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REACTIONS OF HEPTASULFUR IMIDE AND THE HEPTASULFUR IMIDE ANION
MarShall Harvey Mendelsohn
Inorganlc Materlals Research D1v1s10n, Lawrence Berkeley Laboratory and

- Department of Chemistry; University of Callfornla,
Berkeley, California 94720

.~ ABSTRACT

Several experiments Were performed td deterﬁine whefher solutions
of the heptesulfur imidetanion (S7Nf) could>be‘quentitatirely prepered
from the parent acid, hepﬁasulfﬁr imide (S7NH); A successful method was
feund whichlempleyed powdered,KOH under low temperature (-60°) conditions
and a controlled stlrrlng time (15 min). Investigetions were also ear—
.rled out on reactlons of solutlons of the heptasulfur 1m1de anion w1th
several potentlal reactants. ~From these experlments, three new derl—
vatives, S7NCOgCgH5, S—,NCOgCHngH5, and S7NSl(CH3) 3, Were prepared and
characterlzed.'

A study was made Of.the reaction of S7NH ﬁith_diborane. New com-
pounds of the formula;S7NBH27ether were made, end tﬁe compound S-NBHz*
(C2H5)20 wes isolated as a crystalline materiai apd'characterized. The
new cqmpeund S7NBH24pyridine was elso isolated ahd characterized.

Finaliy, e_preliminary.study was made of the,reactioh of sﬁlfur
nitride (SaNs) with aluninum trichloride in nitromethane. The species

SgNg+ and NH4+ were identified'as two of the products of the reaction.
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I. PREPARATION OF THE HEPTASULFUR IMIDE ANION

A. Introduction

Heptasulfur imide was flrst isolated by Macbeth and Graham in
1923, ‘however, the correct formulatlon of the compound as S7NH was
2
not made until l9h2‘by Arnold. Many reactions 1nvolv1ng heptasulfur

3 has

imide have been carried out; however, only one group of Workers
prepared and studied reactions of the heptasulfur imide anion, SN .
In this section we report various attempts at quantitatively preparing'

solutions of the anion.

B. Experimentel

BS%E%EE§~%BQ~E£232Q2£SE-- Heptasulfurvimide‘was made by standard
methodsu’s_andIpurified'by'onevrecrysﬁallization from methanol followed
by repeafed recrystallizations‘from carbon teﬁrachloride until the
solutions‘were colorless and the solid nmelted at li3fllh° (1it. ll3.5°).5
Methyl iodide, trifluoroacetic'acid, methyl lithium, and potassiUm -
hydroxide were ell reagent érade chemicals and were used without further
purification. Anhydroos iithium hydroxide was used as received from
the Fisher Sc1ent1flc Company Liquid ammonia was dlstllled from
sodium. Dlglyme was dlstllled first from potass1um hydrox1de and then
from lithium aluminum hydrlde_at reduced pressure.’ Tetrahydrofuran
was distilled from lithium aluminum hydride. Fluorene aﬁd;2,3-dimethyl-

naphthalene were each recrystallized twice from ethanol and were. found

"



to melt'at 116-118° (1it.5116-?°)6 and 10&-10&.5jf(ii£. ;ou;ﬁ.5§)6;
respectlvely Para-dihromobenzene was recrystaliisedcfromvethan0l'
‘and was found to melt at 86 5= 88° (llt 87° ) .

. To determlne the yleld of S7N from the reactionvof potassium o
‘fluorenyliwith S%NH;'meth&l iodideAWas used-to convert the S7N-giﬁ.
solutionﬁto S}NCHit A“knounhamount-of‘ K+fluofenyl-:in digiyne Wast

plpetted 1nto a vessel cooled to . -78° and the solutlon was qulckly"
2

dlluted w1th 5 ml of .THF to prevent free21ng A lo%'excess of S7NH”-

d;ssolveduln THF was cooled to -78° and then added to thetpotaSSiunv“'.
fluorenyl solution; The fesuiting‘soiution ves stirred forsa'knownh
‘anount of-time under a No atmosphere,and then a iarge:excess“Ofvmethyl |
fodide (1 ml) was added and'alldwed“ﬁo react for £0-30 min. After

- removal of‘the.volatiles under_vacuo,'the S#NCH3_was(quantdtatively "
extracted with carbon disulfide, and the amduntvof S7NCH3 fofmed was:
determlned by proton nmr spectroscopy us1ng.a welghed amount of 2 3—
dlmethylnaphthalene as an 1nternal standard '

To study the reactlon of heptasulfur 1m1de w1th potass1um hydrox1de
and llthlum hydrox1de, a welghed amount of S7NH (0.2- O 5 g) was added
to a stirred slurry of KOH or LiOH: (2 i g) in tetrahydrofuran (25 O ml)
at -63 At various tlmes an allquot was plpetted from solutlon and
added to. an excess of standardlzed trlfluoroacetlc ac1d dlSSOlved in
dlglyme | The excess acid was tltrated with standardlzed O 100 M NaOH
to neutrallty. The endp01nt was detected by the flrst-pers1stent’blue

- color.. (The accuracy of thls 1nd1cator was checked by d01ng several

tltratlons on a known amount of acid in the presence of some S7NH, and
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it was_found to be éé,good as é phenolphthaléin indicatdr solution.)
We also determined the yields of S7NCH3 for Varibusvstirring fimes of
a THF solﬁtioﬁ of S,NH wiﬁthiOH'or KOH. An aliquot of solution at
-62° was pipetted into an excess of CH3I_(O.5-O{6 ml), and.after
evaporatiohWof the volatiies, the améunt of S7NCH3»forméd was deter-
ﬁined by proton nmi spectroscopy,‘using pABrngH;'as an internal
sténdard.

Thebéreferred mefhod for quéntitative prebarafion of the S7N_
anion involves the usé of an_apparatus'describéd pieviously in the
litérature.7 Reaction flask A waS’equippéd with‘a stopcdck'B énd ﬁas
connected to collectioﬂ flask E (e@ﬁipped with a stopcock D) through |
a. filtration column C. Reaction flask A'Wasvflushed with No through-
stopcock B and~cooled_to ca. -60°, A magnetié:étirvbar, 25,6 ﬁl of
THF, and 2—& g of,ffeshly powdered KOH were, respéctively, added tQ
reaction flask A. After the slurry had'stirred'fof a few minutes,
0.2-0.5 giS7NH was added, the time:ﬁotéd, and parts E and C conneéted
.to_A; .Ng waé flushed through stopcock D fbr'a few minutes, and then
stopcopks_D and B were closed. The solution was'a116wed tp étif_fqr
15 minutes and was then.filtered. The fiitration was performed by
removing. the apparatus from the éold bath (~ -62°), inverting it(fand
briefly applying a vaéuum through stopcock D. Filtration was carried
out in.5¢i0 seéonds, and éeveral.blénk rﬁné sho&éd that the temperature
of the éolution after filtration was -36 to -L0°. After filtration,
N- was reintroduced through stopcock D. A and C were_reﬁoved from E;

and E was stoppered with a ground-glass sleeve joint attached to an

i
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open'stopcock. After a few mlnutes ‘of flushlng, the latter stopcock _
and stopcock D were almost s1multaneously closed . The solutlons ob- :
talned 1n the precedlng mannervwere warmed,to -22, O, or ~ 23°. Atf?f
various times; an aliquotp(S.Onml) was‘pipettedvinto.an-excess:of CH;I
(0.5-0.6 ;;11) at 0°. Thé amount of 5/NCH formed was determi.ned’( as
descrlbed in the prev1ous paragraph. | o .

A chromatographlc column w1th a glass frlt and a coollng Jacket
was used to study the reactlon of a solutlon of S7NH passed through
a column of anhydrous LlOH. The apparatus had a s1dearm used for
flushlng and malntalnlng a Na atmosphere The column was loaded w1th'a
LiOH to a total helght of 5-7 cm, and the coollng Jjacket was brought
to a temperature of -55. to -68° by addlng dry ice to acetone. A known
amount (about .25 .g) of S;MH dlssolved in 25 0 ml of THF was added,
and a stopwatch waspstarted.; The tlme of passage through the column
‘ varied‘with'thelpressurehapplled from'a No tank. The eluate'was,col;
lected in a flask, whichvwas attached'to the COlumn-with'a°standard'
19/38 ground-glasS'joint The flask was cooled. to —78°, and an allquot
of the eluate was added to an excess of trlfluoroacetlc ac1d in dlglyme.
The equlvalents of base 1n‘solut10n per mole of.S7NH was determlned by v

titration as‘described preViously;

Preparation of K+fluorenxl_J-.cAn aﬁpa?atu$ Simil?f.td that”

' referred to previously was used.?f Solutions of K+fluorenyl-vwere'made-
by addlng =1 known amount of fluorene to 50 O ml of dlglyme and stlr-
rlng under a No atmosphere with 3- 5 g of powdered KOH.. The solutlon‘

~ was filtered and checked by titration. An aliquot was added to an



excess of standardized 0.100 N HCl,-and a few drops of phenolphthalein
in methanol were added. The endp01nt was detected by the color change
yellow to orange. After 16- Eh hours of stirring, 1t was found that

9k~ lOO% of the fluorene had been deprotonated.

