
NOTES Inorganic 

TABLE I1 
'H AND IIB NMR CHEMICAL SHIFT VALUES 

B-CHa4 B-C%H$ X-CHa 

-0.23 s -0.85 s 
-0.27 s -0.86 s -2.78 s 
-0.6 s -0.0 s 
-0.34 s -0.89 s 
-0.32 s -0.85 s -3.60 s 
- 0 . 4  d (13 Hz) -0.95 s 
-0.95 s f 
-0.04 s - 1 . 0 8 s  
+0.08 s -1.98 s 
-0 .9  s 
-0.95 s 

-1.04 d (9 .4  Hz) 4-0.26 d (15 Hz) 
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llBC B-CHrX 

-48.4 s 
-45.6 s 
-62.8 s 
-55.3 s 
-53.8 s 
-56.4 d (122 Hz) 
-30.1 s 

-1.02 s -6 .1  s 

-3.4 s -84.1 s 
-2.83 s -70.6 s 

-0.57h $19.0 d (55.4 Hz) 

-1.84 s +4.0 s 

a lH nmr chemical shifts are in ppm without solvent relative to internal tetramethylsilane. * At 60 MHz the ethyl protons are equiva- 
The llB nmr chemical shifts are in ppm relative to external BFa .0(C2H5)z. 

f At 220 MHz the ethyl protons were resolved with the following chemical shifts: 
lent. 
d 6(N-H) -3.55 (t, 54 Hz). 
S(CH2-C) - 1.34 (9, 7.5 Hz), G(C-CH3) - 1.05 (5, 7.5 Hz). 

Peak widths a t  half-height varied from 4 to 6 Hz. 
6(0-H) -6.56 (s). 

Chloroform solvent. Unresolved coupling. 

methylboranes establish the structure of these com- 
pounds. The spectra show the expected upfield methyl 
resonances of area 6 and downfield methylene reso- 
nances of area 2. The mass spectra of the (CH3)2- 
BCHzX derivatives show a strong peak a t  mass 41 
corresponding to a (CH3)zB fragment which does not 
occur in the spectra of the methylethylboranes. The 
high-field boron resonances of (CH&BCH2P(CH&, 
(CH3) 2B CHzAs (CH& and (CH&B CHZSCH~ suggest 
that these materials are associated in solution. How- 
ever, molecular weight determinations (Table 111) 

TABLE I11 
VAPOR DENSITY AND MASS SPECTRAL MOLECULAR WEIGHTS 

Mass 
Vapor spectral 

Calcd density molecular 
Compound mol wt mol wta ion 

CHs(C&)BN(CHa )z 98.9 99 .5  99 
CHI( CzHr)BOCH3 85.9 85.9 86 
CH3 (CnH5 )B F 73.9 74 .5  74 
CH3 (CzH5)B C1 90.4 91.0 90 
(CH~)ZBCHZP(CH~)Z 232b 232 
(CHa)& CHzAdCHa)z 160 162c 160 
(CHa)zB CHzSCHa 102 112c 102 
(CH3)zBCHzI 182 180 182 

a Measured at room temperature. Calculated for dimer. 
Measured a t  125". 

show that only the phosphorus compound exists as the 
expected dimer in the vapor phase. 

The substitution reactions of a-haloalkylboronic 
esters occur with rate enhancement to give a-sub- 
stituted alkylboronic esters as shown by Matteson. 
In  view of these results we believe that although exten- 
sive alkyl rearrangement might occur in treatment of 
I with nucleophiles it would be possible to isolate a t  
least some a-substituted methylboranes as by-products 
from these reactions. Since high electron density on 
boron would appear to facilitate the rearrangement, 
weakly basic nucleophiles were used in all cases. Even 
though the use of high-vacuum techniques in these ex- 
periments allowed investigation of trace products from 
these reactions, a-substituted methylboranes were ob- 
served only in the cases of (CH&PH, (CH3)2AsH, 
CH3SH, and KI. With these nucleophiles the yields 
of the a-substituted compounds were good and no re- 
arranged products were observed. 

In  view of the correct structure of the azido com- 
pound, the earlier observation that this material de- 
composes upon pyrolysis to a mixture of borazines is 

now much more easily understood. Pyrolysis of other 
B-azidoboranes is known to give borazines. l1 

Trimethylamine and trimethylphosphine form ad- 
ducts with I which were not completely characterized. 
When equivalent amounts of trimethylamine and I 
were condensed directly into an nmr tube with chloro- 
form, the proton nmr spectrum showed the presence 
of trimethylamine adducts of both I and 11. The tri- 
methylamine adduct of I, however, could not be iso- 
lated due to its facile rearrangement to form the tri- 
methylamine adduct of I1 (mp 68-70'). Similar ex- 
periments with trimethylphosphine resulted only in 
the isolation of the trimethylphosphine adduct of I (mp 
99-100') which was sublimed at  80" without significant 
rearrangement. 
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The structure determination of trisulfur dinitrogen 
dioxide' showed i t  to be a sulfinylamino derivative of 
bivalent sulfur, S(NS0)2. A number of methods of 
preparation have been reported which involve oxides or 
halides of sulfur with ammonia, ammonium chloride, 
or tetrasulfur tetranitride.2-6 Yields are low and sepa- 
ration of the amino sulfide is often difficult. 
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The method reported here utilizes the reaction be- 
tween sulfur dichloride and N- (trimethylsily1)sulfinyl- 
amine and gives a 68yG yield of bis(sulfiny1amino) sulfide 
conveniently. The other product, trimethylchloro- 

