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‘Reactions of Disulfur Dinitride with Boron

Trifiluoride and Boron Trichloride

by R. Lyle Patton and William L. Jolly

Abstract

Disulfur dinitride reacts with boron trichloride in dichloromethane
to form the follbwing compounds (each of which can be obtained as the
principal product by suitable choice of reaction conditions): SuNhBCl3,

. : . ) . ‘ °
SENQ(BCl3)2,vand an apparently polymeric material (SgNéBCl3)x' At 0°,

'SQNQ(B013)2 loses BCl, to form a simple adduct SN BCl, which can be

3
at -78°. Whereas

3

reconverted to the diadduct by treatment with BCJ.3

. SbC1. displaces BC1 to form S,N,(SbC1

> 3 3
material (SQNéB013)X is inert toward both BCL

from S2N2BCl ; the polymeric

5)2
3,a,nd SbCl5. The properties
indicate that the SQNé ring structure remains

of S2N2}3c13 and SzNé(BCl3)2

intact. Reaction of 82N2 with BF3 yields only SHNHBF3°
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In a study of the reactions of 82N2 with SbCl5 we have shown that
S2N2 forms the adducts SENQSbCl5 and. SENE(SbCls)Q’ in which the SENQ ring
remains intactil To further explore the reactions of S2N2 as a Lewis base

and the effects of coordination upon its stability, this study has been

extended to include boron trifluoride and boron trichloride.
Experimental Section

‘General. The methods for the manipuiation and characterization of
volatile and moisture-sensifive materials and for the. preparation of.

SeNé hgve.been described.l Boron trichloride and boron trifluoride
(Matheson) and antimony pentachloride (J. T. Baker Co.) were purified by
vacuum-line fractibnal condensation. The observed 0° vapor pressure of

the BCl; was 477 mm (literature,e 477 mm). The observed -111.6° vapor
pressure of BFy was 310 mm (liﬁerature,3 312 mm). Boron trifluoride was
measured by pressure-volume methods, and'BCl3, SbCl5, and SéNé by

weight loss of tai:bd storage bulbs after distillation in vacuo into reaction
vessels.

Reactions were normally carried out in a vacuum-line reactor consisting
of a small Erlenmeyer flask attached by a 1h/20 ground joint (sealed with
Kel-F wax)‘to a Delmar-Urry O-4 mm O-ring stopcock. The ébsence of grease
prevented absorptidn of solvents and aliowed use of fhe reactor as a
tarred vessel for determining solid product weights. In a typical study,
SeNé and CHeClQ weré distilled into the reactor and warmed to 20° to diséolve
the SQNé’ and then rapidly frozen at -196°; The volatile Lewis acid was

then distilled in, and the reactor was warmed to the desired reaction
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temperature. The solvent and volatile products were }emoved and separated

in vacuo, and the remaiﬁing non-volatile SOlids vere weighed and then

removgd in the glove bag. Antimohy penfachloride and.BF3 could be cleanly

fractionated from CH2012 and directly measured, whereas BCl3 could not

and was determined by hydrolysis and titration of the boric acid with_

standard NaOH in the presence of mannitol. | |
Reaction of S N, with BF .- Disulfur dinitride (0.71 mmole), BF3

3
(3.175 mmoles), and CH,C (h ml) were distilled into a reactor at -196°

Upon warming to -78°, a white suspension formed which became yellow at
-45°, brown at 0°, and slowly formed an intense burgundy solution at 20°.
The CH,Cl, and excess BF3 (2.817 mmoles)‘we?e pumped off, leaving'Bh'mgt
of a burgundy solid which was identified as ShNhBF3 on the basis of its
infrared spectrum,h its melting point of 145° (literature,h 145-147°) and

its characteristic of slowly losing BF. when pumped on at room temperature.

3
Complete conversion of 82N2 to Sh hBF3 requires 0.355 mmoles of BF (observed

0. 358 mmole), forming 83 mg of Sh uBF3.

2§5;BC1 Reaction at 0°.- Disulfur dinitride (1. 55 mmoles), BCl3

(4.97 mmoles), and CHQCl (10 m1l) were frozen together‘in a reactor at

-196°. The mixture vas held at -78° for 2 hrs. while the CH2012 melted and
the solution above the white solid became slightly yellow. The mixture

" wés then waimed slowly to 0° while stirfing. Only slight darkening of the
suspension occurréd_until thertemperature reached ;35°, above which the
suspénsion turned, in rapid succession, yellow,,grey, grey-green, black,-brown,
and yellows Then with brief effervescence, a dérk red solution formed.

