Lawrence Berkeley National Laboratory
Recent Work

Title
THE REACTION OF HEPTASULFUR BODE WITH DIBORANE

Permalink
https://escholarship.org/uc/item/94h7m?22q

Author
Mendelsohn, Marshall H.

Publication Date
1971-12-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/94h7m22g
https://escholarship.org
http://www.cdlib.org/

" Submitted to Inorganic Chemistry ' _ 1.BL.-446
Preprint 1
c‘
RECEIVED
LAWRENCE
RADIATION' LAGORAVCXY
FEB 41972
* LiBRARY AN A
» . y‘ . 3 ;‘ " ﬂ :‘v
4 OCUMENTS S Ok REACTION OF HEPTASULFUR IMIDE
o A  WITH DIBORANE
Marshall H. Mendelsohn and William L. Jolly
December 1971
AEC Contract No. W- 7405—eng—48 o
For Reference
LNot to be taken from this room
r“‘!i
e
oy}
&
RN
S
o~

-]



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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Contribution from the Chemistry Department, University of California,and
the Inorganic Materials Réséarch Division, Lawrence Berkeley Laboratory,

o Berkeley, California 94720

~ The Reaction of Heptasulfur Imide with Diborane

By Marshall H. Mendelsohn-and William L. Jolly*

It is known that heptasulfur imide reacts with boron trichloride’
and boron tribromide to give S7BN012; and S7NBBr2;2 respéctiveiyi In
this note we report the results of our study of the reaction,of hepta-

sulfur imide with diborane. This study was undertaken to determine:

whether the reaction gives an analogous product (S7NBH2), a borane -

'vadduct (S NBH,), or a diborane derivative such as S..NB_H_.

Results and Discussion

The reaction of heptasulfur imide with diborane was carried out in
various ether solvents, at either room temperature or 0°. The experimental

results, summarized in Table i, show that, with diborane in excess, one-

‘half mole of diborane'reacts per mole ofls7NH and that one mole of hydrogen

is formed per mole of S NH. This stoichiometry corresponds to the follow-

- .
S,MH + £ BHg - S, NBH, + H,



, _Ta.‘ble 1.

Stoichiometry of the Reaction of S_NH with BH, . -

- Solvent .; Tempéiétu:¢,°c S NH, mmol  BH, mol - measured time of . 32H6_¢oﬁsumed/’s7xﬁ _
' - o : ' H,/S_ M neas.,hrs ' '
monoglyme® 23 0.288 . . ol 1 17 | - 0.kg
~ monoglyme | S 23 | L 0.992 . 0.72 " | 1.35° - _6&.5 | .
" monoglyme o 0.574 0.516 1.0 66 - o.ugs‘
o 23 o 1.15° 2l o
CmE® 23 0.386 0.356 09 67 | 10.505
el N 23:”_ - 0.616 | 0.50 ‘ 113> 655 .
THF 23 ': | 0.567 0.26k ‘ 1.09°¢ | 145 -
THT | B   o - - 0.611 o.593'_ 0 1.02 '-» Lot | o 0.52
THF o o2 o.om6 s g -
dioxane 23 0.505 0.633 2.20° 319 : -
siethyl ether® 0 0.575 0.292 O 0.98 260 I

% reaction mixture not stirred

traces of Hzi stlllbelng évol?éd, due to sicw de>c.o'mposi‘ti.on' |
c stopped purposely to pump out excess B2H5 |
é listed as H_ /B H_

5 . .
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. Wheq the reaction is carried out in diethyl ether at.O°, some of
the product precipitates as a white, crystalline ether adduct, S, NBH_*Et 0.

