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was used for the determination of nitrogen without any particular
precautions, whereas carbon and hydrogen were determined by
a modification® of the usual microdetermination method which
was improved to prevent low carbon analyses.’® Boron was
determined by a flame spectrophotometric method!! which had
been developed for determining boron in boron-nitrogen com-
pounds.

The proton magnetic resonance spectra were obtained at
room temperature with a Varian A-60 high resolution n.m.r.
spectrometer operating at 60 Mc. In these experiments, 109,
carbon tetrachloride solutions were used with tetramethylsilane
as an internal reference except for compound I and for amines,

(9) 8. Mizukami and T. Ieki, Microchem. J., T, 485 (1963).
(10) W. Gerrard, H. R. Hudson, and E. F. Mooney, J. Chem, Soc., 113
(1962).

(11) T. Yoshizaki, Anal. Chem., 35, 2177 (1963).
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for which saturated chloroform-d; solutions were employed.
The 'B n.m.r. spectrum of the ethyl derivative was recorded by
Varian Associates, Palo Alto, Calif., using a Model HR-100
with the substitution of a 32.1 Mc. radiofrequency unit for the
100-Mc. unit.

The ultraviolet spectra were recorded in ether solution over a
region of 220 to 500 mg, using a Hitachi Model EPS-2 recording
spectrophotometer.

The infrared spectra were recorded over a rock-salt region on a
Type DS-201B spectrophotometer from the Optical Research
Institute, Tokyo Kyoiku University. Polystyrene was the cali-
bration standard. The spectra were taken in -solutions, using
both carbon disulfide and carbon tetrachloride as solvent. In
Table IIT are listed the wave numbers in carbon disulfide, except
in regions where the solvent showed its own absorptions. In
these regions, the data in carbon tetrachloride solutions are
given.
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The reaction of ByjgHio?~ with dimethyl sulfoxide and hydrogen chloride has given BjH,S(CH;),~ [(dimethyl sulfide)nona-

hydrodecaborate(1—)] and B;H[S(CHj)s), [bis(dimethyl sulfide)decaborane(8)].

Although apical (1,10—see Figure 1)

substitution predominates in this reaction, significant amounts of equatorial isomers are also formed. The carbon—sulfur
bond in By H[S(CHjs).ls is kinetically more labile than the boron-sulfur bond as shown by reaction with tributylphosphine

to give (CHa)zSBmHsSCHa-‘.
served at 230°.

Thermal rearrangement of 1,10-B;H;[S(CHs):l: to 2,7(8)-BicHs[S(CH;)s]s has been ob-
Halogenated derivatives of BioH[S(CHj)slz and By HeS(CHj3): ™ have been prepared as well as diazonium,

deuterio, hydroxy, benzoyl, and amine derivatives of the latter.

The polyhedral borane anions BioHie?~ and BypHypp2—
are atypical boron hydride species as documented in
previous publications.’™8 The basic cage structure is
kinetically very stable. However, the hydrogen atoms
are susceptible to replacement by other atoms or
groups. This has led to the development of a vast de-
rivative chemistry which includes such varied sub-
stituents as halogen,* carboxyl® azide?® isocyanate,®
nitrile,® acyl,” hydroxy,” and nitrogen.®? The subject
of this paper is the chemistry of the two inner sulfonium
salts, BmHgS(CH3)2_ and BmHg [S(CH3)2]2.2

Results

Dimethyl sulfoxide and BisH;?~ react readily under
acidic conditions to give good yields of By HS(CHs)z™
and B;oHs[S(CHs):]: at 40-60°.  With excess dimethyl
sulfoxide as solvent, the ratio of these products

(1) Paper XXII: W. R. Hertler, W. H. Knoth, and E. L, Muetterties
J. Am. Chem, Soc., 86, 5434 (1964).

(2) W. H, Knoth, H, C. Miller, D. C. England, G. W, Parshall, J. C.
Sauer, and E. L. Muetterties, ibid., 84, 1056 (1962).

(3) E. L. Muetterties, J. H, Balthis, V. T, Chia, W. H. Knoth, and H. C,
Miller, Inorg. Chem., 3, 444 (1964).

(4) W. H. Knoth, H. C. Miller, J. C. Sauer, J. H, Balthis, Y. T, Chia, and
E. L. Muetterties, ibid., 8, 159 (1964).

(8) W. H. Knoth, J. C, Sauer, H, C. Miller, and E. L. Muetterties, J.
Am, Chem. Soc., 86, 115 (1964),

(6) W. R. Hertler and M. S. Raasch, ibid., 86, 3661 (1964).

(7) W. H, Knoth, J. C. Sauer, D. C. England, W. R. Hertler, and E. L.
Muetterties, ¢bid., 86, 3973 (1964).

(8) W. R. Hertler, ¢bid., 86, 2049 (1964).

is dependent on reaction time; with acetic acid as sol-
vent, preferential formation of B;Hg[S(CHs)s]s occurs
regardless of stoichiometry or reaction time.? The
stereochemistry of BjH;[S(CHs):l: was initially re-
ported? as bis-apical (1,10—see Figure 1) on the basis of
10-Mec. nm.r. data. More sensitive spectral probes
have since shown that significant, though minor,
amounts of equatorially-substituted isomers are also
formed. Crude CsByHS(CHj)e prepared in excess di-
methyl sulfoxide was found to contain 779, of the api-
cal isomer; separation of this from the equatorial isomer
was readily accompanied by recrystallization from
water. Apical substitution predominates to about the
same extent in the second substitution with dimethyl
sulfoxide, since crude By Hg[S(CHs)z]» formed in excess
dimethyl sulfoxide was found to contain 569% of the
1,10- isomer [(0.77) = 0.59]. Virtually all of the re-
maining B Hs[S(CH;)z)e is the 1,6- isomer. The two
isomers can be separated by chromatography. Heating
1,10-B1Hs [S(CHj;)z e to 230° for 45 min. in Dowtherm
A resulted in partial rearrangement to 2,7(8)-B;Hs[S-
(CHa)z .

The chemical stabilities of BcHS(CHs),~ and ByoHs-
[S(CH;): s are comparable to that of BigHy?~. Neither
of the sulfonium salts is oxidized by silver nitrate. Oxi-

(9) This observation about the acetic acid system was first made by
Dr. W. C. Drinkard.
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dative coupling of B;sHS(CH,),~ by ceric ion does oc-
curl® as reported*! for BygHjp? ™ itself. Neither acid nor
base degrades BigHS(CHj)e~ or ByoHs[S(CHj), ], under
moderate conditions. For example, aqueous solutions
of the hydronium salt of B;HS(CHj), ™ are stable over
a wide concentration range, and BioH[S(CHjs):]s is un-
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hydrochloric acid. The latter species and the corre-
sponding 1,6- isomer, available from earlier work,’ have
been allowed to react with dimethyl sulfate to give the
corresponding isomers of (CHj):SBicHsN(CH;)s. Al
ternative preparations of the 1,6- isomer as well as routes
to the 1,2- and 2,7(8)- isomers are shown in Scheme I.

ScueMe 1

(CH3)2:S0-HCl
2-BicH,NH(CH;); ™ 88 —n—>

l (CH3)2504

(CH3)2:80-HCl

2-B10H9N( CHs)a— 5 —

affected by 29, sodium hydroxide in refluxing 509,
aqueous alcohol. However, treatment of BiHs[S-
(CHs), ). with tributylphosphine at 220° or with potas-
sium phthalimide in refluxing dimethylformamide
causes demethylation to give (CHj):SB1HSCH;™.
This monoanion is readily methylated with methyl
iodide to re-form the neutral derivative. Metallation
of the methyl groups but not the boron atoms results
from reaction with #-butyllithium.