During one half hour at 0° this solution slowly turned light orange, and

a slight film of an orange plastic material appeared;‘ The appearance
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of the solution was then unaffected by warming to 20° or cooling to -78°.

The reaction mixture was held at -78° while BCl, was distilled off in vacuo

3
and then warmed to 0° while removing the remaining CHQCIQ. A slight amount
of N2 (6.017 mmole) was evolved in the reaction. No precipitation occurred
during the solvent removal, but as the last of the CH2012 distilled off,
the solution darkened to_ orange-brown and finally left 0.314 g. of a
solid plastic—iike layer. {Calculated fqr 1.55 mmoles (SQN2B013)X:
0.324 g.) Repeated cooling to -196° and warming to 0° broke up this solid,
but no further gases were ev&lved.

Several similar reactions were run with variations in the time held
at -80°, the rate of warming, and the time held at 0°. The visual
. observations of the reactions and products were the same. All the results

are summarized in Table I. Only N., CHQCIQ, BCl3, and slight traces of

Table I. Reactions of S Né with BCl, at 0°

2 3

. BC1 : .
u ol < N3 N2 evolved Product Calculated for
(mmoles) »' 2e (mmoles) wt (mg) | (S2N23C13)X(mg)

0.54 5.1 trace 108 113

0.77 4.8 - 0.003 . 161 161

1.16 2.6 0.011 240 | , oLo

1.ho 3.2 0.015 300 297

1.55 . 3.2 ,0.017 31h 324

2.90 3.2 trace 607 _ 607
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82012 vere distilled from the reactions, leéving a product of composition
(SgNéB013)x. |
| Myjol mulls of these products all absorbed Strongly throughout the
region 670-1350 cm“l‘with prominences on this general broad absorption
occurring at 1300, 1240, 1080, 976, and 730 em~1. Broad absorptions also
occurred at'6hd and 510 cm~l. These absorption maxima differed slightly in
different semples in position and relative intensity.
After removal from the reactor, the product did not redissolve in
either»CHQCIQ or‘CClh at 20°, although some darkening of the solvent
and 82012 evolution occurred. Distillation of CH2012 back into the reactqr
once resulted in slight coloring of the solvent and release of SQCl2
and, in another case, in vigorous Né evolution at -10°.
In & sealed capillary the (82N2B013)x remained solid op heating to
360° - becomihg brown above 120° and.shrinking with evolution of a yellow
liquid above 160°. When (s2N23013)x was held at 29° for 4 weeks or at
" 55° for ﬁ days, considerable decomposition occurred, with formation
of BC1 8,C1 Pyrolysis at 90° or higher

37 o) Né and traces of SCle.

yielded 82012, SCle,NE,and‘only traces of BC13. The relative amounts
of the volatile products and the empirical composition of the residue did
not correspond to any unique stoichiometry.

Liquid boron trichloride (10.70 mmoles) was distilled onto 161 mg.

of_(SeNéBCl3)X, and the mixture was held at 0° for 2 hours, then cooled

to -78° and neld for one hour before pumping off the BCl3 at that temperature.

Exactly 10.70 mmoles of BCl, was recovered, indicating that no BCl uptake

3 3
by (SQN2B013)X occurred at -78°. Antimony pentachloride (3+11 mmoles) was
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then distilled onto the (SeNéBCl3)x, and the mixture was twice held at 20°
for 30 min.-followed by cooling to -78° and pumping. No gases were removed.
The reactor was then warmed to 20° while pumping to remove all the free

SbCl_. No BCl, or other gases were removed and the product weight remained

p) 3

161 mg. Antimony pentachloride obviously did not displace BCl3 from or

. add to the (SeNéBCla)X.