Instrumentation.- ‘A Varian T-60 was used for"the'proton nmr
~ spectra, and a Cary 14 spectrophotometer was used to record the uv-vis

spectrum.

C. Results

SN+ Liguid Niy.- When a small amount of - S71M is added to dry
liquid amﬁOnia at 578° a bright yellow colored solution is formed.
These dilute solutions (~ 10~ yD ‘were found to be highly conducting
(two measurements gave molar conductances of 210 and 280 cm /ohm—mole;
for coﬁparison to a knoﬁn ionic compound, the'velde for Na(N(CsHs)é)
is 235 cmz/ohm-moleB)."When methyl iodide was added to these solutions,
it was found that S7NCHz could be isolated. However, because of the
limited solubility of S7NH_in liquid ammonia and the-reaotivity of
ammonia itSelf, this solvent system waS'not investigated further.

§z§§;iigﬁz%i-' When methyl lithiqm is.allowed to react with
excess.S7NH:at -786,‘a yellow.solution is formed,bénd-in two runs the
yields of ﬁethane liberated were 887 and 90%.. Because we did not
find tﬁe desired.lOO% yield and also beoause of the difficﬁlty.of
quantitatively handling solutions of methyl lithium,'this method was

also not investigated further. -



.“-6-1-

~

- $7NH + TiOH.- When S;NH reacts with LiOH at -63°‘ﬁo -h5°, a>yellow

a:solution;isnformed‘ The number of equlvalents of base in solutlon per
vmole of S7NH was determlned under varlous condltlons, and these values _
are‘glven 1n Table I for dlfferent reactlon tlmes. If we had quantl-
tatlvely prepared a solutlon of S7N thednumber of_equlvalents of base
'in“solution-per-mole;of S-NH shduld‘be l.OOg' Asnoan bé,notéd from Table
1, ne found that the number of equivalenﬁs of‘base.in solntion per mole.
of S-NH lncreased:with time to valnes larger than 1.00. We then checked
the yields ofVS—,NCH3 for shorter periods.of stirring aﬁ -60° and found
the follow1ng results (+ 3%) s E.min; 2Lqs 5 min;_67%; l5‘min,“53%;
30 min, h9%. A | ‘ |

' In two experlments with S7NH and LlOH we determined the yleld of
S7NCHs and,the:number of.egulvalents of base in solution per mole of
S7NH from the same solution.“The results were asxfollows: o

1No.rof equivalents

¥1eld of S7NCHs (%/1007) of base in solution’/S7NH (mole)

I+

0.59.

0.27 £ .02 . - - 0.30 + .0l

02 7 0.83 ¢ .01

SZNH + K fluorenx Te- Four runs were carried out with an excess
of S7NH, and as can be noted from Table I1, the maximum yleld of S7NCH

was found £0 be 80%.

.
v

S—NH +3KOH.- When S7NH reacts with KOH atf;63° a yellow solution -
is flrst obtalned whlch ‘after several mlnutes turns green. 'If the

yellow solution is cooled to —78 ) 1t remains yellow, and if the green

[l
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TABLE Ia

SoNH + LiOH
Temﬁ.(°C)  stirring time (hr) equivalents of base in solﬁtion/
: " S+NH (mole) :
6 o5 .. 1.8
63 1.0 153
63 3.0 1.69
45 0.5 ’ : . 1.96
=45 | 1.0 | ’ 1,30' .
ks 2.5 1.70 -
s 4.3 | 2.28
TABLE Ib
S+NH + LiOH
Temp.(°C) = total time through : 'equivalents of base in solution/
column (min) . S7NH (mole)
-57 2.2 - 0.84
-55. 35 - 1.01
68 - k2 : 106
-56 5.0 | 1.10
-55 5.5 | | 115

-57 6.0 : 1.22

i

!
i



TABLE II

S-NH +fK+fluorenyl-

étirriné timev(hr) yieldv§f-S7NCH3 (% + 3%)

-78

78
5-?8;'

78

0.5
0.7

24.'0,

58
.59
%

79




solution is warmed to O°; it turns blué. Table IIT shows the number

of equlvalents of base in solutlon per mole of S7NH, determlned by

titration of an aliquot of solution, at various temperatures and stlr-

vrlng tlmes._ As can be noted from Table 11T, 1t was found that the

‘number of equlvalents of base 1n solution per mole of S7NH increased

with tlme to values larger than 1.00. Yields of S7NCH3.were determined

by‘addlplon of an aliquot of the solution made from S?NH'wi?h KOH at

-62° to an excess of CHsI at 0°. The results were as follows (= 3%):

2 min, 68%; 10 min, 101%; 15 min, 102%; 20 min, 103%; 30 min, 95%;

Lo mln, 9&% 90 min, 85%. These results indicate that a Quantitative ‘

preparatlon of the S7N anlon can be realized w1th KOH by carrying

out the reaction at ~-62° for 15 min + 5 min. A yield of 99% + 2%

was found 3‘ﬁore times from solutions»prepared ﬁnder-similar'cbnditipns

as thosevdescribed above, during the cqurse of the‘experiments detailed

next. |
Temperature behavior of solutions of SAVK'.- When a solution of

S;NK', made by reacting S7NH with KOH in THF at -62° for 15 minutes,

was filﬁéred and allowed to stand at room temperatﬁre fpr one hour,

it was found that the yield of S;NCHs was 27 ile% (average of 3 runs).

Additional ’runs were made by allowing the filtered sollit‘ion of SN

to warm'fo -22 and 0°. qu these runs, the yieldvqf S7NCH wés déter-

mined as a function of time. This was also done forba solution which

was codled from ~ 50°.to.0°. The resuits are‘shown in Table IV. The

resulté of the runS'pérformed on going from -63rto O6 and‘from 50 to

0° show that the yield leveled off in both instances at 3&% x l%

n
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TABLE ITT

S7MH + KOH
Temp. (°C) ‘stirring time (hr) equiValents.df:base.in solution/ ‘
o ' S-NH (mole) ’ '

-63 0.5 o . o.97
63 015 106

63 10 - 109

- _78a L S 0.25 . ’ | 0.98 ‘
-787 - 0.5 S 1.07

783 10 . 1.09

- T8 o o8
F78b. o .41.0"_:”  o N _ 0.85
780 N N -1.00

. _

- .78 - h.s - | o - 1.9

® initially at -63° for 3. min

P initially at -63° for 2 min

o - in
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TABLE IV

Time Dependence of Yields of S7NCHs

After a Temperature Change

- Time at a specific

- temperature (min) Temp.»(°C) Yield of. S7NCH; (% + 2%)
15 _ -63 | 99
30 22 90
50 22 8l
120 -22 66

- 7eq-' | 22 - 46
’_ 15 - 63 -97
5 .o &
25 0 i | Lo
60 - o ] 36
1230 - o o 3h
10 | | ~ 50 25
5 R 4
ECR o . 35
.66‘ 0 ‘ .33

1200 - o 35
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The data in Table IV can also be. 1nterpreted klnetlcally " If we
assume & first order dependence on the decreas1ng yleld of S7NCH3, we
can. plot log(yleld S7NCH3(m) - yleld S7NCH3(t)) VS. tlme.: When thls
was done for-the runs at -22 and 0°, and the best stralght.llne ap-

proximated by sight, the'folIOWing.half-times were noted: 3

Half-time (min) Temp. (°C) .
SN 0
8 g T

.
In a_separate.experiment,'a soiutioh which was warned to room temperafAv
ture for oue.hour‘and whicﬁvgave a yield.of S7NCﬁ3 of 26% was kept at
approkimately,-35° for 11 daysr The yield of S7NCH3 uas recheckeduand
was found:to be 53% (average of . 2 aliquots) | .. |

It the follow1ng yields are assumed to be equlllbrlum values (see
discussion sectlon) and are plotted as log K vs.l/T a stralght llne

is obtalned which gives AH -2.7 kcal/mole.

Temp. (°C) - Yield of SNCH; (%)
35 53
Co o ey f
20 - o7 ,v S .

' SZNH + KOH in DMSO. - It was found that at room temperature,
S-NH reacts with KOH in dlmethyl sulfox1de to glve a green colored -

solutlon.whlch in a few seconds changes to a deepvblue colored solution.