Facile acid-catalyzed deuterium exchange has been
reported?® for BjoHio?~ In deuterium oxide solution,
under conditions that cause about 259, deuteration of
BiyH?~ in 2 min., no deuteration (B-D) of BjH,S-
(CH3),~ was detected. Approximately 509, deutera-
tion was achieved by heating an acidified deuterium
oxide solution of ByHS(CH;),~ to 80° for 3 hr. No
deuterium~hydrogen (B—-H) exchange was observed for
By oHs[S(CHj):]: under a variety of forcing conditions.
Perhalogenation of ByHyS(CHj),~ and ByoHs[S(CHj)sls
is also less facile than with BygHy?~. Partial halogena-
tion proceeds readily, however, and a monoiodo deriva-
tive (shown by n.m.r. to be mostly equatorially iodi-
nated) of By yHS(CH,),™ as well as monoiodo, mono-,
di-, and tribromo, and penta- and hexachloro deriva-
tives of By Hs[S(CH;);]: have been prepared. Treat-
ment of By H.Clg[S(CHj),], with tributylphosphine at
190° results in cleavage of two methyl groups to form
By H:Cls(SCH;3),2~. The halogen atoms are unaf-
fected in this reaction and in general appear to be as
tightly bound in these derivatives as in the simple
halogen derivatives of BjH;? .4

The reaction of 1-By(H S(CHj),~ with nitrous acid
yields a shock-sensitive species which can be converted
to 1,10-(CH,).SByHN,; by reduction. The nitrogen
in this inner diazonium salt, like that in 1,10-ByHs-
(N3)s,% is subject to displacement reactions, e.g.

1,10-(CH;3):SB1oHsN; + C;H;N —> N + (CH3),SB1HsNCsH;

Another product formed in the reaction of 1-BjHgS-
(CHjs)s~ with nitrous acid is 1,10-(CHg)sSB1HsNO™,
which has been isolated as a shock-sensitive cesium salt
and reduced to 1,10-(CHy),SB;;HsNH; with zinc and

(10) B. L. Chamberland and E. L. Muetterties, Inorg. Chem., 8, 1450
(1964).

(11) A. Kaczmarczyk, R. D} Dobrott, and W. N. Lipscomb, Proc. Nail,
Acad, Sci. U, S., 48, 729 (1962),

1,2-(CH;):8B1oHsN(CH;); +  1,6-(CH;)2SB1oHsN(CHjs)s

1,2-(CH;):SBoHsNH(CHj)s + 1,6-(CH;)eSB1HgNH(CHj;),

l (CH3)3504
+ 2,7(8)-(CH;)2SB1cHsN(CHj)s

The previously reported® preparations of 1,6-(CHj),S-
B1oHsNH; from both 1-BigH S(CHj),~ and 2-B;H,NH;~
unequivocally established the apical position of the
(CHS;),S group and the equatorial position of the NH;
group. The 1,6- assignment, as opposed to the only
other possibility, 1,2-, was largely based on steric
arguments. An X-ray determination of the structure
of 1,2-(CH,;),SBHsNH(CHj3), has since been made.!2
Because of the interrelationships shown above, this has
afforded confirmation of all the assignments for both the
1,6- and the 1,2- series. Aldehydes reacted with 1,6-
(CH3)2SB10HsNHj to give protonated Schiff bases, e.g.,
1,6-(CH;)2SB10HsNH=CHC:H.Cl and 1,6-(CH3);SBy,-
HENH:CHCGH‘;N(CH:;)Q

A number of other derivatives of BioHS(CH;),~ have
been prepared by reaction of BysHie2~ derivatives with
dimethyl sulfoxide and hydrochloric acid. For ex-
ample, B10H9C0C6H52_ 7 and 2-B10HQOCH:NH-
(CHjy);~ "have been converted to (CH;3)oSB1yHsCOCeH;—
and 1,6-(CH;):SB1HsOCH=NH(CHj),, respectively.
The latter is cleaved to 1,6-(CHs)sSB1HsOH ¥ by
aqueous sodium hydroxide. Certain oxygen deriva-

Figure 1.

(12) We are indebted to Dr. J. F. Whitney for permission to use these

results prior to publication.

(13) The 1,6- stereochemical assignment of this anion, and thereby of its
precursors and derivatives, rests on an independent synthesis from 1,6-
(CH3):SB1oHsCO which has been related to the known 1,8-(CHzy):SBioHsN-
(CH3)s. This is described in detail in the following paper of this series:
W. R. Hertler, W, H, Knoth, and E. L. Muetterties, Inorg, Chem., 4, 288
(1985). :
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tives of BygHye*~ react with dimethyl sulfoxide and hy-
drogen chloride with formation of dimethyl sulfoxide
derivatives.

2—B10H90CH02-7 (CH3)280

2-B;H,OH?~7 ———> 1,6-(CH;):SB1cHz0S(CHj)s

1,6-(CH;)25B10HsOH ~ HC OH-

1,6-(CH;3)2SB1cH;OH ~

Discussion

The mechanism of the reaction of B;oHi2~ with di-
methyl sulfoxide and hydrochloric acid has not been
determined. The fact that a B-S bond rather than a
B-O bond is formed appears explicable only on the
basis of attack by an electrophilic sulfur atom as in
(CH;):SOH* or (CH;),SC1+. Characterization of the
reaction as electrophilic is consistent with the failure
of BieHy:?—, known to be less reactive toward electro-
philes than ByHio?™, to undergo an analogous reac-
tion.

The 3:1 ratio of 1-BiHyS(CHy)y~ to 2-BioH,S-
(CH;),~ is far greater than the 1:4 ratio expected on a
statistical basis and is different from the stereochemical
results observed with other electrophilic reagents

(Table I). Clearly, the data assembled to date for
TaBLE I

Reagent Group introduced Stereochemistry
HONO, NaBH, -N.* Exclusively apicall'
NH:080:H ~NH;+ Predominantly equatorial®
(COCl), -COo+* Exclusively equatorial® 1!
C¢H;;COCl CeH;CO- Predominantly equatorial”
D;O+ -D Ratio of rates of ap. to eq. ex-

change is about 5:1

electrophilic substitution in ByoHje?~ and its derivatives
show no dependable correlation between ground-state
electronic charge distribution and the stereochemistry
of reaction.

The stereochemistry of the products from reaction of
dimethy! sulfoxide with 2-B;;H,N(CHj);~ and 2-B;,H,-
NH;— deserves comment since in the former reaction at
least three isomers (z.e., 1,6- (major product), 1,2-, and
2,7(8)-) of (CH;)sSB1oHsN(CH;); have been isolated,
whereas in the latter reaction only 1,6-(CH;)»SB1 HsNH;
was isolated.® These results would appear to confer
a special directive influence upon the NH; group. How-
ever, a mote reasonable explanation is that 1,6-(CHj)e-
SBcHgNH; has a much lower solubility in water than
do some of the unisolated isomers of this compound,
resulting in the selective loss of the soluble isomers dur-
ing work-up. It is interesting that in spite of the de-
activation of position 1 in 2-B;H¢N(CHs;);~ by the
bulky electronegative trimethylamino group, the reac-
tion of this anion with dimethyl sulfoxide appears to
give significantly more 1,2- than 2,7(8)-(CHj):SB1oHs-
N(CH;);. This further attests to the very decided
preference for apical vs. equatorial substitution in the
dimethyl sulfoxide reaction.