Similar adducts can be obtained from the other;ethers by vacuum evepora~

tion of the solvent and removal of excess diborane. The compounds undergo

rapid hydrolysis with excess water at room”temperatﬁre, as follows:

S_NBH,-ether + 3 H,0 - S Mi f‘B(OH)J + 2 H, + ether

The **B nur spectrum of S_NBH, in diethyl ether solution consiets
of a 1l:2:1 triplet due to coﬁpling withvthe two protons of the'BHé
group. Toe Ramen spectrum of the diethyl ether adduct hae lines at
2419 and 2ﬁ09bcmfl, characteristic of termineliBHé groups, and lines

at 766 and 750 cm-!, typical S-N stretching frequencies.
> f

As can be notedfromihble I, the only products that were stable

 (as determined by hydrogen evolution) were those obtalned from dlethyl

ether and tetrahydrofuran. The dlethyl ether adduct is stable at room
temperature in the absence of air and m01sture, and the product from
tetrahydrofuran is stable at 0° Hydrogen, hydrogen,sulf;de, and ether

were,identified'as decomposition products of the tetrahydrofuran and

Al
4

monoglyme adducts at room temperature

A whlte SOlld pyrldlne adduct S NBH C. H N was isolated from the

‘;reactlon of S NBHQ Lt O with pyrldlne »Pure samples.of this compound

were stable 1ndef1n1tely in vacuo at 0° and cOuld be kept in an'ordinary
closed bottle at room temperature for as lono as 5 dayo w1thout decompo—

51t10n However,-lmpure samples decomposed w;th;n a day or two.'



_

When the reaction of heptasulfur imide énd diborane is carried out

-with an excess of S NI in tetrahydrofuran at O°, the reaction does not
stop with the formation of S_NBH_, as evidenced by'the continued slow
evolution of hydrogen. Presumaebly the following subsequent reaction N

occurs:
S NH + S_NBH, - (S,N)_BH + H, . o - i

Howéver,»the reaction was incomplete after 1 month and was not further

studied.

N Experimental'Séction

Rea%ents and Rroceduré.- Heptasulfur imide was prepared by the. ' : o

usual method3

and was purified by one recrystallization from'methanol
followed by repeated'recrystallizations from carﬁon tetrachloride°uﬁtil |
the solutions were colorless and the solid meitéd Qt 113-114° (1it.- ' i
113.50).h The infrared spectrum agreed with that reported in the
litergture.u " Diborane was made by the reaction of potassium bqrohydride ' 5
with phosphofic acid5 and purified by vacuum distillation throughia 

._112; trap. Tetrahydrofuran, diethyl ether, and dioxane were distilled.

from lithium"aluminuh hydride immediaﬁely before use. Monoglyme (1;2-
dimethoxyetﬁéne) was distilled fifst from Calcium‘hydr}de.and.thenvfrom _ -
1ithiuﬁvalumihuﬁ hydride. Pyridine was distilled froﬁ.potaSSium' . | vy
hydroxide; and carbon tetrachldride was distilled from phosphdrusla‘ j

pentoxide.




Aﬁproximately 10 ml of solvent was vacuum-distilled into a 50-ml
flask containing a known weight‘of'heptasulfur imide. A known amount of
diborane was condensed into the reaction vessel, and the vessel was .

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

. evolved hydrogen was collected using a Toepler pump, measured in a gas

| buret, and identified by mass spectroscopy. To isolate the crystalline

product'S7NBH2-Et20, an all-glass system was emplbyed; The apparatus
was sealed off after addition of the reactants and was provided with a
breék-seal'for removal of hydrogen and aVSide afm for waéhinglthe product
by decantation. The product was then removed in.a dry box. Anal.
cé;ch for S_NBH,-C,H 0 : C, 14.76; H, 3.69; N, 4.30; s, 69.01;
Found: c, 14.86; H, 3.69; N, 4.L5; S, 68.68.

A sample of S7NBH2 prepared in tetrahydrofuran was treated With a

500-fold excess of distilled water. The evolved-hydrogen was cbllééted

‘and measured'as deséribed above. The precipitated 5. NH was collected by

filtration, air-dried, and then weighed. It was identified by its
infra.red‘.spec’crum.LL The boric acid formed waé determinedvby a standard
double titration method.6 Anal. Caled for S7NBHé prepared from 0.386
mmol of S_NH : H2,A0.772 mmol; B(OH), 0.386 mhol; S, NH, 0.386 mol.
2’

Found: H,, 0.773 mmol; B(OH)s, 0.393 mmol; S, NH, 0.3l mmol.