]
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After Stirring for 1-2 hours, it wéé found that the blue solution
changes'tq a'deep brown-orange colof. No further change was aetected
after an additiOnal-éh'hours of reaction. The brown-orange solution
was found to.be stable‘in a.Ng atmosphere for at least two weeks;
however,.it immediately changes colbr if‘exposed to oxygen or if water
is added. The solution was titrated with acid when the deeﬁ brown_,.
orange‘colqr appeared; The'equivalents,of»base,in solutioﬁ_per mole
of S~NH in four‘separatevexperiments was found to be h.OO,>3.97, 3.96
and 3.9&.. A uv-vis spectrum of the brown-orange'solution showed two
peaks in the visible region at 4700 and 3330 k. ;de peaks in the
ultraviolet_regionvwere not completely resolved,bbut appeéred at

approximately 2880 and 2620 A.

D. Discussion

The majority of experimental conditions tested were foﬁnd un-
suitéble for the quantitative prepafdtion of sqlufions of the'hepﬁa-
sulfur imide anion.‘ However, we did find that with KOH we could con-
vert greater than 95% of the S-NH tb the heptasulfur imide anion by
carrying Quﬁ_the‘reaction at low température and by cafefully con-
trolling the reaction time. This conclusion_is based on the éssumption
that the yield of S7NCH= upon éddition of methyl.iodide is a quanti-
vtative indicator of the species S7N_. We'believe that this.assumﬁtion
is at léast‘partially verified by the fact that under-cértain conditiohs
we do gef 100% yields of S7NCH3. Also, it has been shoﬁﬁ that S-,NH

o 3b

and CHsI do not react at 357, eliminating the ?ossibility-of the



| flkfi‘

S7NCH3 coming frdm the S,NH. Thus 1t appears most llkely that the
formatlon of S7NCH3 1s due to the specmes S7N .
The-ba31c problem in quantltatlvely preparlngusolutions of the"

‘heptasulfur imide anion is that another reaction,'beSides simple de- .

protonation, is occurring. Because the equivalents of base in solution

_per mole of S,NH becomes greater_than.l.o,_thls other reaction'is most
likely a base attack on the S7N'ring to give an:open chain species.
With KOH, the yleld of S—,N’CH3 was lOO% after 20 minutes of stirring
and then slowLy decreased. Because we did obtaln a solutlon whlch

' contalned only S7N' (and no S7NH) and because at longer times we found

that the equlvalents of base 1n solutlon per mole of S7NH 1s greater

than 1. oo and that the yleld of s7NCH3 (i.e. SN ) was decreasing, " the

attack of the OH anion in this case must be on-the S7N- anionf

Because we ‘do not flnd a. solutlon which contalns only S7N for the base

LlOH the follow1ng two p0531blllt1es must be con31dered (l) If the

attack were on the S7NH the yleld of S7N would always be less thanv-

the equlvalents of base in solutlon per mole of S7NH; (2) If the attack
were on the S7Nf,'then at very low ylelds of S7Né, the equlvalents.of
base in solution per mole of S-NH may be equalftovthe.yield of S7ﬁ-f‘
The results of two runs:witthiOH,<in whichiwe determinedlthe yield,"
of S7NCH (1 e. S7N ) and the equlvalents of base in solutlon per ‘mole

of S+NH for the same solutlon, suggest that the second hypothe81s

is correct. Therefore, our,data show that for the bases KOH and LiCH,

" the complicating reaction is a base attack of the_S7N7 anion.
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 If the decomposition reaction is a base attack on the S}N-, then

we can consider the following two consecutive reactions to he true:
1) S¢NH + 2 MOH - S7N + M + MOH-Hz0
2) SeN + x MOH - decomposition produets,_

where M = K or Li. In order to detect the intermediate, SN, reaction
1 must be faster or of about the samefspeed aé reaction 2. We find
that with LiOH and-KOH, the yiela-of S7NCH (i.e. the amount of S7N )
does build to a maximum and then siowlyvdeclines. Therefore, the de-
protonation reaction is fagter.or of about the same:epeed as.the sub-
seqnent decqmposition reaction at low temperatures,

We believe that the yeilow color:obserred at low temneratures
(from S7NH with NH5, CH Ll, LiOH or KQH) is from the S7N_ anion, and
that the anion is not blue, as prev1ously suggested.3b, Thiree obser—
vations lead us to believe that the S7N anion can be in equilibrium
with another species (poseiblyvthe blue species),. First, Olsen found
that the yield of S7NCH3 was constant over a-three dey period for a
solution of‘S}N_’which nas allowed to sit at room teﬁperature.3b_ We
have found that at 0°, the yield of S7NCH3 levels off'after the tem-v
perature of a solution of the anion has been ralsed from -62 to 0°.
Secondly, we found that a yleld of 3&% is reached at 0° when approached‘
from either a hlgher temperature or a lower temperature. Finally, we .
found an 1ncreasev1n_the yield of S,NCH; from 26% t0'53%>when a solu-

tion was cooled from room temperature to approximately #35°.
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The questlon arlses, however, whether the addltion of CH3I actuallyf

quenches the equlllbrlum | That 1s, does the yleld of S7NCH3 represent
the true amount of SN at the. tlme of addltlon of the CH3I7 The.pror'

posed reactlon scheme is as follows-

- - ka

SN — > X
R 8 ) vk—l i
CHsI | ke~ CHyI | ks
. S¢NCH5 - - . _ methyl_polysulfidesA+\other'products.

We flrst note that over the temperature range'-35 to 20° kl z_k_l‘.>
ThlS approx1mate equallty s1mp11f1es the condltlons to two 1nequa11t1es
(ke >> kl and k3.>> kl) whlch must be-51multaneously satlsfled in order

to assert that the yleld of S—,NCH3 does 1nd1cate the actual S7N present.

. Our data do not permlt us to say whether or not both of these condltlons‘

are 51multaneously met. If ko >> kl at same low temperature and if
(actlvatlon energy) > Ea;,
temperatures. From our klnetlc data for runs at -22 and O°, we can
-estimate,that Eq, =412 kcal/mole,-.The actlvatlon energies for‘the
reaction of methyl ibdide'uith CQHSO-' Br~ s 8203 ,'and o, m, and p-
CH305H4O are all known9 and all fall in the range 18 8 (3203 0 -
21.4 (Br ).kcal/mole. It is plau81ble then that E >'Ea1” It 1s_

more difficult t0‘speculatevon E because we do not know‘what the,

a3’ _
species X is (our best guess is some open chaln spe01es) However,.b<
there 1s an 1nd1catlon that elther one or both of the conditions 1s»

not true_at temperatures above ~ 20°. ThlS is because the yield’ of

then k2 >> kl would be true at all hlgher

-
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S7NCH et room temperature was é?%, aﬁd approximately the same value
was found for higher tempefetﬁres. Therefdre, we can oniy assume that
our data from -35 to EOb.give us the true equilibrium value, and in
order to pro?e this aesumption,’further experiments need to be done.

The reaction of S7NH with KOH in DMSO stOps when the equivalents.
of base in'selution per mole of S-NH is 4.0. Howeyer, the species
in this solution have not been identified. The species are probebly
'interest;ng intermediates in the base decomposition of S7NH_and sheuld
be inveetigated.further.v

Although we have shown that solutions of_the'hepta.sulfur imide
anion can be quantitatively prepafed, theif usefﬁlness is.at-least
vpartially limited by their difficult preparation and equilibrafion at
ordinary temperatures with a seemingly equally reactive species.
However, several reactions‘have been investigated, and some of these

are reported in the next section.



(1)
(2)

(3)

()
(5)
(6)
()

(&)
(9).
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- II. - REACTIONS OF.THE HEPTASULFUR IMIDE ‘ANION

A. Introduction

In section I, we reported various experiments leading to a success-

ful method for quantitative preparatidn of solutions of the heptasulfur

imide anion (S,N ). In this section, we report the preparation of three
new heptasulfur imide derivatives by reaction of ClCOgCgH5, C1lCO=2CH=CeHs
and C1Si(CHs)> with solutions of S7N made with LiOH. or KOH. We also

briefly describe the results of the reactions of éeveral potential

‘reactants With.S7N-,<whichveither failed to react or gave unstable

products.v

B. Experimental

Reagents and procedures. - Ethyl'chlorofqrmété, benzyl chloro-
formate, boron trifiuoride ethei complex, antimony ﬁfichlofidg,ﬂﬁri-
ﬁethylchlorosilane, and trimethyl tin ghloride Wefe dll reagent grade
chemicalsvand were used,without fuither purification. Standard.
methods wefe used in thevpreparation of B(CH3)3l andv(C5H5)2T1C12.2
Pyridinévwas dried with.KOH'and.distilléd; Reagenﬁ'grade carbon‘di_
sulfide ﬁnd'carbon tetrachloriae were ﬁsed. Spectroqualityfhexahe
was used without i\irther purification. |

Solutioﬁs of S7N " were prepared from S7NH (0.2-0.5 g) and powdered
| 3

KOH (2-4 g) in an apparatus similar to that described previously.