We have found no evidence of skeletal rearrangements
in BjyoHio?™ chemistry during reactions occurring at
either apical or equatorial® positions or in isolated
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products under moderate conditions; this is further
substantiated by the stereochemical integrity of 1,10-
B1oHs[S(CHj). e to 180°. These findings are critical
to any rationale of observed stereochemistry since they
preclude the possibility of skeletal rearrangements prior
to stereochemical characterization. Rearrangement
has been demonstrated! for some BysH;j?~ derivatives
at temperatures in excess of 200°, Another illustra-
tion of this is the rearrangement of 1,10-B;oH;s [S(CHj)s ],
to  2,7(8)-B1oHs[S(CHs)a]: at 230°. The observed
course of this rearrangement is that predicted! from
the simple model in which elongation of the By—B; and
BsB7 (or By—Bs to obtain the other member of an
asymmmetric pair) is the lowest energy pathway.

An interesting point with regard to the H! n.m.r.
spectrum of 2,7(8)-B1oH;s[S(CHsj)z)e is that the methyl
hydrogen resonance appears as two equal peaks sepa-
rated by about 3 c.p.s. (at 60 Mc.). At 100 Mc., the
separation is about 5 c.p.s. The nonequivalence of the
methyl groups may be attributed to the molecular
asymmetry which characterizes this isomer. This
phenomenon is not observed in 1,10- or 1,6-BjHs[S-
(CHs)s)s or in 1- and 2-BygHgS(CHj)s ™. The two peaks
coalesce with concomitant broadening at about 69°
which may be due to inversion of the sulfur atoms.
The H! n.m.r. spectrum of 2,7(8)-(CH;):SByHsN-
(CH3); likewise shows two peaks (separated by about
2 c.p.s. in chloroform) for the —S(CHj), group asym-
metry with the expected single peak for the -N(CHjy);
group, The separation of the S-methyl resonances is
solvent-dependent.

The empirical similarity of BioHs[S(CHs)zlo to Bio-
Hy[S(CHyg). ), and other ByHis(base): speciesi®18
which undergo facile ligand displacement reactions sug-
gests that ByHs[S(CHj): |, should be an intermediate to
a variety of ByHgy(base), species. That this is not the
case is demonstrated by the reaction of BioHs[S(CHs): s
with tributylphosphine to give (CHj;)eSB1HsSCH; ™ and
not BiHs[P(C:Hy):le. The only readily displaceable
ligand yet observed in a By Hy?~ derivative is nitrogen,
as in ByoHg(Ny),? and (CH3),SB1oHsNs.  The difference in
lability between the two ligands in the latter compound
is demonstrated by its reaction with pyridine in which
only the nitrogen is displaced.

A comparison of the spectral properties of 1,10-
(CH3):8B;pHsNO~ with those reported for a series
of nitroso derivatives of ByHie?™ is disappointing. A
strong band at 8.45 u (1180 cm.—?!) was assigned to the
NO absorption in the infrared spectrum of ByHisNO®~.
There is no significant absorption band near this fre-
quency in the infrared spectrum of Cs(CHj;):SB1HsNO.
Instead, there is an extra band in the CHj deformation
region which we are tentatively assigning to the N=0
stretching mode. In this region, there is a strong band
at 1425 cm.—!, assignable to the asymmetric deforma-~
tion of the CHj group, and a weaker band at 1330 cm.~*

(14) R. Schaeffer, J. Am. Chem. Soc., T9, 1006 (1957).

(15) M. F. Hawthorne and A. R. Pitochelli, ibid., 80, 6685 (1958).

(16) W. H. Knoth and E, L. Muetterties, J. Inorg. Nucl. Chem., 20, 66

(1961),
(17) R. A. Wiesboeck, J. Am. Chem. Soc., 88, 2725 (1963).
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for the symmetric mode.’® Both of these bands are
also present in the spectra of CsBigHyS(CHj)s, N2Big-
HS(CHj)y, and ByoHs[S(CHj)z . In addition, thereisa
band of moderate intensity at 1385 cm.—? in the spec-
trum of Cs(CHj)2SB1pHNO which is not in the spec-
trum of the other inner sulfonium salts, and we are as-
signing this as the N==0O stretching frequency. The
reported absorption range for NO groups on carbon is
1495 to 1620 cm.—! and the comment is made that the
NO absorption is particularly sensitive to the nature of
its environment.18®

The introduction of positively charged substituents
onto the ByoHj?~ cage should decrease reactivity to-
ward electrophilic reagents and this is consistent with
the observed orders of decreasing ease of deuteration
and halogenation: BigHjp?2~ > BiHS(CHjs)e™ > B
H3[S(CH;).].. Previously, evidence was presented’
which demonstrated that the net effect of halogen sub-
stitution on the ByHi?~ cage is one of inductive elec-
tron withdrawal. Such withdrawal should facilitate
nucleophilic cleavage of C—S bonds in derivatives of
BicH3[S(CH;): .. This is observed in the reaction of
By H:Cls[S(CH;),), with tributylphosphine at 190°
in which two methyl groups are cleaved, compared with
the cleavage of only one methyl group from BjHs[S-
(CHj;):] by the same reagent at 210°.

Experimental

The preparation of (NH,)B;Hijp has been described pre-
viously.® Proton nuclear magnetic resonance spectra were de-
termined at 60 Mc. on a Varian Model A60 spectrometer.
Boron spectra were determined at 19.2 Mc. on a Varian Model
V4300 spectrometer, except where otherwise noted, with methyl
borate as reference. Double irradiation was effected with an
NMR Specialties Model SD60 spin decoupler, Infrared spectra
were determined on a Perkin-Elmer Model 21 spectrophotometer.
Melting points are corrected unless noted otherwise. Silica gel
thin-layer chromatography plates (2 X 8 in.) were purchased
from Custom Service Chemicals, Inc., of Wilmington, Del.

ByoH S(CH;): —.—Hydrogen chloride was passed into a solu-
tion of (NH4)sBioHio (40 g., 260 mmoles) in 200 ml. of dimethyl
sulfoxide for 5 min. at a rate such as to keep the temperature at
about 60° with cooling in an ice-water bath. The solution was
then poured with stirring into 500 ml. of water and filtered
through Celite filter aid to remove a small amount of BjHg-
[S(CHs)]e. A solution of cesium fluoride (50 g., 0.33 mole) in 100
ml. of water was added to precipitate 38 g. (47%) of CsBioH,S-
(CHjs);. The analytical sample was recrystallized from a large
volume of water. Anal. Caled. for CsBigHS(CH;z)l C, 7.7;
H, 4.8; Cs, 42.6; B, 34.6; S,10.3. Found: C,7.7; H, 4.9;
Cs, 43.0; B, 33.8; S, 10.4. A tetramethylammonium salt was also
prepared and analyzed. Amnal. Caled. for (CH;)NBHS-
(CHs):: C, 28.4; H, 10.7; B, 42.7; S, 12.6. Found: C, 28.2;
H, 10.4; B, 42.0; S, 13.3.