Raman sgeégzgg.; The foild&ing'lines were observed for the diethyl éther
adduét (cm'i:t3 em™) : 2969(w), 2930 (w-m) 2&19(w), 2409(sh), 1u7l(w),
thE(w-m), 14h2(sh), 1324(w), 1181(w-m), 1091(w-m), 1oob(w) 87o(w-m),
851(sh), 832(w), 766 (w-m), 750(w m), 602(m), u76(vs) h58(m), u37(m),

292(3)) 251(m), EJD(VU): 201(3)) 78(m)) and 153(5)' The -.Rﬂ-m,an .



spectrometer'consisted of a Spectra-Physics 125 helium-neon laser with
line-filter (35-mW) and a Spex 1401 monochromator equipped with anb_

ITT FW-130 photomultiplier tube.

Nﬁr sRectra - The samples for the B nmr spectra were prepared and
recorded in 12 mm od tubes containing dlethyl ether, in which the com-
pound:is only slightly soluble. For this reason the spectra were
cOmptter~averaged over 10-150 scans. The spectrum consisted of'a”l:2:l
triplet centered 33.5 ppm upfleld from an external reference peak of

boron trichloride, with JB = 136 Hz. A Varlan model Vh3ll high reso-

-H
lution nmr spectrometer operated at 8.134 MHz was used for the boron
spectra. Proton-spectra of samples prepared from monoglyme and diethyl
ether were recorded in CS ‘using a Varian A-6C spectrometer. Although
the samples decomposed in CS the spectra did indicate the presenee of
coordinated o K ]
the/ether. For the sample from diethyl ether, a triplet et 1.98 ppm and
a quarter at h.75 ppm, relative to TMS, were observed while from ﬁdno—
glyme two singlets at 4. 63 ppm and 4. 67 Ppm and a complex pattern centered
at 4.87 ppm were noted. The complexity of the latter spectrum 1nd1cates

that only one of the oxygen atoms of monoglyme was coordinated to S NBHE.

/

v X-ray diffractiog.- Some prelininary X—ray diffraction data on a single
crystal of SjNBHE'C4HloO correspond to the space .group ana and the dnlt

cell dimensions (R) a = 15.80, b = 13.16, and c=6.75.
Preparation and characterization of S, NBH,°C H;N.- The pyridine adduct‘
is prepared by addition‘of excess, dry pyridine to the solid S7NBH2'Et20.

The solution is evaporated to a volume of 0.2-0.3 ml, and dry ccl, is

(X
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then added. ’AIWhite“SOlid is.Precipitéted ahdvis washed with a small
amount of chilled CCi4. The infrared épectrum of a Nujol mull recorded
with & Perkin-Elmer Model 137B InfracordvSpectrophotometer consistéd of
the féllowing peaks (em™ £ 10 Cm'l): 2&15(5), 2353(sh), 1618(m),
1186(m), 1157(w), 1139(sh), 1131(s), 1100(m-s), 1025(w), 1013(w), 9T7(w),
961(sh), 953(m), 943(s), 929(w), 917(m), 775(m}, 768(m), 751(s), 687(s).
A sample melting at 87.5-88° was analyzed. Anal. Calcd for S.,NBH,*C_H.N :
Cc, 18.17; .H, 2,14 N, ‘8.1+8; S, 67.92; B, 3.3. Found: .c, 18.97; H, 2’.08; '
N. 8,62; S; 67.98; B.v3.2 (as.a Béds résidue). ‘A proton nmr spectrﬁh. o
showeduthe protons on the pyridine ring, but we were unable to see the .

protons attached to boron.
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LEGAL NOTICE
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