After stirring for 15 minutes, the solution of S7N- in THF»(15-25 ml)
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was”filtered;v'The non-volatile reactants, (CsHs)éTiCle;JSbCl$,for
(06H5)3SnCl were each dissolved in THF and added dlrectly to the S7N
-solution,_which was cooled to -78°‘_ For the volatile reactants, BF .
_-ether, (CH3)381C1 and B(CH3)3, the vessel containing the S7N solution '
was first evacuated on a vacuum line, and then the reactant condensed
in,.while-the vessel was held at s78° with & dry ice—acetone bath. ‘Inz '
all cases?_the‘reactionrmiiture was held'atv-78ftfor 5-l5 minutes with
occasional agitation.‘ Thevvessel.was them.warmed to'room temperature;h
and, after 15-60 minutes, the THF and excess volatile reactant were -
removedﬂby pumping tovleavehthe crudevproduct.

In the reaction of S7N- withvBF3;ether,'20 nl:of'pyridine was
condensed into thehvesselbcontaininé‘the crude product. Avportion of
the crude product was insoluble in the pyridine. The insoluble . material
- was quickly filtered in. the a1r, and the white solid collected was
washed w1th acetone.. An 1nfrared spectrum of a NuJol mull of the white

.

solid was recorded and was 1dentical to that reported for KBF4. From

0.22 g S7NH, 0.11 g KBF4 were recovered correspondlng to O 93 KBF4(mmol)/[ '

S7NH(mmol); In one Case, methanol.VWas_added to the filtrate and after
evaporation.to a,small3volume.(& 5 ml), a solid was collected hy filtra-
tiontand identified’as S7hH from its infrared spectrum. In ‘another
experiment, the filtrate was first brought to dryness by evaporatlng
the pyridine. The res1due was treated w1th CCl which was then de-.

canted and evaporated to a small volume (2 3 ml) Again, the solid
pre01p1tate was'isolated and identified as.S7NH. ,In‘both eXperiments,:
a water solible white solid vas isolated from the filtrate (solid was

soluble in methanol_hut.not in C€Cl,) but was not identified.

e
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qu‘preparatioﬁ of the derivatives S7N002C2H5‘and'S7N002CH206H5,
an all-glass appafafus was ﬁsed. This coneistedrdf e 100 ml foﬁnd
bottom flask with an extended neck (ca. 25 cm) which conéaiﬁed a fritted
disc} The fritted disc was 20 cm below the top of the neek. A second
" tube (25.em long and 10 mm qd) was attached to the top of the flask at
a slight'engle_(~ 20°) to the neck. 'The apparatus could be  flushed
with N> through a side-arm attached 2 cm from the top of the neCk. A
solution of 'S7NH (.2-.5 g) in THF (25 ml) was then passed into the
flask through a column of anhydrous LiOH as described in section I.
A 10-fold excess of ClCOgCHngHsnor C1C0=C2Hs weslthen_pipétted through
the second tube into the solution.confaining S7N , and the flaSk was.
agitated. After 5-15 minutes, the reaction mixture was poured into a:
flask, from which fhe solvent and excess reactant ceuld'be removed by
pumping ﬁe leave the crude produeti

Pufificafioh and eheﬁical ana%xsis.—v The producf S}NCCgCHéCsHs
was purified by first adding CSz (20 ml) to the crﬁde product and
filtering the mixture. The filtrate was saved and the CSz2 allowed to
evaporate. The‘remainieg residue was recrystalliied twice from lQ-ml
of a 9:1 CSg:hexane solvent. The resulting_white precipitate Was
colleeted and meltedveharply at 98-99° (uneerfected); . The yield;was
0.10 g (25%) from 0.28 g S;NH. Anal. Caled for S;NCO=CHzCeHs: C,
25.72; H, 1.87; N, 3.75; s,_6o.69. Found: C, 25.68; HQ 1.965 N,
3.90; s,i6o.2u. | ’

The product S,NCO2CoHs was purified by first adding CSz to the

crude product and filtering the mixture. The»filtrate was saved and
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the CS2 allowed to evaporate. A b01ling 9 l hexane CSg solvent was“‘
added to the remainlng re51due, and the solution was then decanted.
The soluble fraction was saved and after evaporation of the solvent'
to~1 ml a yellow llquid, whlch wa.s more dense than the: solvent
separated from the solution. The_solvent was then decanted and_thezt
process repeated until the 1nfrared spectrum offthe.yellow liquid
showed the'ahsence of'a peak at 3330 cm'}i The yield was 0.20 g
(45%) from 37g san."Anal.' Caicd for S}N002céﬁs:_ ¢, 11.56; H
1.61; N, k. u9, 8, 72 o7. iFound- c, 11. 43, H, 1.53; N, 4. 61; S, 72 18.
The product S7NSl(CH3)3 was dlssolved by additlon of 20 ml of &

50:50 hexane CSg solvent or CCl4 to the crude product in a dry box.»
The 1nsoluble material was flltered from the solution. Upon evapora¥
tion of the,filtrate to a volume of_2-3 ml,‘a solid precipitate'was
observed;"The'solid was filtered off”and:identified:as SfNH hy its
. infared spectrum The filtrate was saved and upon evaporation ylelded
a yellow liquld. We were unahle to induceothis yellow liquid to
crystallize or to purify it bv sublimation or separation of.a pure-.
liquid phase by cooling'or-addition of another liquidr:'However,_we‘
were able to remove the'remaininng7NH, as‘determined from the‘dis-

appearance of the peak at 3300 cm -1

vin the 1nfrared by coollng a
hexane solution of the yellow liquld to -78° and collecting the filf'

trate. ,The'yleld-was»o.io_g,(is%)_from 0.50 g S7NH. Anal. Calcd .

for S,NSi(CH5)s: C, 11.55; H, 2.89; N, L4.L9; S, 72.05,p'Found= C,

14,98, 13;91; H, 3.09, 3.08; N, 4.39; 5, 70.7h.
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;Efﬁ%:SQNEEEEEEQ"  Infrared spectfa were‘recofded with ; Perkin-
Elmer Modelfl373 Infracord Speétrophotometer. ‘The following lihes were
obéervéd.for a neaf‘sample df'S}NCOgCHgCH3 préssed bétweeﬁ:two NaCl |
plates (em™ # 10 cem™): 2967(m-s), 292u(sh),,1730(s), 1456 (m) , 1437(m),
1389(m), 1364(m-s), 1292(m), 1208(vs), 1111(w), 1096(m), 1053(m),
999(s), 985(s), 926(m), 834(m-s), 801(m), &and 758(;). The follcwiﬁg
" lines wéré observed for S7N002CH205H5 dissolved.in-C82, excebt’fbr»the
peak at 839 cn™! which was seen in the Nujol mull (cm™ ' £ 10 cm’¥):.
3030(w-m), 2941(w-m), 1739(s), '1376(m),, 1250(sh), 1199(vs), 1043(m),
1031(m), 1005(x), 976(m), 952(m), 917(w), 839(m), 755(s), T4i(s),
694(s). Other peaks were hidden by the CSz. The following lines were
'oBserved;fbrva neat sample of.S7NSi(.CH3)3 pressed’bethen two NaCl
plates (em™ £ 10 em™'): 2959(w-m), 2899(sh), lﬁOl(w), l36h(sh),
1248(m-s), 87o(vs), 8k2(s), 793(m), 756(w-m), and.685(w).
l.H nmr spectra.- The samples werevdissol§ed in CS2, and the
spectra were recorded with.a Varian T-60 spectfomeﬁér. All chemical
Shifts_are given réiative to internal TMS and are to low field of TMS.
For S7NCO=CzHs, a triplet centeredrét 1.33.ppm and a_quartet centered
at 4.22 ppm were ébsefved.f The relative intensify of the triplet to"
the quartet was 3ﬁ2,'ﬁith JH-H = 8 Hz. For S7NCOgC3205H5, two singléts
were observed at 7.27 ppm and 5.16 ppm. Their relative intensities
Wére 5:2, indicating that the lqwer field singleﬁ is from the protons

" on the phenyl group. For S;NSi(CHs)s, a singlet was observed at

0.33 ppm.
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" Mass spectra.— The mass spectra of S7NCOgCgH5 and S7N31(CH3)3
were recorded at 70 eV with a Consolldated Electrodynamlcs Corporatlon
Type 21- 1030 mass spectrometer. The mass spectrum of S7NC0202H5 gave
the follow1ng peaks (peaks < 44 of the most lntense peak are not glven)

(m/e, relative peak helght and a551gnment respectlvely) 315, L4,

34s2v‘sscogcgﬂs ; 313, ok, *s? ssmcogchs 3 312, 7 3333236N00202H5 E

311, 75, > S7NC02C2H5 s 260, 4, *s 232s6+; 258, 18, 3ts%2s,%; 257,
L, 33832s7+,' 256, 53, 325, 2k, b, *28sNC0C2Hs 5 239, ¥, “Zs,mH
(imp); 215, 7, 2%s,NcooCalis®s 194, 4, %5%%s.%; 102, 11, P25ty 162,