A small aliquot of the crude cesium salt from a similar experi-
ment at 40°, with 30 g. (195 mmoles) of (NHy):B1oHi in 300 ml.
of dimethyl sulfoxide, was converted to a sodium salt by ion ex-
change. The H! n.m.r. of this salt in D;O had a peak atr 6.9
(apical S(CHj)y, relative intensity 3.4) and one at 7 7.61 (equa-
torial S(CHj)y, relative intensity 1). The remainder of the crude
cesium salt from this preparation was boiled with 1.2 1. of water,
cooled, and filtered to give 32 g. (53%) of Cs[1-BiHS(CHs),].

(18) The symmetrical deformation frequency for CHsS groups is at
1323 cm."!; see L. J. Bellamy, “The Infrared Spectra of Complex Mole-
cules,” 2nd Ed., John Wiley and Sons, Inc., New York, N. Y., 1858: (a) p. 25;
(b) pp. 303-308.
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The H! n.m.r. spectrum of this product (as sodium salt in D.0)
has a single peak at = 6.92 consistent with 1-ByHeS(CH;)™.
The B! n.m.r. spectrum of the same anion (as potassium salt in
water) shows an incompletely resolved doublet at low field which
apparently consists of a doublet at 14 p.p.m. (J ~ 97 c.p.s.),
representing one unsubstituted apical boron atom, superimposed
on a single peak at ~14 p.p.m., representing one substituted
apical boron atom. These peaks decouple to a single peak on
irradiation at 60 Mc. There is alarger doubletat47.6 p.p.m.(J
= 128 c.p.s.) which represents eight unsubstituted equatorial
boron atoms. This doublet decouples to a single peak on irradia-
tion at 60 Mc.

Evaporation of the aqueous extract of the crude product gave
10 g. (16.49,) of CsBi1oHsS(CH;); which consisted of a mixture of
1- and 2- isomers in the ratio of 1:5.7 as determined by H! n.m.r.
Three recrystallizations of this from water gave 3.16 g. of
CS[2'B10HQS(CH3)2] . Amnal. Caled. for CSBmHgS(CHa)z: C,
7.69; H, 4.8; B, 34.6; S, 10.3. Found: C, 7.54; H, 4.9;
B, 34.7; S, 10.0 The H! n.m.r. spectrum of this isomer (as
sodium salt in DyO) shows two peaks at 7 7.63 (equatorial
S(CHjs)e) and 6.92 (apical S(CHj)e). The intensity ratio of the
peaks indicates that the product consists of 939, 2-B;HeS-
(CHs).~ and 7% 1-BioHeS(CH;),~. The B n.m.r. spectrum
(19.2 Mc.) of the product (as sodium salt in water) shows two
overlapping doublets at 19.6 p.p.m. (J = 138 c.p.s.) and 22.6
p.p.m. (J = 137 c.p.s.) which can be decoupled to two single
peaks on irradiation at 60 Mc. These doublets represent two
unsubstituted apical boron atoms which experience different
chemical shifts. The seven unsubstituted equatorial boron atoms
are represented by a larger doublet at 46 p.p.m. (J = 104 c.p.s.)
which can be decoupled to a single peak on irradiation at 60 Mec.
In addition, there is a peak at 36.2 p.p.m. which represents one
substituted equatorial boron atom and is unaffected by irradia-
tion at 60 Mc.

1,10- and 1,6-B1Hs[S(CHs),J:. (A).—Hydrogen chloride was
passed into a solution of (NH,);BieHio (20 g., 130 mmoles) in 100
ml. of dimethyl sulfoxide with cooling in an ice-water bath for 1
hr. at a rate such that the temperature was maintained at 50-60°.
A solid formed, and the mixture became very thick, It wasadded
with stirring to 600 ml. of water. Crude BiHs[S(CH;).]: pre-
cipitated and was washed with five 50-ml. portions of water.
The residue was dissolved in 300 ml. of acetone and filtered, and
the acetone solution was added with stirring to 400 ml. of water to
reprecipitate 29 g. (983%) of crude B;)H;[S(CHj):lz, m.p. 249—
251°, The H! n.m.r. spectrum of the crude product in chloro-
form-d showed peaks at = 6.8 (relative intensity 3.58, apical
S(CHai),).and 7.52 (relative intensity 1, equatorial S(CHs).) con-
sistent with a mixture of 569, of the 1,10- and 449} of the 1,6-
isomer. The analytical sample was recrystallized from aqueous
alcohol, m.p. 242-242.5°, Anal. Caled. for BigHg[S(CHs)el2:
C, 20.0; H, 8.4; B, 45.0; mol. wt., 244. Found: C, 19.3;
H, 8.5; B, 44.8; mol. wt., 247 (cryoscopic in (CHj3).80).

(B).—A stream of gaseous hydrogen chloride was passed
through a mixture of 20 g. (0.13 mole) of (NH4)eB1oH)g, 23 ml. of
dimethyl sulfoxide, and 100 ml. of glacial acetic acid for 1 hr.
The temperature was prevented from rising above 60° by occa-
sional use of an ice bath. The resulting mixture was filtered, and
the filter cake was washed well with water to give 22.5 g. (729%)
of B1oHs[S(CHj; ).z as a mixture of 1,10- and 1,6- isomers. Thin-
layer chromatography of the crude product on silica gel using
ethylene chloride showed two spots at R; 0.55 (1,6- isomer) and
R; 0.63 (1,10- isomer). The H! n.m.r. spectrum of the crude
prouct in chloroform-d showed peaks at = 7.0 (relative intensity
3.86, apical S(CHjs)s) and 7.7 (relative intensity 1, equatorial
S(CH;)), with a high-field shoulder (relative intensity 0.107)
consistent with an isomeric mixture consisting of 64.7% 1,10-
and 33.5% 1,6-BiHs[S(CHj;):], with 1.89, of diequatorial iso-
mer(s).

A 10-g. portion of the crude product was chromatographed on
1000 g. of acid-washed alumina (Woelm). Elution with 28 100-
ml. portions of 1:1 benzene—ethylene chloride gave 6.22 g. of
1,10-B1oHs[S(CH3),): followed by a small fraction (0.54 g.) con-
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taining a mixture of isomers, and finally, by eluting with 1:1
acetonitrile—ethylene chloride, 2.85 g. of 1,6 BioHs[S(CH;)l»
was obtained.

A sample of 1,10-B1oHs[S(CH;):]» was prepared for analysis by
recrystallization from benzene—cyclohexane to give crystals with

m.p. 257-2568°. Anal. Caled. for ByHs[S(CHs)le: C, 20.0;
H, 8.4; B, 45.0; S,26.6. Found: C, 19.7; H, 8.11; B, 44.5;
S, 26.4.

Thin-layer chromatography of the product on silica gel (ethyl-
ene chloride) showed a single spot (R¢ 0.63). The H! n.m.r.
spectrum of 1,10-ByoHs[S(CH;):)s in chloroform-d has a single
peak, at r 6.95. The B! n.m.r. spectrum (19.2 Mec.) in aceto-
nitrile shows a peak at 8.15 p.p.m. (relative intensity 1.8) which
can be assigned to the two substituted apical boron atoms and a
doublet at 43 p.p.m. (J = 135 c.p.s., relative intensity 8.2)
which can be assigned to the eight unsubstituted equatorial boron
atoms (can be decoupled to a single peak by irradiating at 60
Me.).

A sample of 1,6-B1oHs[S{CHj):]: was prepared for analysis by
recrystallization from benzene—cyclohexane to give feathery
crystals with m.p. 235-236°. Anal. Caled. for BiogHs[S(CHs)alo:
C, 20.0; H, 84; B, 45.0; S, 26.6. Found: C, 20.3; H, 8.4;
B, 44.8; §,27.1.