2kIeaSiNSO + SClz + S(NS0)z + 2MesSiCl 

silane, was found to be an excellent recrystallization 
solvent for the amino sulfide. Benzene had been used 
previously .5 

The large, yellow rhombic crystals of the product 
were sensitive to traces of moisture. They could be 
conveniently handled in an atmosphere of dry nitrogen. 
The sample went red on heating and appeared to boil 
after melting, as previously reported.* The infrared 
spectrum in carbon disulfide contained two major 
peaks at  1184 and 988 cm-l, attributable to the asym- 
metric and symmetric stretching vibrations of the 
sulfinylamino group.7 

Experimental Section 
Sulfur dichloride was purified by distillation in the presence of 

10% of phosphorus trichloride,8 which inhibits disproportionation 
into sulfur monochloride and chlorine; the distillate was promptly 
used. 
iV-(Trimethylsily1)sulfinylamine was prepared in 8897, yield 

according to the method of Scherer and Horningg from tris- 
(trimethy1silyl)amine’O and thionyl chloride. The fraction 
boiling a t  1@8’, n Z j ~  1.4254, wasused. 

Bis(sulfiny1amino) Sulfide.-In one experiment, 41.4 g (0.307 
mol) of the silylsulfinylamine was placed in a 100-ml two-necked 
flask, fitted with a reflux condenser, and a 50-ml dropping funnel 
fitted with a by-pass. The whole apparatus was flushed with 
and maintained under an atmosphere of dry nitrogen, and 14.5 g 
(0.145 mol) of sulfur dichloride was slowly added to the sulfinyl- 
amine, with stirring. The reaction was exothermic, and fine, 
yellow crystals were deposited. The mixture was heated under 
reflux for 48 hr to ensure complete reaction. Long, yellow 
needles formed on cooling and the liquid was then pumped off, 
trapped (30.2 g), and redistilled to yield trimethylcholorosilane 
(26.5g, 87%), bp 57”, n 2 j ~  1.3864. 

The yellow crystals were dissolved in 50 ml of hot trimethyl- 
chlorosilane, recrystallized, and filtered under a dry nitrogen 
atmosphere. They were washed with a little cold trimethyl- 
chlorosilane and all traces of solvent were pumped off over a 
period of 3 hr .  The crystals melted in sealed tube a t  100-101” 
(lit.4 mp 100.7’) (14.9 g, 68%). Anal. Calcd for S3N202: S, 
61.58; N, 17.93; 0, 20.49. Found: S, 61.62; N, 18.11; 
0,20.44. 
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The study of llB nuclear magnetic resonance is 
complicated by the fact that boron possesses a nuclear 
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quadrupole moment which causes, in many cases, ex- 
cessive signal broadening and the resultant overlap 
of signals which would otherwise appear as distinctly 
separated resonance lines. Instruments operating at  
higher magnetic field strengths have slowly become 
available in recent years and as a result we have seen 
the unraveling of numerous heretofore unresolved spec- 
tra. This is most dramatically illustrated in the areas 
of boron hydride and carborane chemistry. An ex- 
tensive review and a very helpful introduction to the 
nmr of boron compounds is given in a recent book by 
Eaton and Lipscomb.2 

The properties of borates, ;.e., inorganic boron-oxy- 
gen compounds, in aqueous solution have been studied 
using a variety of  technique^.^ The earliest report 
of the llB nmr spectra of borates in solution appears 
to be that of Shapiro, et al.,4 in which a polyborate ion 
is postulated to explain a high-field line in aqueous 
sodium pentaborate. 

The existence of polyborates in aqueous solution is 
inferred from structural studies on crystalline borates. 
Data obtained from pH titrations, conductance, and 
cryoscopic studies are best interpreted as involving 
various polyborate equilibria. The detection of poly- 
borate species by llB nmr depends on two main factors, 
the stability of the polyborate ion in solution and the 
exchange rate of boron atoms between different chemical 
sites in the molecule. Momii and Nachtrieb5 studied 
the borate-polyborate equilibria in aqueous solution 
using nmr techniques and concluded that three equi- 
libria sufficiently explained the nmr data obtained on 
sodium pentaborate 

B(OH)a f OH- G+ B(0H)a- K1 (1) 

2B(OH)3 + B(OH)4- e B303(OH)4- -k 3H20 K3 (2) 
4B(OH)a + B(0H)a- BsOs(OH)4- + 6H20 KI, (3) 

Metaborate and tetraborate solutions gave only one 
nmr signal and provided little information on polyanion 
formation. 

We have undertaken a study of the llB nmr spectra 
of aqueous borate solutions a t  80 MHz with the hope 
that more meaningful data can be obtained a t  the 
higher magnetic. strength. 

Results and Discussion 
At 80 MHz the llB nmr spectra of aqueous borate 

solutions are seen to be considerably more resolved than 
previously reported. There was, however, no evidence 
of polyborate formation in metaborate or boric acid 
solutions. These species presumably represent the 
extremes in the B(OH)4--B(OH)3 system. A plot of 
the chemical shift vs. the XazO : B2Os ratio (or B(OH)4-: 
total boron) for dilute solutions of boric acid (0: 1), 
sodium pentaborate (1 : 5 ) ,  sodium tetraborate (1 : 2 ) )  
and sodium metaborate (1 : 1) shows a linear relationship 
when the single peaks in the nmr spectra of boric acid 
and sodium metaborate are used as the extremes and 
the most intense low-field peak in the pentaborate 
and tetraborate solutions are used. A solution con- 
taining Na20 and Bz03 in a 1 :3 ratio gave a single 
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