26, 34332s4+, 161, 6, 33s%%g,%, '160,'100, 25 % 151, 4, 3232N00202H5f;

6 34 32, t+ 32 +
3

6, °= S35 129, 4, na;- 128 26 A

1"*3: Oy S4NH : (imP)S 130,

119, 6, “SNCO2CzHs'; 111, 7, ®S,MH’ (imp); 107, 5, >28aNCaHs;

32+

97, 6, ma; 96, 15, *s,"; 93, 8, 25.c2Hs"; 80, b, 34s32sm*,' 78,

| - S -
225o0; 75, 13, SNC2H5 5.3, 6, cogchsg, 66, 6, >*5® s

33, |
65, u' na; '6h"56 3232+, 61 5,32802H5+; 58',8 MOz, 0020H2 o
57, h coczHs'; L7, 9,323NH (1mp), , 8, 32g u3, 22, NCsz , CoCH3 ;
32, 20 325*, 02" 3 29, 65, Csz ; 28, 50 02H4 A co’ H 27, 11, c2H3 ..
The follow1ng peaks.were observed for S7NSI(CH3)3 (peaks < 3% of the most

1ntense peak: are not glven) m/e,~relat1ve peak helght, and as31gnment,

respectlvely): 315, 3, 7%5,%25oNsi(CHs)5 3 313, 17, 7*5”®seNSi(CHs) 53

312, 7, *%s 3286N31(CH3)3 ; 311, 46, s Nsi(CHz)s's | 258, 8, 34725+, 5
+ . + - . |

256, 20, 238" 2h9, 3, > sms;(cnz,); 5 2L7, 13, *ZS5NSi(CHs)s;

239, 6, 225,NH (imp); . 229, 3, na; 226, 3,,3236343+ 22k, 10, 32g.%;

220, 11, na; 215, 8,‘3284NSi(CH3)3 ; 206, 8, na; 205, 26, na; 19k,

11, *%5%%55%; 193, 5, nas 192 Bk, ?255T5 191, 35, ma; 183, 12,

[
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. + - . + -
225sNSi(CH3)3 3 177, 5, na3- 168, L4, 28sNsi(CHs)z'; 162, 6, >*5°2s.”;
- " + S
160, 23, 2285’ 153, 9, “*s7PSNSi(CHz)s'; 152, 3, *Z82N°"Si(CHz)s
151, 60, *25onsi(cHs)s"; 138, 6, >*s™swei(CHs)2"; 137, b,

. + o o + o
3240 %s1(cHs) 2ty 136, 39, P2seNsi(cHs)2'; 130, 5, *s2sst; 108,

10, 28475 121, 9, #SNSiCHs ; 120, 11, *25w°%si(cHs)s'; 119, 100,

e | . |
>29NSi(CHz)5 3 109, k4, 34SB2SSlCH3 ; 107, 19, ~2828iCHs ; 105, 5,
. . | . N . |
2ssi(CHs)s 3 96, 5, *°S3 ; 90, 10, *%sSi(CHs)z ; 86, k4, na; 75,
10, 22SSiCHs ; Th, 5, > SNSl+, 2951 (CHs)5'; 73, 64, Si(CHa)s'; 6,

?285"; 45, 5, na; 43, 5, SiCH5 . Na means that those peaks so

15,
designated were not assigned. Imp is noted after fragments which are

from S,NH.

C. Results and Discussion

In eiploratory experiments,_ﬁe found thaﬁ when.gaseous COé is
added td solutions of S}N-;_a white solid ihmediateiy preeipitetes.
Because wé found that COz was evolved upon.addition_of 6 M HCL to the

“white solid, the compound.is thought to be K S,NCOz . However, this

. compound‘decomposed upon warming to 0°, and was nqt characterized o
further. Becauee of the formation'of S7NCOé-, we ﬁhoughf.that stable
derivatives of the formula S7NCOgR mlght be prepared. This was indeed
found to be true for the compounds S+NCO2C2Hs and S7NC02CH206H5 which
were stable in air for at least two weeks. The structures for these
two derivatives have been assigned on'the Basie of chemieal anal&sis,

IR and "H nmr spectra, and in the case of S7NCOzCxHs, a mass spectrum.
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We believe that these two derivatires are examples of a generally -

applicable reaction, i.e.:

“SsN” + ClCO=R .- S7NCOéR +c1”

The yellow llquld 1solated from the reactlon of SN~ w1th ClSl(CHz)zv

in THF was as51gned the structure S7NSl(CH3)3 based on the observed

1nfrared g nmr, and_mass spectra. A comparlson of the 1nfrared

frequencies for (CHs)2NSi(CHs)s, HCHsNSi(CHs)s, along with their assign-

ments, and our compound is shown in Table T. We note from Table I
that except for the peaks attributable to a CHN or an'NH group, there
is a very close'COrrespondence of the spectra; The only definitely
‘non-corresponding peak is_found”at 793”Cm l, whlch 1s typical for a_
S-N stretching frequency; The H nmr chemlcal shlft for the compound
_S7NSi(dH3)3‘occurs in‘the same region as that of knoWn Si(CH3)3 resoa
nances.6 The s1mllar1ty of the fragmentatlon patterns of S7N00202H5
and the yellow llquld along w1th the observed parent peak at m/e =_3ll'
confirm the 1dent1f1cat10n of the yellow,llquld as S7NS1(CH3)3._ The -
chemical analys1s can be explalned by assumlng a mlxture with ll% of a
' compound whose empirical formula is C39H53$26N3 (C, 13. 9& H, 3. 07,

"N, 4.33; S 70 67). Most of the unass1gned peaks in the mass spectrum' :
could bevattrlbuted to a compound of emplrical formula 81209H2402 or
SigC9H24S.‘ The 1mpurity may also be from decomposition of the product.

~ We noted in one of our samples a small proton resonance at l 18 ppm

This peak was observed to 1ncrease signlflcantly (~ o fold) after the

sample had been washed w1th undried acetone. Some S7NH wa s then found A

Ty

e

v‘).
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" TABLE I

Comparison of IR frequencies observéd for

S7NSi(CH3)s, (CH3)2NSi(CHs)s, and CHsHNSi(CHs)s

§,N51(CH3) 3 (Chs) aWSA(CHs) s> CHANGA(OH3)5®  Assigament?
(em™) (ew™ () ] |
:3u22(w) Vﬁ_H
2959 (w-m) 2959'(S) 2956 () vaé_CH3(Si)(BD |
2899 (sn) 2895 (sh) 2896 (m) Vs cus(si)
2845 (m) 2809 (m) R
2790 (m) f k ()
1452 (w) | ®as cH5()
1401 (w) 1408 (vw) 1430 (w) . | |
136k(sh) o 1'37i+ (m) § | as Cis(51)
- 1282 (s) )
1248 (m-s) 1253 (s) 1251-($> g s CH#Si)
1173 (m) o Ps CH3(N)
11070 (w) 1101 (s) YN-C or N-Cs
99 (s) - |
870 (vs) - 851 (ssh) 866 (s). VN-51-C3
8&2'(5): | 832 (vs) 836 (vs) pcH:(éi)
793 (m) f '
756 (v-m) W6 (m) 758 (m) PeHs(s1)
685 (w) 672 (s) 679 (W) Vas 81-Cs

& assigned in this work
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in the acetone wash, which is consistent with a decbmposition reactidn.

It is difflcult however, to speculate further on the nature or orlgln

of the 1mpur1t1es.

Be31des the above reactlons, reactlons of S7N ‘were also tried With

BF3 ether, SbCl3, B(CH3)3, (06H5)3Sn01 and (05H5)2T1012. Reaetlon

| occurred with BFs-ether and SbCl,, as evidenced by_thevdisappearance ef
the deep green coler of the solutions; hewever, in neither case'were
we able to ieolate e stable pioduCt. In the reactlon w1th ‘BF -ether,
we were able to identify K+BF4_ as one of the produets.‘ It was found
that reaction did not occur withvB(CH3)3, (C5H5)3SnCi,kor (C5H5)2TiClg
.to any apprecietle exteﬁt,VPOSSibly because of steric'hindrance in the
latter two:caSes. However, steric hindrance_is ﬁbt a completely satie_
factory‘exbianetion fof the nqn;reaction'dbsefved:with B(CHs) s, ana
further stﬁdy offthe reaetions of'S7N-_with BX compoﬁnds would be

helpful.

