information other than the fact that  phenyl, phenyl-sulphur and
sulphur-nitrogen bonds were probably_preSent. Purification of this

sample by chromatographic extractionlol

proved unsuccessful since the
extracts were shown to be diphenyi disulphide (FIG. SP.12b) and some’
compound with a similar but not identical spectrum to diphenyl disulphiée
(FIG. SP.12c).

In further purifications of SBN2Ph2 repeated recrystallisations

- from alcohol were attempted (see Experiment 9). Four recrystallisations

gave a sample m.p. 95°C (analysis figures €=20.4%, B=1.57%). The I.R.

7
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spectrum of this sample (FIG. SP.13a) showed the presence of SN, in a

ratio SBN2Ph2:SAN4 equal to 1:2,32 which is approximately 3:7. When this

sample was recrystallisea twice more it gave a m.p; 101° (analysis
figures C=44.9%, H=3,16%2). I.R. data on this sample (FIG. SP.13b) showed

that the quantity of S was drastically reduced and that the region

A4
13-15 microns showed no absorptions common to SANA in the same region,
again indicating the possibility of adduct formation. The ratio

Ph2$3N2:S4N4 based on the carbon analysis was 4.33:1 which is approximately

13:4. Recrystallisation of the latter sample once more gave a product
m.p. 101°C (analysis figures C=45.8%, H=3.35%) which indicated a ratio of
PhZSBNZ:SAN4 equal to 5.1:1, Eﬁch recrystallisation was carried out by
dissolving the sample in hot alcohol and filtering any insolublé material.

In every case the latter proved to be SANA and therefore, it was felt
that probably SBN2Phé decomposed on warming to give S,N, and diphenyl

sulphide i.e.
25N, P,—» 2P + SN,

Consequently, the final recrystallisation was executed by dissolving
the product in alcohol at room temperature, dividing the solution into
two parts: the first was chilled rapidly in an acetoﬁe slush bath and
gave a gold product m.p. 97° (FIG. SP.13c) with analysis figures of
C=51.9%, H=3.59% which were very close to the theoretical values, even
though the I.R. spectrum still showed the possible presence of SAN4°

The second part was cooled for several days at -10°C and gave rust

coloured needle crystals with %gentical melting point, analysis figures

- -
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and I.R. spectrum 46 the product from Experiment 10 (c.f. FIG. SP.l4a and

1/b). This product, m.p. 103.560, formed rust coloured needle crystals
with aﬁalysis figures €=52,3%, H=3.59%, 5=34.02%, N=l°.59%-

| (Theor, C=51,76%, B=3.62%, S=34.55%, N=10.06%). The spectra of this

product (FIG, SP.1/b) showed no sign of SANA'
It is doubtful whether SANA and SBNZPh2 form adducts. Certain

evidence suggested possible adduct formation. This was:

l. The very slow change in composition of impure S3N2Ph2 on
repeated recrystallisation from ethyl alcohol (Experiment 9),
This is, however, explained by fortuitous solubility similar-
ities for SANA and SBNsz2 in this particular solvent.

2, Successive recrystallisations of impure SBNZPh2 (Experiment 9) -
gavelsamples of melting points 95°Q-(after four recrystallisat-
ions), 101°C (after six recrystallisations), 101°C (after
seven recrystallisations), and 97-98°C (after eight recrystall-
isations), The fact that the melting points increased to 101%
and then dropped to 97°C suggested either compound formation or

| gxéessive destruction of S;N,Ph, to SN,.

3. Infra Red spectra (FIG. SP.10b, 10c) showed absorptions at

~ 10,75, 18.10 and 18,30 microns which are common to 8434 (FI1G.

SP.7a). However, the region 13.5 to 15 microns did not appear

to resemble the I.R. spectrum of S in the same region.

A
Close examination of the I.R. spectrum of pure 83N2Ph2 (F1G.

SP,14) with the I.R. spectrum of a mixture of S4N4 and SBN2Ph2’
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in the ratio 1:5 showed that the 14.2)1 micron absorption
(FIG. SP.1/b) was present as a shoulder in FIG., SP.16, while
the 14.33 micron absorption (FIG. SP.16) was absent from the

spectrﬁm of the pure product (FIG; SP.14). Comparison of the

LN 4 and S3N2Ph2 (FIG. SP.16) and the samples

where adduct formation was suspected (FIGS. SP.13b and 13c) -

spectra of pure S

showed them to be identical in the 13.5 to 15 micron region,

both in intensity and position of absorption. This does not

3272 L4
suggests that adduct formation did not occur,

disprove that S,N,Ph, could not form adducts with S N, but

Three coloured forms of 83N2£h2 have been.obtained; gold, orange and
brown., The gold and orange samples tended to form leaflet crystals while
the brown sample had a needle formation. A P.S.R. spectrum of a carbon
tetrachloride solution of the gold (FIG. SP.10c) and orange (FIG. SP.10b)
samples gave two identical spectra., It is unknown whether there is any
difference between these species but it was thought that the difference
in colour of the leaflet crystals may have been due to reflected light in
the gold sample and transmitted light in the orange sample.