) ] .
§2yé-BCl3 Reaction at -78°.- When suspensions of SQNQ’ CH2012 and

excess BCl. were held for extended periods at -78° and then subjected to

3

pumping at that temperature to remove the CH2012 and excess BCl3’ measurement

of the unreacted BCl, showed that products approaching the composition

3
. . RS T
SQNE(BC]_3)2 were obtained. The reactlonvtlmes and calculated BCl3/S21\2

ratios for the products for several runs were: 6 hr., 1.67; 15 hr., 1.83;
2.5 days, 1.865; 5 days, 1.96; 6.5 days, 1.83. When the product of the
6.5-day run (containing 0.86 mmole of SN, and 1.57 mmoles'of BCl3) was
warmed slowly while pumping, the creamy white solid evolved 0.70 mmole of
BCl3 bétween 435 and 0°. TFurther pumping at 0° for 2 hrs. evolved 1 mg

of S‘QCl2 and no BCl3- These data correspond to an empirical product
composition SeNéel.Ol BCl3; the product weight (178 mg) was also in

godd agreement with that calculated for the formation of SENQBC13 (179 mg).

(In each of the above runs, similar evolution of BCl, on warming to 0O°

3

left a product composition of SQNéBCI .) The remaining solid was treated

3

with a measured excess of BCl3 in CH,Cl, at -78° for two hours, and then

the reaction mixture was evacuated at that'temperature. The product

retained 0.625 mmole of the BCl3, but all of this BCl., was evolved when

3

the product was again warmed to 0° in vacuo.' In a repetition of this
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‘procédure without CHQClQ,vO.615 mmole of BCl. was retained at -78° and then

3

evolved at 0°. In a second repetition of the prbcedure, 0.56 mmole of

BCl, was retained at -78° and then evolved at 0°. Then the remaining

3 ‘
product was treated with 3.90 mmoles of antimony pentachloride at 20° for

1 hour. After cooling to -78° for one half hr., the reactor was evacuated

at -78°, and BCl, was removed. The reactor (still containing the SbClS)

3

was twice warmed to 20° and returned to -78° for further BCl. removal,

3
5 The total BCL, removed (0.55

reversibly absorbed in the previous

then warmed to 20° to pump off the SbCl

mmole) corresponded to the BCl,

treatment (0.56 mmole). The weight gain, corrected for the BCl, lost,

3
corresponded to the absorption of 1.08 mmoles of SbClS.

A similar sequence of experiments, in which BCl, was absorbed at -78°

3
and femoved at O°, was performed on the product of the 15-hr. run mentioned
above containing originally 1.30 mmoles of SQNé. The final B013 treatment,

in which 1.03 mmoles of BCl, was evolved at 0°, was again followed by

3

. 5" ,
SbCl5 (2.05 mmoles) was retained. The infrared spectrum of the products

treatment with excess SbCl "0.99 mmole of BCl3 was evolved while

after treatment with SbCl5 showed the presence of S2N2(SbCl5)2-l Extraction
of the prodﬁct with dichloromebthane yielded a solution from which pure
82N2(8b015)2 was obtained (identified by its infrared spectruml) and left
some residue with the appearance and infrared spectrum of <SEN2BC13)X'

N_BC1l. yellowed slightly

22773

vhen warmed at O° during the course of subsequent BC14

slovly darkened to orange with evolution of SoCly when warmed above 0°.

The creamy white products of composition S

tréatments, and

~ However, at -15° in sealed tubes the material remained stable indefinitely
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without darkening or change in its infrared absorptions. In & sealed

capillary it turned red-orange at 50° before melting at 55° with

decomposition.

When dichloromethane was distilled onto S,N,BCl, at -196° and |
warmed to -78°, the conversion of SQNQBCl3 to (SENéBCl3)x occurred relatively |
rapidly, with rapid darkening of the solution. Whgnever excess BCl, was

3

present, darkening of the solution did not occur until around -35°.

In Nujol mulls, the infrared spectra of fresh samples of SQN2B013

showed the following peaks (in em™1): 1115 (ms), 950 (w), 840 (m),

788 (wm), 728 (s-broad), 68é (mw), 610 (ms), and 467 (m). An SQN2B013

sample was allowed to stand 24 hours at 20° and a Nujol mull taken; . E

the SQNéBCl3 absorptions were gone and absorptions characteristic of

(52N213013)X had appeared.