LR
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Appendix

Details of the reactions mentionéd iﬁ'section'Ii are préSenﬁed
_ here. | | | )

SiN; + COz2.- The solution of SfN- was ﬁéde by passing 25 ml of
THF, containing 0.3 g s-}NH, £hrough'a" éc:.lu‘mn'vof KOH at -63°. The
apparatué'ﬁsed WasvtheISame as that described.invseétion_II. An
atmosphere of gaseous COz was then admiﬁted into the system, and av
white precipitate was'immediétely noted.. The solid was filtered at
low temperature in a ﬁube'whi¢h was sealéd at the bottom and was
immersedlih a cold Bath. This.tubé could be closed at the top by
stopping it with a sleeve joint comnected to a stopcock. The tube
contained a fritted disc ahd a sidearm below thévdisc which was c§n—
nected.to a facuum line. Affer filtration, the solid was transferred -
in a dry box to a_tubé.which was stoppered with alsfandardfsieeve jéint '
connected to a stOpcock.' The tube was evacuated on a vacuum line, and
6 M HC1 (1-2 ml) wasvcéndensed in. The CO2 evolved was separated from
HC1 by passing the mixture through a trap containiﬁg yellow HgO. The
amount of CO> was then determined by pvf-méaéurement_and the gas iden--
tified by -its mass spectrum.v Sulfﬁr was determined by a standard
gravimetric mgthod.Y_ In Qne‘?un the ratio of S/C0z was.found to be
7.4. The white solid tﬁrned_blue.when warmed to 0° and was not'studied
'furthér. .. |

ng: + g05§§g2T1012.- Fbr'this;reactibn dnd.the;remainder_of;theb'

reactiohs described in this appendix, the solution of S7N- wds made
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ahd.the reECtanﬁ'addéd as deséribed ih Section-iI;v”Csz was addéd to

' the crude ﬁrbduct,'and'ﬁhéjmixture was fiitered.f Aft¢r-the‘csg'was..-
evaporated, thé'feéidué was mixed With a:hoti9:1-hexane:CSQ so;Vent; 
The solvént was decanted and'sloﬁ}y evaporated. _Aftet'evapofation to
a sﬁall vdlume (l-é-ml), a'solid'was'collected-by filﬁratiqn and
identified.as S7NH'bj'its infrafed spectrum. -

ST+ (CgHE{QSnCl.f"CSg'was addea to the crﬁde produét, and the
mixture was filtered. Affér'the‘CSQAWas evaporated, methanol was added
to the residue;' The solid which was‘nbt-soluble in the methanol was
identifiedras S7NH by its infrared sﬁéctrum. The white solid which
crystallized_ffom the methanol_was identified_as_(CéHs)zanl‘by cdm-"
parison of.its infrared spectruﬁ wiﬁh'that_of a”known sample of‘
(06H5)3Sn01.  A very'small‘émqunt‘of 8 yellow oii ﬁasvnoted after

v

evaporation of the methanol, Its infrared speétrum'showed_two hew  -
peaks.in thevfégion‘750—800,cm'¥; hbwever, thé.yiéld was so small that
the unknown.could;nqt bé-purified,_

SN + SbCls. - When the crude product was exposed to the éir,_
the éolor of thefrésidue iﬁmédiatel& chéﬁged, and this feaction:was '
not sfudied further. | | |

SN + B(CHz)3. -  Afté: allowingvthégreaCtants to sit at room
temperaﬁﬁ:e fof‘lS minutes, the Sdlvent (TﬁF) énd gﬁyuunrea¢téd B(CHz)3
were pumped through a:e78° tfap intoa.—196°Atrap;' The THF ﬁasvheld‘in |
the ;786 trap. After repeating this separation, the.amount'of'unrégctgd
B(CH3)3:Was deterﬁinéd,by pvt mgasuremeﬁts.‘ Thé'améunf'recovered (.Qﬁ .

mmol) was 98% of the amount started with (.96 mmol).
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III. THE REACTION OF HEPTASULFUR IMIDE WITH DIBORANE .

(A_pdper-by M. H. Meﬂdelsohn andfw; L.'Jblly, sﬁbﬁitted‘to Inorganic

Chemistry) .

A. Introduction

‘It is known that heptasulfur imide régcts with boron trichloride
anq_borén ﬁribromide,tb give_S7NBC;gl and S7NBBré,?_respecti§ely.' Iﬁj
this note_w¢1rep§rt ﬁhéirégults of our stﬁdy 6f the reaction of hepﬁa; '
sulfuf imide with dibprane.”‘This study was undertaken to determiné
whether ghe reaction gives an anélogbus prdduét (S7NBHz2), a borane
adduct (S7NBH5), or a diborane derivative such.és'sfﬂBgHs,

B. Results and'Discussioni-‘

Thefreaétion‘Gf:hépﬁaéﬁlfurZimidéIWith”dibofane was ¢é&fi€d out in
various éthef.36iiehts;'éf_eithér rdomitémperéﬁure ofiat O°: _The eiperi-
mental'reéﬁlts, summarizéd in Table I, show that, Qith diborane in
excess,'one-half molé of diborane réaété pér-mqle'of.S7NH-énd‘£hat one
-mole- of hy@rogen is formed per ﬁolé of'S7NH.:”This stdichiometiy cor- '

responds to the following reaction:
.S7MH + £ BaHg » SoNBHz + Hz

When the reaction is carried out in diethyl ether at 0°, some:of'
the product_precipitates as a white, érystalline ether adduct,

S+NBH=*Et=20. Similar adducts can:be obtaineduf?om]the_other ethers -

£
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TABIE T

Stoichiometry of the Reaction of S,NH with BzHg

(@]

d

traces of Ho stiil being evolved, due to slow decomposition
-stopped purposely to pump out excess BzHg
listed as Hz/BoHe

Solvent | " Temperature, °C S7NH, mmol  BgHg, mmol - measured time of  BoHg consumed S-NH
i A ' ' ) Ho/S7NH meas.,hrs . :
monqgiymegv .23 0.288 Cou 1.11° 17 0.49‘
monoglyme - 23 . 0.99%2 - 0.72 1.35°  6h.s .-
monoglyme o 0.57% . 0.516 1.0° 66 . 0.495
23 ' : _ 1.15° . 2l
CHE® 23 | 0.386 0.356 0.9 67 0.505
THF 23 | ©0.616 0.50 1.13° . 65.5 -
THF 23 0.567 0.264 109>t s -
THF 0 0.611 ©0.593 1.2 ko7 0.52
THF = o 0.302 - 0.0716 13124 978 --
dioxane 23  0.505 . 0.633  2.20° - 319 -
”diethyi_ethera 0 0575 0.292  0.98 260 -
: reaction-mixture not stirred

_EE_
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by vacuum evaporation of the solvent and removal of excess diborane. n
The compounds undergo fepidbhydrolysis with excess water at room

temperature, as follows:
' SyNBHz'ether + 3 H20 - S;NH + B(OH)s + 2 Hz + ether

TheillB'nﬁ} épeotrom of>é7NBHé in dietﬁyi etﬁer eolution_eonsiste
of a i:2:i‘ﬁriple£,due'ﬁo eoopling ﬁith,the‘two pfofomsvof the BHo
group.. The Raman spectrﬁm of}thepdiethyl ether adduct has lines.at ‘
. 2419,andvéh09 em;l, ehareofemistiedof:terminai BHé groups, and'liﬁes‘
at 766 and 750 cm 1, typlcal S~ N stretchlng frequenc1es.

As can be noted from Table I, the only products that were stable
(as determined by hydrogen evolution) were_those-obtained from_diethyl
ether and tetfehydrofoman; 'Thebdiethyl ether edddct'iS'stable'et room
temperdthre'in‘the'ebSence'of air.and_moistUre, and the produet from
tetrahydrofﬁran is stabie{atvOf;v.Hydrogen, hydfogen sulfide; and'ether'
were identified'as decompositionﬁprOdﬁcts of fhevtetreﬁydiofomehpand
monoglyme adducts at room temperature._' |

A white solld pyridine adduct S7NBH2 CSHSN was 1solated from the.

"reactlon of S7NBH2 Eth w1th pyrldlne.- Pure samples of this compound

were stable 1ndef1n1tely in vacuo at o° and could be. kept in an ordlnary

 closed bottle -at room temperature for as long as 5 days w1thout decom-v'”

pos1t10n._ However, 1mpure samples decomposed w1th1n a day or . two..

When the reactlon of heptasulfur lmlde and dlborane is carried out '

with an excess. of S+NH in- tetrahydrofuran at O° the'reactlon does not

stop w1th the formatlon of S7NBH2, as evidenced by the continued slow
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evolution of hydrogen. Presumably the folldwingvsubsequént reaction
occurs:

S;NH + S;NBHz - (S,N)oBH + Ho . .

however, ﬁhe reaction was incomplete after 1 month and was not further

studied.