Thin-layer chromatography of the product on silica gel showed
a single spot (R; 0.55). The H! n.mr. spectrum of 1,6-BjH;-
[S(CHj3):]2 in chloroform-d has two equal peaks at r 6.95 (apical
S(CHj3)s) and 7.65 (equatorial S(CHj3):). The B! n.m.r. spectrum
(19.2 Mec.) in acetonitrile shows a peak at 12.3 p.p.m. with a
distincet shoulder at ~17.3 p.p.m. which can be assigned to a
substituted apical boron atom (~12.3 p.p.m.) and an unsub-
stituted apical boron atom (doublet ~14.7 p.p.m., J ~ 95 c.p.s.),
and a doublet at 45.1 p.p.m. (J = 146 c.p.s., seven equatorial
boron atoms) with a low-field shoulder (one substituted equatorial
boron atom). On irradiating at 60 Mec. the peaks at 12.3 and
14.7 p.p.m. collapse to a broad peak, and at a slightly different
irradiating frequency the doublet at 45.1 p.p.m. collapses to a
single sharp peak and the low-field shoulder becomes discernible
as a distinct peak of relative intensity ~1.3 compared to 1.9 for the
12.3 and 14.7 p.p.m. peaks and 6.8 for the 45.1 p.p.m. doublet.

2,7(8)-BioHs[S(CH, )], (C).—A mixtureof 3 g.(12.4 mmoles)
of 1,10-B;Hs[S(CHj;)]: and Dowtherm A was heated in an oil
bath at 230° for 45 min. The resulting solution was treated with
pentane, and the precipitate was collected by filtration. The
filter cake was extracted with warm benzene—cyclohexane, and
the extract was evaporated. The residue was recrystallized twice
from chloroform-—carbon tetrachloride to give 125 mg. (2.89,) of
crystalline 2,7(8)—B10H3[S(CH3)2]2'CHCl:,, m.p. 226—227.50.
Anal. Caled. for BjgHg[S(CH;)l.- CHCl;: C, 16.7; H, 5.9;
B, 30.1; S, 17.8; Cl, 29.6. Found: C, 16.9; H, 6.3; B, 31.4;
S, 19.0; Cl, 26.7. The analysis indicates less than one chloro~
form of solvation. Recrystallization from ethanol gave 2,7(8)-
BmHg[S(CHa)z]z, Anal. Caled. for BloHs[S(CHa)z]gi C, 20.0;
H, 8.4; S, 26.6. Found: C, 19.2; H, 8.2; S, 26.5. The H!
n.m.r. spectrum of 2,7(8)-ByHs[S(CH;)]: in chloroform-d has
two equal peaks at 7 7.62 and 7.67, presumably due to the mole-
cular asymmetry. At 100 Mec., the separation of the two peaks
is 5 c.p.s. On heating a solution of 2,7(8)-BioH;[S(CHj)]: in
Dowtherm A to 77°, the two peaks collapse to a single peak.
The BY n.m.r. spectrum (32.1 Mec.) in chloroform-d shows a
doublet at low field (used as aribitrary reference point, 0 p.p.m.)
with J = 154 c.p.s. which has a relative intensity of 2. This
peak is assigned to two unsubstituted apical boron atoms. A
single, slightly broad, peak at 13.8 p.p.m. is assigned to two sub-
stituted equatorial boron atoms. Three peaks at high field can
be attributed to two overlapping doublets at 23.3 p.p.m. (J =
145 c.p.s.) and 27.7 p.p.m. (J = 135 c.p.s.) with relative inten-
sities 2:4 which can be assigned to six unsubstituted equatorial
boron atoms. Since there is a single resonance doublet for both
apical boron atoms, the substituents must be located on different
equatorial belts, Z.e., 2,7(8)- or 2,6(9)- substitution. In 2,6(9)-
BoH[S(CHj;),)» the six unsubstituted equatorial boron atoms con-
sist of two equivalent boron atoms which are adjacent to two
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sites of substitution, two equivalent boron atoms which are ad-
jacent to one site of substitution, and two equivalent boron atoms
which are not adjacent to sites of substitution. In the 2,7(8)-
isomer, two equatorial boron atoms are adjacent to two sites of
substitution and four equatorial boron atoms are adjacent to one
site of substitution. Thus, the unsubstituted equatorial boron
atoms in the 2,6(9)- isomer would probably produce three equal
doublets while the unsubstituted equatorial boron atoms in the
2,7(8)- isomer would probably produce two doublets in the ob-
served ratio of 1:2.

Metallation of B;gHs[S(CH;):];.—A solution of #-butyllithium
in heptane-pentane (71 mmoles in 40 ml.) was added slowly to a
slurry of ByoHs[S(CHs)s): (6.0 g., 25 mmoles) in 150 m]. of ether
in a nitrogen atmosphere. The B;H3[S(CHj):]s dissolved., DO
(2.5 g., 125 mmoles) was added slowly, precipitating a solid.
This was removed by filtration, dissolved in acetone, reprecipi-
tated in water, dried, and then put through the same procedure
again. The final product was recrystallized from aqueous eth-
anol, m.p. 260-261° (uncor.). Anal. Caled. for BiyHs[S(CH;)yls:
C, 20.0; H, 84; B, 45.0; S, 26.6. Found: C, 19.8; H, 8.4;
B, 42.8; S, 27.1. The infrared spectrum had a weak band at
2250 em.™! for C-D stretching but had no B-D absorption
bands.

BloHsSCHg'S(CHs)za. (A)-*—:\ mixture of BmHg[S(CHg)z]Z
(2.0 g., 8.4 mmoles) and tributylphosphine (6 ml.) was heated at
210° for 3 min. in a nitrogen atmosphere to form a clear colorless
solution. The tributylphosphine was removed by distillation
under vacuum, and the residue was washed thoroughly with
benzene. It was then dissolved in 25 ml. of methanol and filtered
into an ethanolic solution of tetramethylammonium chloride to
give (CH;)NB1HsSCH;- S(CH;): in 679 yield. The analytical
sample was recrystallized from water. Awnal. Caled. for (CHj)s-
NB,HsSCH;-S(CHs)e: C, 28.1; H, 9.8; B, 36.2; N, 4.6; S,
21.4. Found: C,27.7; H,9.5; B,36.4; N, 4.4; S, 21.5.

(B).—A solution of BHs[S(CHj):]e (4.0 g., 16.4 mmoles) and
potassium phthalimide (4.0 g., 23 mmoles) in 75 ml. of dimethyl-
formamide was refluxed for 20 min., cooled, and filtered. The
filtrate was concentrated under vacuum until a sludge formed, and
this was stirred with water and filtered. The water-insoluble
portions were found, by infrared analysis, to be a mixture of
BiyHs[S(CH;).]:, phthalimide, and N-methylphthalimide. The
addition of tetramethylammonium chloride to the filtrate precip-
itated (CH;)sNBiyHsSCH;: S(CHs), (0.4 g., 89%), identical by
infrared analysis with that prepared above. Anal. Caled. for
(CH3)4NB10HSSCH3'S(CH3)25 B, 36.2, S, 21.4. Found: B,
35.7; S, 21.8.