Addition of BCl, to S at 20°.~ Slow addition of a BCl3 (2.20
- )

ol

mmoles) solution to S2Né'(1.58 mmolés) in CH,C1, at 20° in the glove

2
bag resulted in a black, opaque'susﬁension which cleared after several
minutes to a dark red solution which finally turned orange-red. Concentra-
tion and cooling of this solution yielded pure cryStals of ShNuBCl3

as shown by its infrared spec’crum)+ and melting point of 136° (literature,
137-1368°). 1Infrared spectrometry indicated that the residue from evapora-

tion of the remaining solvent consisted of SHNMBC13’ with no ShNh or

SeNéBCI3

impurity.
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(SN) - BCl, Reaction.- A sample of (SN)x was obtained as a by-
P ~ B

product from several 82 o preparations. It was separated from SLLN)+ and
sulfur impurities»by'repeated extraction with carbon disulfide until no
further yellowing of the carbon disulfide occurred. Ihis (SN)x’was then
weighed into a tar_ed reactor consisting of an O-ring stopcock attached

to a 50 ml Erlenmeyer flask by a joint waxed with Kel-F wax. In one

3 and 3 ml of CH 012 were distilled onto 172 ng

of (SN)X in a reactor and held for 2 hours at 0°. ©No evidence of reaction

experlment, 1.185 g. of BC1

was observed. The suspension was then warmed to 20° and held 4 days to
yield an orange-yellow solid and orange solution together with appreximately
10% of the original black particles of (SN)X. The yellow solid was filtered
off eﬁd the orange filtrate was subjected to pumping at 0° for 1 day to

remove the solvent, after which only an orange plastic film remained.

P .4

3 ey T e 3 e TS =
[cAated re e.g...Cn SOLLG elnllliTed 1T

(3]

P R
[V2ON

f"
‘.!’
fh

Zoth this orexzge »lastic filz
‘absorptions very SLmllar to those of (82 QBCl') . Upon heating in a
sealed caplllary the yellow solid behaved like (S BCl ) It did not
melt on heating to 360° , but darkened above 100° and shrank with evolution
of a yellow liquid above 160°. |

In a second‘experiment, 70 mg of_(SN)X and 1.0445 g of BCl3 were
placed in a taﬁ:ed reactor and held at 0° for 2 days with no reaction.
Dichloromethane (5 ml) was distilled into the reactor, and the suspension
was held with occasional stirring for 7 days, during which only slight
yellowing of the solution occﬁrred. The suspension Wasvthen sfirred at
20° for 2 days, after which‘it appeared thet all of the black_(SN)x

particles had been consumed, leaving an orange solution above a yellow

solid. The solvent and excess BCl3 were removed by pumping, first at

-80° and then while warming to 0°, until all volatiles had been removed.
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Nitrogen (0.080 mmole) was collected in the Toepler pump buret, and

124 mg of an orange-yellow solid remained. If we assume that the small
amount of evolved nitrogen corrésgonded to the decomposition of some
.(SN)X to the elements and that the principal product was (SgNéBCl3)x’
we calculate that the residue should have weighed W7 mg. The infrared
spectrum of the solid was the same as that of fhe product of the first

reaction.
Results and Discussion

Reaction with Boron Trifluoride.-~ When disulfur dinitride is added

to excess boron trifluoride in dichloromethane, only ShNhBF3 is formed,
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whereas the analogous reaction with SbCl -yields an adduct of SN .. Ve

> 22
believe the difference may be explained by the relative weakness of BF3

as a lLewis acid compared with SbCl_. -and by the assﬁmption that the ShNﬁ

5

acid adduct is formed by a second-order reaction:
8N, + SN, * Acid —> § N - Ac1d. | (1)

In the case of SQNéSb015, the eQuilibrium concentration of SeNé is too
low for this reaction to proceed at an appreciable rate unless an excess
of SENé is added to the system. In the case of SQNéBF3, the equilibrium
concentration of SENQ is high enough for the reaction to proceed and to
3.

Reactions with Boron Trichloride at 0°.- The results of the reactions

prevenﬁ the isolation of SENéBF

in which SeNé and BCl3 were warmed to 0° in dichloromethane show that a
product of composition (S2N23C13)x_was formed. However, the broad, diffuse,
varying infrared speétra of these products showed no correspondence to

known SeNé, ShNL, or BC1l, adducts. -Also, it was not possible to displace

3
from (S2N2B013)x with SbCl

‘BCL as might have been expected for a simple

3
adduct inasmuch as SbCl

5

is a stronger Lewis acid than BC1l, and does effect

5 3
this displacement on ShNﬁ3013'2 Thus it appears that (82N2B013)X is not

an adduct involving intact SENe-and BCl3 units, but rather that some degree
of chlorihatiqn of the sulfur atoms énd”some polymerization has occurred.
The inability of the product to dissolve after removal of the dichloromethane
suggests that the degree of polymerizatidnvincreased in the solid or
highly concentrated state.