C. Experimental Section

Réagents-ahd Erocedure.- Heptaéulfur imide was prepared by the
usual mephod3 and was purified bj'ohévrecryStallization from methanol
followed by repéated’recryStallizétions ffbm carbdﬁ'tetrachloride until
the solutioﬁ$ were colorless and the salid melted at 113-114° (lit.
113.50).h _The'infrared spectrum agreed with fhét reported in the
‘Zl.itera.ture_.)-+ Diborane Wa”.s‘ma.de by the reactiqn of ‘potassium borohydi'ide '
with phospﬁorié acid5 and pﬁrifiéd b& vaéuum‘distiliation throughva
-112° trap. Tetrahydfofuran, diethyl ether, and diokane were distilled
from lithium aluminum hydride immediately befofe use. Mbnoglymé_(l,e-
dimethbxyethane) was distiiled first from calcium hydride and then ffdh _
lithium aluminum hydride. Pyridine was distilled from potassium
hydroxide, and carbon tetrachloride.was distilled from_phoSphorﬁs
pentoxide._ |

Appfoximatexy 10 ml of solvent was vacuum-~distilled intb g 50-ml
flask containing a known weight‘of heptasulfur‘imidé.' A knqwn amouhﬁ
of diborane was condensed into the reaction>Vessei, and the Qeséel wés

allowed to warm to either room temperature or 0°. At various times’the'

-



. ;36, :

evolved hydrogen was;collected using.a foepler pomp; measured in“a gas’
buret,land identifiedrbyfnass'spectroscopr:;To isolate the crYstalline__
product S}NBﬁg-EtzO, an all—glass.svstem was employedt ‘The apparatus
was sealed off after addltlon of the reactants and wasvprov1ded w1th a
break-seal for removal of hydrogen and a side arm for washing the product
bv decantatlon. The product was then removed in a dry box. éggl.

Caled for S7NBHz'CeHio0 : c, 1k, 76- H, 3. 69; N, 4.30; S, 69.01.

Found: C; 1h. 86 H, 3. 695 N, k.l5;.8, 68. 68.

A sample of S7NBH2 prepared in tetrahydrofuran was treated w1th a’
500-fold excess of distilled water. .The evolved hydrogen was collected
and'measured as described above. ‘The precipitated S7NH was collected by
filtration, air-dried, and then weighed It was identified by its
infrared.spectrum 4 The borlc acid formed was determlned by a standard
double tltratlon method. 6 Anal. Calcd for S-NBH= prepared from 0. 386
mmol of S7NH ; Hg, 0.772 mmol; B(OH)3, 0.386 mmol; S,NH, 0.386 mmol.
Found: He, 0.773 mmol B(OH) ,, 0.393 mmol; S7NH 0.31 mmol. |

Raman spectrum.- lhe following lines were observed for the'diethyl
ether adduct.(cm°l 3 cm“l){ 296§(w); 2930(w-m), 2419(w) , 2&09(3h),
1&71(w),,ih52(w-m), 1hh2(sh), 1324(w), 1181(w-m), 1091(w-m), 1005(w);
87o(w-m), 851(sh), 832(w), 766(w-m), 5o(w-m), 602(m), h76(vs), 458(m),
u37(m), 292(s), 251(m), 213(vs), 20l(s), 178(m), and l53(s) The Raman
.spectrometer cons1sted of a Spectra Phy51cs 125 hellum neon laser w1th
llne-fllter (35 mW) and a Spex lhOl monochromator equlpped w1th an ITT

FW-130 photomultlpller tube.'
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Nnr sRecffa.- The samples for the *'B mmr speétra were prepafed

" and recorded in 12 mm od tubes containing diethyl ether,’in which thé
compound is only slightly soluble. ‘For this.reason.the'spectra were
cbﬁputer-averaged‘over'10-150 scans. The spéctrﬁi consisted of a 122:1.
triplet’éentered.33.5 ppﬁ upfield from an'external réference peak of
boron trichléfide; with JB-ﬁ =‘l36:Hz. A Varian’mOdel'Vh3ll high reso-
lution nmr\spectrometer operated at 8.13% MHz was used for the bbron
spectra. : Proton spectra of samples prepared from.monoglyme and‘diethyl
ether were recorded in CSz using a Varian_A-6O spectrometer. ~Although
fhe samples decomposed in-CSe, the spectra did indicate thevpreéenCe of
the coorqinated ether. Fbr the samplé from diethyl ether, a triplet at
1;98'ppm and a,qﬁartet at H.75_ppm, relative to TMS; were observed, while
from mqnéglyme‘two singlets at ﬁ.63 ppm and h;67 ppm and a complex pat-
tefn centered at‘h.87 ppm Wéfe notéd,' The cémplexity of,the‘latﬁer

spectrum indicates that only one of the oxygen atoms of monoglyme was

coordinated to S-NBH=.

" X-ray diffraction.- Some preliminary X-ray diffraction data on a
single crystal of S,NBH»°C4Hio00 corfespond'tovthe space group Pmma and

the unit cell dimensions a = 15.80, b = 13.16, and c=6.75 R.

.Pregaration and chéractefizaﬁion of'SZNBH2°C5H§N.— Tﬁe pyridine
adduct is prepared By addifioﬁ of excess, dry pryidine‘to the solid
S7NBHé'Eth. The solution is evaporated to & volume of 0.2-0.3 ml,
and dry CCl4 is theﬁ added. A white solid is precipitated and is washed

with a small dnpunt of chilled CCl,. The infrared spectrum of a Nujol
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mull recorded with a Perkin-Elmer Model 137B Infracord Spectrophotometer

‘ cons1sted of the follow1ng peaks (em™t

ibiO cm'i): 2415(m), 2353(Sh),
.l6l8(m), 1186(m), 1157(w), ll39(sh), 1131(s), llOO(m-s), 1025(w), 1013(w),- oo
- 977(W) > 961( Shv) ’ 953(m) ’ 91"'3(3) P) 929(W) ’ 917(m) P) 775 (m) » 768(m) ’ 751(5) » |

687(S). A'sample ﬁelting at 87 5488°‘ﬁas analyzed. Analvv Caled for

“

S NBHz* 05H5N o Cy 18 17; H, 2. 1h N, 8.48;'s, 67. 92; B, 3.3. Found
c, 18 97, H; 2. 08; N, 8. 62 S, 67.98; B, 3.2 (as A B20sx res1due)
proton nmr' spectrum showed the protons on the pyrldlne ring, but we were

unable to see the protons attached to boron.

Ackncwled%gent.- We wish to thank Dr. Jemes:Scherrer at the U. S;
Depertment of Agrlculture Western Reglonal Research Laboratory for - L~
recordlng the Raman spectrum, Dr. Allan Zalkin of the Lawrence, Berkeley
Laboratory for the X-ray diffraction data, and Dr. James Neely and John

Illlge for recordlng the _B/nmr spectra.
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IV.. PRELIMINARY INVESTIGATION OF THE REACTION OF S4N4

- WITH AlCl5 IN NITROMETHANE

A.  Introduction

" The reaction of SN, W:Lth 100% H2S0, has been studied by Lipp and
Jelly.l 'Alﬁhough_eeveral‘producfs of fhie reectien were identified and
quantitatirely deternined,IoneImajorusPecies remained ﬁnidentified;,

The uv-vis specfrnm of the unknown species was obserred; however,'ail
attempts to 1solate the spec1es from solution falled..

It was dec1dedl therefore, to study the reaction of S4Ng w1th aluml-
num trlcnlqude in nltromethane., Previous work with AlCl3 in nltromethane_

2,3 as is sulfuric

has indicated that this is a strong oxidizing system,
acid. If SN, were ﬁo_giVe’the same species in a solution of aluminum A
trichloride in nitromethane as it does in 100% HzSO,, the possibility of

isolating_theiunknown species would be much greater'because'of the .

greeter volatility and lower viscosity of nitromethane.

B. Experimental

Reagents and greCedur .- Reagent érade aluminum trichloride Wes"
pﬁrified‘by sublimation. .Reagenﬁ.grade nitromethane was washed with 5%
H2804,.diétilled-seVeral times from CaClz, and stered over CaS0,.
,Spectroquallty nltromethane was used w1thout further purlflcatlon
Reagent grade ammonium chlorlde was used without further purlflcatlon
~All manlpulations were carr;ed qutleither in a vacuum line or in a‘I

dry box.
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~ Nmr spectra.- Proton spectra were recorded with a Varian T-60
spectrometér; No internal reference was used because of the possibility
of reagtioh.

Uv-vis sEéctraL- Samplesvwere.pipettédvintota Oflh-mm quartz cell

- which was then stbppered. The spectra were recofded'from 6400 to 3000 R |
using a Cary l&zspéctrbphqtbﬁeter. Tﬁe spectra shown in Fig. 1 are of a
6 x 107 .M solution of S,N, in nitromethane ‘cb'nfaining 1-2% AlC1, (by
@eight). ‘The spectra were recorded 0.5, 12, 2#, and h8 hours after
mixing the reactants. Peaks were'obseryed at the following waveleﬁgths
(R £ 20 R): U660, 3900, and 3250.