A solution of (CHy) NB;yHsSCH; S(CH;); (1.4 g., 4.7 mmoles)
in hot water was passed through an ion-exchange column packed
with Amberlite IR 120(H) resin. The effluent was evaporated to
dryness leaving a benzene-soluble solid. This was recrystallized
from benzene-petroleum ether to obtain 0.6 g., 369 of By HsS-
(H)CHj;-S(CH;),, dec. pt. 190-195° (uncor.). Anal. Caled.
for BjyHsS(H)CH; - S(CH;): B, 47.8; S, 28.3. Found: B,
47.8; S, 28.4. Treatment of an aqueous solution of BjHsS-
(H)CH;  S(CHy): with tetramethylammonium hydroxide re-
formed (CH3)4NB10H55CH3 N S( CH;g)z.

The addition of methyl iodide to a solution of (CH;)NBioHs-
SCH;- S(CH;); in dimethylformamide gave a nearly instanta-
neous precipitation of tetramethylammonium iodide with accom-
panying formation of BiHs[S(CHj)ale which was precipitated by
dilution of the solution with water, recrystallized from aqueous
acetone, and identified by infrared analysis.

B1oH;Cl; [S(CH; ).}o.—Chlorine was passed into a solution of
BioHs{S(CH;)]» (4.0 g., 16.5 mmoles) in 40 ml. of acetonitrile.
The reaction temperature rose to 71°, and chlorination was con-
tinued until the temperature fell to 30°. The solution was
poured into 200 ml. of water causing the separation of a grease.
This was removed and solidified by brief trituration in boiling
water. Extraction of the solid with three 50-ml. portions of
boiling ethanol gave three crops of crystals, total weight 1.7 g.
The last crop, 0.8 g. (149,), m.p. 314-317° (uncor.), was By H;-
Cla[s(cH;)z]z Anal. Caled. for BmHgCla[S(CHg)z]z: C, 11.6,
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H, 3.6; B, 26.3; Cl, 42.9; 8, 15.5.
B, 25.7; Cl,43.9; S, 14.7.

B, H,Cl;[S(CH3)s]s.—Chlorine was passed into a solution of
B1oHs[S(CHj)sls (10 g., 41.7 mmoles) in 75 ml. of acetonitrile.
The solution refluxed spontaneously. When it began to cool,
heat was applied to maintain reflux, and chlorination was con-
tinued an additional 7 hr. A crystalline solid (A, m.p. 359°
(uncor.), 0.5 g.) separated during the chlorination. This was
removed by filtration; the filtrate was concentrated to 30 ml. and
then poured into 200 ml. of water. A white solid precipitated
and was separated into three crystalline fractions (B, m.p. 340-
359° (uncor.), 1.0 g.; C, m.p. 368-369° (uncor.), 4.5 g.; D,
m.p. 360-361° (uncor.), 1.6 g.) by successive extractions with
ethanol-water, with ethanol-water—acetonitrile, and, finally,
with hot acetonitrile to which ethanol-water was added at the
boiling point until the cloud point was reached. Fractions A
and D (the least soluble fractions) had identical infrared spectra,
different from those of fractions B and C. Fractions C and D
both analyzed for B;oH,Cls[S(CH;):]2 and are assumed to be iso-
mers. Anal. Caled. for BieHClg[S(CH;)el.: C, 10.7; H,
3.14; B, 24.2; Cl, 47.6; S, 14.5. Found: (C) C, 12.0; H,
3.3; B,24.3; §,13.8; (D) C,11.2; H, 3.2; B, 25.0; CIl,47.9;
S, 14.0.

B;oncls(ScH3)22_.—A solution of Bloncls[S(CHg)ﬂz (1 g 2.2
mmoles) in tributylphosphine (8 ml.) was heated to 195° under
nitrogen for 20 min. The mixture was cooled and the super-
natant tributylphosphine was decanted, The residue was washed
with benzene and dissolved in methanol. Addition of this solu-
tion to alcoholic tetramethylammonium hydroxide precipitated
[(CH3)4N1:BiuHsClg(SCH;)2, which was recrystallized from
water. Amnal. Caled. for [(CH;3)N1:B1oH:Clg(SCH;)e: B, 19.1;
S, 11.3; N, 5.0. Found: B, 18.8; S, 11.3; N, 54.

B,cH,Br{S(CH;);];.—Bromine (6.7 g., 42 mmoles) was added to
a solution of BygHs[S(CHs)sls (10 g., 41.7 mmoles) in 40 ml. of
dichloromethane. ' The bromine reacted rapidly. Evaporation
of the solution left an almost white solid which was extracted
with five successive portions of propanol to obtain the following
crystalline fractions: A, m.p. 205-208° (uncor.), 1.0 g.; B, m.p.
215-217° (uncor.), 1.2 g.; C, m.p. 222-224° (uncor.), 6.8 g.;
D, m.p. 225-227° (uncor.), 3.18 g.; E, m.p. 230-233° (uncor.),
1.45 g. The infrared spectra of all these fractions were similar.
Fractions D and E (total yield 4.6 g., 349,) were found by analy-
sis to be BiH;Br[S(CHj)ele. Amnal. Caled. for BiH;Br(S-
(CH;)la: C, 15.1; H, 6.0; B, 33.8; Br, 25.0; S,20.0. Found:
(D) C, 15.4; H, 6.2; B, 34.5; Br, 25.2; S, 20.2; (E) B,
33.3; Br, 24.4.

BiyHBry[S(CHj;):];.—A solution of bromine (15 g., 94 mmoles)
in 75 ml. of acetonitrile was added to a solution of B;oHg[S(CHj)s)e
(10 g., 41.7 mmoles) in 75 ml. of acetonitrile. The solution was
refluxed for 30 min., added to 300 ml. of methanol, and filtered.
The filtrate was chilled in Dry Ice, precipitating 7.7 g. of Bjg-
HeBr:[S(CH3)s]s; an additional 4 g. was obtained by concentra-
tion of the mother liquors to 30 ml. After recrystallization from
aqueous methanol it had m.p. 193-195° (uncor.). Anal.
Caled. for BmHeBI‘z[S(CHa)zh! B, 271, Br, 4:02, S, 16.1.
Found: B, 27.2; Br, 41.3; S, 16.2. There was no ultraviolet
absorption maximum in acetonitrile solution.

BicH:Br;{S(CHj;).];.—A solution of bromine (15 g., 94 mmoles)
in 75 ml. of acetonitrile was added to a solution of BiH;[S-
(CHj)e]z (10 g., 41.7 mmoles) in 75 ml. of acetonitrile. The reac-
tion solution was refluxed 30 min.; an additional 13 g. (81
mmoles) of bromine in 50 ml. of acetonitrile was added and re-
fluxing was resumed for 16 hr. The solution was concentrated to
100 ml. and filtered to obtain a tan solid which was extracted with
two 20-ml. portions of hot acetonitrile. A small amount of crys-
tals, m.p. 277° (uncor.), separated upon cooling. The extrac-
tion residue was recrystallized from 100 ml. of hot acetonitrile to
obtain a second crop of crystals, m.p. 282° (uncor.). A third
crop, m.p. 281° (uncor.), was obtained by the addition of water
to the mother liquors at the boiling point until the cloud point
was reached and then allowing the solution to cool. The total
yield was 1.5 g. (8%). The crystals with m.p. 282° were ana-

Found: C, 11.8; H, 3.8;

CHEMISTRY OF BORANES 2853

lyzed. Amnal. Caled. for By H;Brs[S(CH;))e: C, 10.0; H, 3.6;
B, 22.7; S, 13.4. Found: C, 10.8; H, 3.8; B, 23.1; S, 13.2.
Ultraviolet Ao 220 my (e 10,000), shoulder at 255 mu (e 1050).