When phenyl magnesium bromide in ether was added to the S,N, benzene

L4
solution, an orange/brown precipitate formed immediately. The instant

-

"formation end the fact that it is broken down by acid hydrolysis or excess
Grignard reagent suggests that the orange/brown precipitate is a complex
of SN, and PhMgBr with donation occurring through the sulphur or nitrogen

L4
atoms, (see Figs. % and 5.). Precisely how hydrolysis breaks the complex'
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Ph
FIG., 4

HYPOTHETICAL GOMPLEX BETWEEN
S, AND PhMgBr
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Br N/ S

\// \/
‘NS/ \'{f\

FIG. 5

HYPOTHETICAL COMPLEX BETWEEN
S,N, AND_PhMzBr
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to give S3N2Ph2 i§ difficult to envisage if dohation-occurs through
sulphur (Fig. 4). Examination of Fig. 5 shows that on hydrolysis the
phenyl groﬁps could migrate'to the sulphur atoms to give Sszth and
therefore this structure is more feasible, p;rticularly in view of the
fact that‘nitrogen to magnesium dohatibn is stronger relative to its
sulphur counterpartl24'
Mass spectral data of SBNZPhZ showed the presence of the ions given
in FIG. SP.17 and Table 21. Each ion was 'weighed' to éppm, The break-
down pattern, Fig. 6, was deduced from a spectrum obteined while the ion
repeller voltage was high, thus amplifying metastable species in the
spectrum. The dotted lines (Fig. 6) represent unconfirmed breakdown
paths; the curved lines represent confirmed but minor breakdown routes,
and the full straight lines represent the major breakdown route. ' Since
the main breakdown is by loss of SN2, it would seem possible that the

structure of S.N.Fh. could be either

3272
4S§ PE-IN
N N or N N
§ 8 S= §
Fn’  fh P’
(a) (b) |
Comparison of the I.R. spectrum of SBNZPhZ (FIG. SP.14b) with the

I.R. spectrum 6f diphenyl disulphide.shows many similarities. Sérutiny
of these spectra enabled the authdr to assign tentatively certain absorp-
tion frequencies of 83N2Ph2 to SN and S-N stretching frequencies (see
Tables 13-15, 17, 18 for SBN2Ph2; Table 16 for thsz). Furthermore, the
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Table 21

Assigned Ion

Mass | .
Number Ton Source Temp.230£16C

28 N2

32 S (ve. small because charge

carried by Phenyl grcuSi%

46 (Probably some S—N)

39, 45

51, 65 Meinly Phenyl breskdown

. 66, 69

a4 Ph

109 SPh

123 SNPh

154 th

155 Szl\tPh

186 Ph,S

200 SNPh,

218 SZth

232 SZI\IP-h2

250 SBPh2

278 SBNzP'hZ

Mass Spectrum of Brown Crystalline

S508,2h,

(See FIG. SP.17)
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37 ph
19?

FIG. 6

MASS SPECTRAL BREAKDOWN OF S,N,Fh,

(gee FIG. SP.17)
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similarity of tﬂe weak absorptions in the 20.5-21.5 microns (SBBTzPh2 -
‘,FI'IG.. SP.14b) and 21,0-22.0 microns (Ph2S2 - FIG. SP.12b) could suggest
that the 5-S bond is present in SBNZPh2’ thus fz-wouring structure (b)

above,

Using Robinson's and Gillespie'!s method of plotting absorption
frequencies versus bond lengths, and taking an average value of the
stretching frequencies of S=N and S-N given in Tables 13-15, 17 and 18,
the predicted 'sulphur-nitrogen' bond lengths in S N,FPh, are:

32 02
S=N = 1.52 + .02f S = 1.82 + .04k
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Thiodithiazyl Oxides
It will be recalled that in the introduction structures for S NZO’

3

53N2°2 and SBN205 were recorded as given by Goehringw, and that altern-

ative structures were given for these co-mpounds. The structures are

given again belows

Structure
Formuls Goehring
&
S350 - S 8
o’
2N
54850, L
\S
i
5312% 08 &
2\ /7 2
0
The formation of SBNZO and 831\1’202
an 82N2 wnit as follows:
- *
@S\ a- PN
RIS i
R I N c1 s_ S
of ¢l o’

Alternative
0
]
g S N See Ref. 33
n u
S S
0 0
W ? Structure known5 4
0 0
» lsl n
N7 ‘1\1¢<

occurs, according to Goehring, via

‘S\
vy
D 4 S s + Cl

o’



t 3 -
N A ] Fd \' -
. E’ o +o01m § *0
—_—
K, vl X,
S \S
.losc12
™o $ NS
i \ G N .
N 0 +¢& N, 0-&1
g’ + Cl \3 R
; 2
I
The structure of 531\1202 is known to be:
0 0
n n
s S~ 8
*N N7

and consequently one might expect the formation to occur as above,

but with structure I opening to give:

0] (0]

ll. n
IT S S S

W/ M\~

However, Gbehring reports that on heating S‘"SZ’NzO2 giveé ol 02 and °
%SAN 4 If SBNZOZ’ II, formed as sﬁggested, there seems ﬁo reason why all
the SO, should contain the labelled sulphur. Indeed one would logically
expect that on heating four moles of S,N.0,, the products would be

3272
250, + :es*o2 + SN, + S*SBN 4 Since only the SO, contains the labelled
sulphur, one can only suggest from the known structure of SBNQOZ’ that
the labelled sulphur atom is in an environment common only to itself,

i.e. structure III.

III | S\\,{,,S
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If this is true the formation must occur via S-N units

cl c1
. 0 0
+S '°"§" s:o‘éi"’l L 28 st

The formation of 33N20, having the alternative structure suggested

by-MeuwsenBB’ could be formed in a similar manner

v i
. §-1%1 + 017 .S\
N"R | N
woow NN Cl,
S $ S s -
+

SBN205 having the structure suggested by Goehring, was formed from
S N, and S"'O3 as follows: -

L |
25y - :
¥y 0 g‘?’ﬁ\\ln“g% & £5y\
s s 630.. 5.8 sd, 2, 2 F
P 1 ==3%_ g?l i §:§ 2505 o *
"l 0553 4503 Thor 2

The structure was based on the hydrolysis products formed as shown

Prs

N
. 1;[ N
802 502
HéN NH m NH
} 2 [ 1 2
+ §b2 JOzs* gbBH
H,0 Ls‘“ HO” |

Hydrolysis of the alternative structure for SBN205’ IV, could also
give the required pro&ucts, providing the terminal sulphur atoms were

the ones labelled
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0
Iv - o=s*

\Nl \I\]&

w=0
(i

0

2H20

02§1H +'80, + H2N§E)3H

lZHZO

st“'f)4 + NH

H

3

SN, and §63 could initially form & complex SN 4.4é63 (c.f. Goehring),
which could then be oxidised, by further 363 attacking the sulphur atoms

of the S 4_I\I 4 unit, thereby giv:.pg SBNZO5 as shown in structure IV.
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The Mass Spectrum of S N,-
The MassIS ctrum o SAN4

The mass spectrum of SAZN4 was recorded using the direct insertion
probe technique. The spectrum obtained varied a little depending on
the time the sample was in the ion source, prior to recording the spectrum,

Thus if the time was short, 83N2 ( 124 mass units ) was absent. The mass

spectral data of is recorded in Table 22, and the abundance of each

S
ion, relative to SA'N4 equal to unity, is recorded in Table 23,

It is interesting to note that the sbundance wvalues of SBNB and SN

are large and approximately equal, These values are not only a measure
of the quantity of each ion present, but also, presumably, some indication

of their stabilities. If this is so, the S,N; ion should be more stable
than the SANZ ion, and the SN ion could be»SBNg+ rather than SAN?#'

Possible structures for the SBNB ions are given below:

AR s
s 3t A + 1
33 N\\S_/N S5 \ g%

The abundance value for the SN ion does not ofcourse necgessarily

indicate that the ion is 53N3+' Indeed, the fact that S2N2 is present

to 2.7 times the sbundance of SANZ indicates either, the ease with which
S N, ionizes to S Niﬁ, or the ease with which S,N

44 4 N,

SZNZ. Thereforethere would seem no reason why SANA should not break

breaks down to give

‘ down to SN* or form SAN2+.

Closer examination of the spectrum reveals that masses 185, 186, 187
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Table 22

Assigned
Mass Number
Jon

N2 28
S " 32
SN or S ANf 13

2+

| SBN2 §2?

S, 64
SN 78, 80
SN, or 8 ANT 92, 93, 94
SN 110, ‘112
sS4, 124, 126 |
5,1, 138, 139, 140, 141, 142
5N, 184, 185, 186, 187, 188

Mags Spectrum of Sl,,-N-Z,

| (Ion_Source Temp, 23026 C )
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Table 23 .
Assigned
Mass Number Abundance

Ion
SN 46 7.92

2+
83N2 627 0.15
S, 64 0.25
.SzN 78 3,00
SQN2 92 . 2.71
SBN 110 0.50
83N2 124 0.15
83N3 138 8.60
S ' .0

4N 4 184 | 1,00

Abundance of ‘Species Present in
Mass Spectrum of SAEA

(Relative to SN, =1)

il
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and 188, for SN, .

doublets, while the masses for SBNB’ 138-142, and SN, 46-48, are all

singlets, This may be a further indication that the 82N2 mass unit

and masses 93, 94, 95 and 96, for SN o9 8re all

corresponds to SA_N4 , and that the SN mass unit corresponds to SBN3+
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