Esr spectra.- Samples were héid in capillary tubes, and the spectra
were recorded with a Varian L4502 séectrometér. .For a 0.0l_M'solution of.
S4Ny in nitromethane cohtaining'l-E% AlCls, the five-line spectrum shown_
in Fig. 2 was observed. For this spectrum, g = 2.0111 £ 0001 and the
hypeffine splitting constant‘is'3;20 gauss.

Isolation of crystals.- The following procedufe was used to obtain’
crystals from a solution of S, N, and AlCl, in nitromethane. The minimum
amount of a ca. 2% solution of AlCls in nitromethane was added to dis-
solve a known quantity of S4N4 (~ 20 m1/0.5 g S4N;)., The volume of the
solutién was reduced to ca. 3-4 ml 5y pumping. The remaining solution-
was cooled to 0°, and some crystals we:é noted,f An additional 0.5-1.0 ml
of solution was then sldwly removed by ?6ndensation_into a -78° trap,v
while the evaporating solution was held ét 0°. The érystalé ﬁere then
collected’by filtration and washed with HCi-saturated,chloroform (~ 40 m1)

to remove the solvent and dried CCl, (~ 20 ml) to remove any AlCls or



AFigure_l'(a-d). 6 x 10

Figure 2.

hoo

Figure Captions

-3 M S,N, in nitromethane containing 1-2% A1Cls.

Epr spec%rum of SoNa' in nitromethane cdntaining 1-2% AlCls.
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' 84N;. The crystals were then stored in an evacuated glass_container.

at room temperature.,ab

.C. Results

The'esr spectra for“a 0,0l>M‘solution'of S N-rin'AlClj/CH3N02 were
recorded 2 5, and 30 days after 1n1t1al m1x1ng of the reactants. There_
was no notlceable change in the s1gnal 1ntensity in. the first two casesf
however, after 30 days the s1gnal had practlcally dlsappeared. The flve-
line spectrum had the same g value and hyperfine coupling constant as
that reported for S N h

The proton nmr spectrum‘of a sanple, one-half»hour after initial‘
m1x1ng of the reactants, showed three peaks to low fleld of the nltro-.

' methane _resonance. There was n0»apprec1able broadenlng of the peaks: '
observed in th1s spectrum In spectra recorded 1 and 3 days later, ,
cons1derable broadenlng of all the resonances had occurred and one of
the three new peaks had dlsappeared " Ammonium chlorlde was then added.
tovthe solutlon. Of the three resonances‘attributahlerto'the ammonium'
ion, one:appeared-as a shoulder on the solvent peak,and'the other two
were'coincident with the-two»remaining resonances in the spectrun.

The 1n1t1al uv-vis spectrum of a6 x 10 M solutlon of. S4N4 in
AlCl3/CH3N02 was taken 30 mlnutes after m1x1ng, and peaks Were observed _
at 3250 and L+66o 1& Over & perlod of ca. 2u hours, a peak at 3900 &
grew 1n, and the peaks at 3250 and 4660:& decl;ned. The color . of the )
solution‘was originally bright orange, but thisichanged to yellow- 5

orange and then to a bright yellow. The‘finalvspectrum was recorded
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L8 hours éftef initiai.mixing of the feactants. It showed thaf all
three peaks had disappeared, and the color of this'sélution was é
liéht, straw-yellow.

Mass spectra; examination of‘the tracé volatile products has given
non—repréduciﬁle results. In one case, the main péak'was at m/e = Lk,
correspondiﬁg to COz or NQO, while in another run, the main peak was aﬁ
m/e = 76{ éorresponding_to_CSa._ However, in both cases, the charac-
teristic paffern for the fragment CCl3+ was observed at m/e = 117, 119,
and 121. We have also observed that when diethyl ether(ié added to
solutions of S,N, in AlCl,/nitromethane an exothermic reaction takes
place; the color of the.solution rapidly changes_from-red-§range to
yellow,‘and a yellow solid, which was identified aé S4N4, precipitates

fromvthe solution.

D. Discussion

The esr spectrum shows that fhe species SgNg+vis preéent in solﬁtions
of S,N, in A1Cls/nitromethane. Since this was the only radical detected,
we believe that the broadened nmrvspectra were due to the presence of
this speciés. The time dgpendence of the édsorbaﬁce.peak at 3900 ﬁ cbr-
relates with our esr énd nmi daﬁa‘if we assume that this peak is due’tq
the species SgNé+.‘ The 3900 ) peak has a relatively constant adsorbance
during the‘color change orange-yellow to yellow_(Figs.»lb and lc)vand
this corresﬁonds to the esr spectra takep 2 days'(orange-yellow),and 5

days (yellow) after mixing, which showed approximétely the same signal'
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intehsity B The ‘color change yellow to straw—yellow (Flgs. lc and 1d)
. corresponds to the dlsappearance of the peak at 3900 R and to the
dlsappearance of the five-line esr spectrum, and the lack of the peak
at 3900 )iy (blg la) corresponds to the 1n1t1al non-broadened nmr
spectrum observed. .

Qur_data‘alee indicate that there‘is a,ppecursqf_to the species : i
SgN?f. The iack of broadeping>in‘the,initial nm;:spectrum_euggeet that |
there ie;ne appreciable'cOncentraﬁieh of Sgﬁgf in ﬁhe-fi?st 1/2-hour ef
'reaction;:yet'ﬁhe uv-vis spectrum shows twovstrong peaks at 3250 R end
4660 R Within the fifst 30 minutes ofhreactiOn Then as the peak at

3900 & grows 1n, the peaks at 3250 and 4660 R decline.

E. Summary

We can only gﬁeSS what the ﬁrecursor to the_SéNé+:ﬁight be; however,
it is_not'unreasonable to'suggesﬁ'that:this species is:S4N42¥g The
reaction of S4Ns with aluminum tﬁchloride in hitrexﬁethe.ne to give
'S4N42+ would be similar to otﬁer reactionS'obserVed‘in fhis SOIVeht ‘
system.el Also an 1nd1catlon that the ring remains 1ntact at least
initially, is our ability to regenerate S¢N4 by addltlon of dlethyl
_ether to the.Soletion. Our-abilit& to.recever S.N, was not ;nvestlgated_ | »
for solutions which had'eat‘for_long .periods of time.
The‘poesibility.of the existence of the speeies S4N42+:raisesvtwoe "
other Questions.’ Fifet; would'this.beve_plenar molecule? Plenarity

might be predicted since one could conéider a model with a 10-electron
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pi system which fits the Hickel Ln + 2 rule for aromatic compounds. To
test this,model, we have made free-electron type calculatioﬁs analogous
to Platt's aﬁplication of thé free-electron modelfto arqmatic ring
systems.5 The equation applicable to fhese sysﬁeﬁs is-as follows:

Eq‘ = ¢®n%/ome®,
where Eq is thé energy of the qth level, q is a gquantum number, h is
Planck's constant,.m is the mass of an eleétroﬁ, andjﬂris the circum-
ference of the circularized molecule. In Platt's tréatment, the ring
must be distorted to a cifcle.- In our calcuiations, we have chosen |
£ = 12.8 R which is the circumference of a circle escribed about a

regﬁlar octagon'withvone'side = 1.55 K (the known-average S-N bond length
6,7 '
b ).

for S4N3+ ié 1.55 )y For'a 10-electron pi system, the first transi-
tion is ffom the'ﬁ = 2 to the q = 3 ievél. With théﬁpreceeding assump-
tibns, we have calculated the first transition fqi §.3,2" to be 2700 &.
In our system, we observe a peak at 4660 & and in lOO%>HZSO4 a peak is
observed at 4560 Awl Several possible réasonscan?explain the discrepancy;
however, thé most»likeiy are that either Platt'é.method is too imprecise
for the ﬁolecule S4N42+, or that the peak at h660Aﬁ'doe$ not represent
the speciés S4N42f.

Thersecbnd question isxwhefher an eqpilibriﬁm exists between S4N42+
and 82N2+.' Presently'We havé no evidence that such an_équilibrium does.'“
exist, but_this ppssibility has hqt yet been eiclﬁdéd.

The only species we have identified in this system other than SoNat

is the amonium ion. - The question arises as to where the ammonium ion
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comes from. Even though it most likely comes from the S4N;,‘it is
'possible that it comes from the nifromethane."Thié quéstions is impor--

tant because in order to balance an equation for this reaction, we

must know what the reduced species is.” If the ammonium ion does come

'from theuS4N4, then we have not yét found the reduced épeciés in this
system. | | | |

In conclusidn, although we weré uneble to find the same.unknown
species in the AlClB/nitromethane system as in 106% H2SO4,vwé believeH 
that_thé'reaction of.S4N4 with aluminum trichlofige iﬁ nitromethane 1
has sevefai_intefesting possibilities, and furthéivexperiments should

be performed:ih order to:answer'the‘questions raised above.

Acknbwledggént.— .We wish to thank Richard Wilson for the esr data.
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