B oH;I[S(CHj;):]:.—Iodine monochloride (6.8 g., 41 mmoles)
in 75 ml, of dichloromethane was added to a solution of BjHs-
[S(CH;)e): (10 g., 41.7 mmoles) in 100 ml. of dichloromethane.
The solution was stirred for 3 hr., concentrated to 20 ml., and
added to 250 ml. of ethanol with stirring. A gummy solid sepa-
rated. Two recrystallizations of this solid from ethanol gave 1.6
g. (10.59,) of BioH;I{S(CHjs):]s, m.p. 195-198° (uncor.). Anal.
Calced. for B,oH,I[S(CHs)ele: C, 13.1; H, 5.2; B, 29.5; I, 34.7;
8,17.5. Found: C, 13.9; H, 5.5; B, 29.9; I, 33.6; S, 17.8.

B oHJIS(CH;y), ~.—A solution of iodine (8.1 g., 32 mmoles) in
25 ml. of dimethylformamide was added to a solution of CsBiHS~
(CH;): (10 g., 32 mmoles) in 110 ml, of dimethylformamide.
The iodine color disappeared after 5 min. stirring, and the solu-
tion was added with stirring to 500 ml. of aqueous tetramethyl-
ammonium hydroxide. The resulting precipitate of (CHj)-
NBiHsI-S(CHj,): was recrystallized from water to obtain a final
yleld of 7.3 g. (61%). Anal. Caled. for (CHs)q,NBmHgI'
S(CH;): C, 19.0; H, 6.9; B, 28.5; S, 8.5; I, 33.5. Found:
C,19.3; H,6.9; B,27.8; S,8.5; I,34.5.

There was no ultraviolet absorption maximum in acetonitrile.
The BY n.m.r. in water solution (after conversion to a sodium
salt by ion exchange) had poorly resolved irregular broad peaks
in the apical and equatorial regions. Proton decoupling affected
the apical (as well as the equatorial)} peak considerably, showing
the presence of apical B-H in at least a large portion of the prod-
uct. The iodine must, therefore, be largely on equatorial boron
atoms.

1,6-(CH;).SB,iH;OH~.—Cs[2-B;)HyOCH=N(CHj; )] (12.5 g.,
38.8 mmoles) was dissolved in 50 ml. of dimethy! sulfoxide. Con-
centrated hydrochloric acid (18 ml.) was added, and the solution
was warnied on a steam bath for § min. and poured into 250 ml.
of water. Five grams of a solid, presumably 1,6-(CHj;);SBio~
H,OCH=N(CHj,)s, precipitated. This was separated and then
dissolved in 50 ml. of 109, aqueous sodium hydroxide with stir-
ring. This solution was filtered; the addition of excess cesium
hydroxide solution to the filtrate precipitated a low yield of Cs-
1,6-B;yHyOH - S(CHj); which was recrystallized from water before
analysis. Anal. Caled. for CsBHsOH S(CH;3): C, 7.3; H,
4.6; B, 32.9; 8, 9.8. Found: C, 6.5; H, 4.3; B, 32.6;
S, 9.5. The ase of Csy[2-B;oH,OCHO] in place of Cs[2-BjHs-
OCH==N(CHj3;),] in the above reaction led to the same product.
The anion was also characterized as a tetramethylammonium
salt. Amnal. Caled. for (CH;)iNBoHsOH-S(CH;): C, 26.7;
H, 10.0; B, 40.1; N, 5.2; S, 11.9. Found: C, 26.6; H, 9.9;
B, 39.7; N, 5.2; S, 11.8. The presence of the hydroxyl group
was established by a sharp O-H stretching absorption at 3600
cm. %,

1,6-(CHa)zSBmHsOS(CHg)z.“CSz[2-B10H90H] (9.4 g 23.5
mmoles), dimethyl sulfoxide (50 ml.), and 12 ml. of concentrated
hydrochloric acid were mixed and heated on a steam bath for 40
min. The mixture was filtered, and the filtrate was poured into
200 ml. of water to precipitate 1.0 g. (169) of 1,6-(CH;):SB;oHg-
OS(CHjs);. The analytical sample was recrystallized from 509,
aqueous ethanol. Anal. Caled. for (CHj3):SBi1oHgOS(CHs)s:
C, 18.8; H, 7.8; B, 42.1; S, 25.0. Found: C, 19.3; H, 8.2;
B, 42.0; S,25.4. This compound can also be prepared under the
same reaction conditions using Cs;[2-BiHyOCHO] or Cs[1,6-
(CH3),SB1 HsOH] in place of Cs;[2-B1oHsOH]. Refluxing a mix-
ture of 1,6.-(CH;)SB1cHsOS(CHj), and aqueous sodium hydroxide
until a clear solution was formed, followed by addition of cesium
chloride, gave Cs[1,6-(CH;)SB;HsOH], identified by infrared
analysis. The position of attachment of the labile methyl sulfide
is shown by the absence of O—H stretching absorption in the in-
frared spectrum of 1,6-(CH;)SB1oH:OS(CHj)s.

(CH3):SB;oH;COCH; ~.—[( CH3) N1 B, H,COCeH; (5 g., 13.5
mmoles) was slurried in 50 ml. of glacial acetic acid. Dimethyl
sulfoxide (2.1 g., 28 mmoles) was added. The mixture was
placed in an ice-water bath and hydrogen chloride was passed
into it for 5 min, at 12-23° during which a clear, dark red solu-



286 W. H. KxorH, W. R. HERTLER, AND E, L. MUETTERTIES

tion formed. Pouring this solution into 400 ml. of water pre-
cipitated 3.5 g. of an orange solid. This was dissolved in a small
amount of acetone, and the solution was poured into aqueous
potassiumm hydroxide. The resulting cloudy solution was fil-
tered, and the addition of aqueous thallium nitrate to the filtrate
precipitated TIB;HsCOCeH;- S(CHs), as a light yellow solid.
This was recrystallized from water on a steam bath; it appeared
to decompose in boiling water. Anal. Caled. for TIByHs-
COC¢H;-S(CH; )t C, 22.2; H, 3.9; B, 22.0; S, 6.5. Found:
C,23.0; H,44; B,22.7; S, 7.4.
1,10—(CH3)2SB10H3N2.—-A solution of Na[1~B10HQS(CH3)2]

(26 g., 130 mmoles) and sodium nitrite (45 g., 650 mmoles) in
100 ml. of water was prepared and cooled in an ice-water bath.
Hydrochloric acid (130 ml. of 3.6 J/) was added slowly with stir-
ring. The mixture foamed, became dark brown, and a solid
separated. This solid is explosive and is extremely sensitive. It
should be kept moist at all times and, if allowed to dry, should not
be scraped or handled in amounts larger than a few milligrams.
The mixture was filtered.  The filter cake was dissolved in
methanol and sodium borohydride was added slowly with stir-
ring to the dark methanol solution until the color became very
light yellow. The methanol solution was concentrated to 100 ml.
and added to 400 ml. of water to precipitate 8 g. (309) of 1,10-
(CH;)2SBjgHgN:. The analytical sample was recrystallized from
ethanol, dec. pt. 165-172°, Adnal. Caled. for (CH;):SB1oHsNo:
C, 11.6; H, 6.8; B, 52.5; N, 13.6; mol. wt., 206. Found:
C, 12.2; H, 7.3; B, 52.4; N, 14.0; mol. wt., 201 (b.p. inethyl-
ene chloride). Ultraviolet Apax 252 mu (e 20,600).