The reaction of polymeric sulfur nifride, (SN)XQ with boron trichioride
gives a material having the same properties’ and approximately the same

Ceas . o .
composition as the (82N2B013)X prepared from SQNQ and BCl3 at 0. .However
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the (SN)X-BCl reaction must be carried out at temperatures around 20°,

3

and at these temperatures side reactions take place, precluding the

isolation of a pure product.

Reactions with Boron Trichloride at -78°.- The data for reactions

pyeformed at -78°, in which the solvent and excess BCly were removed
at that temperature, indicate the formation of a simple labile diadduct

S2N2(B01 and a small amount of (82N 3013)x. The sgmé(301 dissociates

3)2 2

reversibly on warming to 0° to BCl3 and a monoadduct S2N28C13. The

ability of 32N2B013 to add BCl3 at low temperatures distinguishes it from

(SQNéBCl3)X; which is inert to addition of a second mole of BCi

3)2

. The
3

slight decrease in the BC1l, reversibly absorbed after each successive

3

BC1 replacemenﬁ was probably caused by a slight amount of the irreversible

3
rearrangement (polymerization) SN, BCl3 —9(82N2B013)x occurring at

temperatures near 0°. This latter reaction occurs readily in dichloromethane
solution whenever excess boron trichioride is abseﬁt, even at low
. temperatures. Apparently the polymerization is blocked when both nitrogens

of SQNé are coordinated to BC13. The amount of BCl3 reversibly absorbed

is a measure of the monoadduct SzNQBCl3 present in a mixture of SeNéBCl3

and (SeNéBCI3)X, as evidenced by the displacement, on treatment with SbCl5,

of BCl3 in only the amount equal to that reversibvly absorbed in the

previous BCl, treatment. This displacement of BCl, to form the known1

3 3
disulfur dinitride adduct-SeNe(SbCl5)2 is in agreement with the relative

Lewis acid strengths of SbC_l5 and BCl3 and supports the formulation of

as adducts of S.N The residue of (SQI\EBC13)x

32N23013, and. 82N2(301 oo

3)2
left after washing out the SQNé(SbCls)Q-further confirms its presence

as the inert material. The data presented correspond'quantitatively
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to the reactions:

| CH-C1 -
(g + y)13013 + (1 + y)82N2 -:sgw§4> seN2(3013)2 + y/x(SQNEBCl3)x (2)

o O° .
— :
s2N2(13013)2 <:§§; SQNéBCl3 + 3013 - (3)
s N.BCL. {slow)y (S.N.BCL.) : . (1)
203 0 Pt 3x
52N93013 + 2Sb015 - 32N2(5b015)2 + 3013 (5)

Formation of S,Nh8013.— The formation of ShNuBCl by the addition of

3

3013 to an SgNé solution is analogous to the formation of SuNthCl5 and

SHNHBF3 from SgNg' " In each of these reéctions; the mechanism:is probably
the initial formation of an adduct of the type SQN2-Acid, followed by

reaction 1.

In adducts in which the boron atom of BC]_3 is bonded directly to the

central atom of a Lewis base molecule, ‘a broad infrared absorption envelope

characteristic of the BCl. portion of the adduct is found with maxima

3
in the 700-800 cm"l region.5 Also, sulfur-nitrogen compounds usually

have strong absorptions in and near this region. For example, SoNo,

1

J

-1 1 : -
SQNQSbC15, and 82N2(8b015)2 have absorptions at 795 and 663 cm

800 and 723 cm'l, and 818 cm'l, respectively. It seems likely that all
- of the infrared absorptions of 82N2B013 near this region (at 840 (m),

788 (wm), 728 (s-broad) and 682 (mw)_cm'l) may result from combinations
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of S~N and BCl3bmodes. The remaining SENQBCl3 absorptions (at 1115,

950, 610, and L67 cm-l) correspond closely in position and shape to

absorptions in SN, SbClS- Thus the infrared and chemical evidence

22
support formulgtlon of SQNQBCI3 and SENQ(BC]_3)2 as adducts of the same
type as those of SN, with SbCl5 with the structures:
S T : S
7N 7PN
N N-BC1 B-N N-
\S/ C3 mmA mg \S/ Bm3
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