The infrared spectrum includes absorptions for B~H at 2515
cm. ! and for N=N at 2240 ¢cm."!, The H! n.m.r. spectrum in
deuterioacetone consists of a single sharp peak at r 7.28,

The B!! resonance spectrum in acetone-d consists of a peak at
approximately O p.p.m. and a very broad one at 1.3 p.p.m. over-
lapping an apparent 1:2:1 triplet at 33.3, 39.2, and 44.2 p.p.m.
Decoupling affects the triplet but not the two low-field peaks.
Integration is obscured by overlapping, but approximate inten-
sity ratios for the two low-field peaks and the triplet are 1.2:
1.3:7.5. The 0 p.p.ni. peak is assigned to an apical boron at-
tached to sulfur, the 1.3 p.p.m. peak, because of its very broad
character, is assigned to a boron (apical) attached to nitrogen, and
the triplet to two overlapping doublets each representing four
equatorial hydrogen-bonded boron atoms. The addition of ex-
cess aqueous cesium fluoride to the filtrate from the crude reaction
mixture precipitated 3.5 g. (189;) of Cs[1,10-(CH;)eSB1oHsNO]
as a yellow solid. The analytical sample was recrystallized from
water. Anal. Caled, for Cs(CH;)SB1oHsNO: C, 7.0; H, 4.1;
B, 31.7; Cs, 39.0; N, 4.1. Found: C, 7.6; H, 4.5; B, 31.0;
Cs, 37.6; N, 4.5. Ultraviolet Ayax 257 mu (e 6900). Cs[1,10-
(CH;):8ByHs N O] is impact sensitive.

The proton resonance of this salt in (CD;).SO shows a single
sharp resonance at r 7.27. The B! resonance spectrum of the
corresponding sodium salt in D;O has single peaks, which do not
decouple, at 0.36 and 8.6 p.p.m. and a doublet, which does de-
couple, at 43.8 p.p.m. (J = 132 c.p.s.). The intensity ratio of
the two low-field peaks to the high-field doublet is 1.8 to 8.2,
establishing the apical positions of the substituents.

An increased yield of 1,10-(CH;)»SB1,HsN; was obtained by
using acetic acid in place of hydrochloric acid. A solution of
Na[1-B;0HeS(CH;):] (3.5 g., 17.3 mmoles), sodium nitrite (10
g., 145 mmoles), and 60 ml. of water was prepared. Glacial
acetic acid (5 ml., 87 mmoles) was added over a period of 1-2
min.; the solution was stirred 10 min. and then filtered. The
filter cake (the cautions above regarding this explosive inter-
mediate also apply here) was extracted several times with alcohol.
An alcohol-insoluble residue was dissolved in glyme. The alcohol
and glyme solutions were each stirred with zinc dust and a small
amount of hydrochloric acid until they were light green in color.
They were then filtered into an excess of water to precipitate a
total of 2.3 g. (649%) of 1,10-(CH;):SB1gHsN;. This yield was
reproducible. In control runs with hydrochloric acid, the yields
of the diazonium product were 25-309%,. Thin-layer chromatog-
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raphy of the crude product on silica gel (ethylene chloride)
showed the presence of only one isomer.

(CHs)zSBmHsNC‘sHs.*—:& solution of 1,10-(CH3)2SB10H5N2
(2.4 g., 11.6 mmoles) in 75 ml. of pyridine was refluxed for 16 hr.
Nitrogen (260 ml., 929;) was evolved. The solution was stirred
into 400 ml. of water. The addition of 75 ml. of 12 M hydro-
chloric acid to the solution precipitated 1.9 g. (64%,) of (CHj)e-
SByHgNC;H;. The analytical sample was recrystallized from
aqueous glyme, m.p. 266-268°, Anal. Caled. for (CHj),S-
BioHsNC:H;: C, 32.7; H, 7.4; B, 42.0; N, 5.4. Found: C,
33.6; H, 7.4; B, 41.4; N, 5.5. Ultraviolet \owo"" 318 my (e
8700), 232 mu (e 9300).

1,10-(CH3)QSB10H8NH3._‘& mixture of CS[l,lO'(CHs)zSBw-
HNO]J (0.5 g., 1.5 mmoles), zinc dust, and dilute hydrochloric
acid was heated on a steam bath for 30 min. and filtered while
still hot. Crystalline 1,10-(CH;)%SBHsNH; separated rom
the filtrate on cooling. Anal. Caled. for (CHj;):SBioHsNH;:
C,12.3; H,8.7; N,7.2. Found: C,11.9; H,9.1; N, 7.1.

1,10-(CH;).SBHsN(CH;);.—To a refluxing solution of 120 mg.
of 1,10-(CH;).SB1cHgNH; in 30 ml. of water was added 5 ml. of
10% sodium hydroxide solution and 0.6 ml. of dimethyl sulfate.
Tetrahydrofuran (15 ml.) was added to retard precipitation of in-
completely methylated products, and three more additions of 5
ml. of 109, sodium hydroxide and 0.6 ml. of dimethyl sulfate
were made. The mixture was concentrated iz wvacuo, and the
resulting slurry was filtered to give 120 mg. of 1,10-(CH;)eSBio~
HN(CH;); as a tan solid. Recrystallization from ethanol-ace-~
tone gave off-white crystals with m.p. 268.5-269.5° (cor.).
Amnal. Caled. for (CH;):SB;HsN(CH;)s: C, 25.3; H, 9.8; S,
13.5. Found: C, 25.0; H,9.7; S, 13.8.

The infrared spectrum of the product shows no absorption at-
tributable to N-H and differs markedly from the spectra of 1,2-,
1,6~, and 2,7(8)-(CH3)QSB10H8N<CH3)3

The H! n.m.r. spectrum of the product in chloroform-d shows
two peaks at 7 6.38 (relative intensity 1.5) and 6.92 (relative in-
tensity 1) which can be assigned to apical N{CHj); and apical
S(CHj3)z, respectively.

The B! n.m.r, spectrum (19.2 Mc.) of the product shows two
single peaks at —4.9 and +14.2 p.p.m. (unaffected by double
irradiation) and a large doublet at 45.4 p.p.m. (J = 134 c.p.s.)
which collapses to a single peak on irradiation at 60 Mc. The
—4.9 p.p.m. peak can be assigned to one N(CHj)s-substituted
apical boron atom, and the +14.2 p.p.m. peak can be assigned to
one S(CHj;),-substituted apical boron atom. The 45.4 p.p.m.
doublet can be assigned to the eight unsubstituted equatorial
boron atoms.

Thin-layer chromatography of 1,10-, 2,7(8)-, 1,6~, and 1,2-
(CHj;)eSB19oHsN(CH3); on silica gel using 29, acetonitrile in ethyl-
ene chloride gave R; values of 0.62, 0.61, 0.56, and 0.21, re-
spectively.

1,2- and 1,6-(CH3>QSB10H3NH<CH3)2.—A. mixture of 1.67 g.
(7.1 mmoles) of (CH;)N[2-BjoH,;NH(CHj),],267 9.5 ml. of di-
methyl sulfoxide, and 3.1 ml. of concentrated aqueous hydro-
chloric acid was heated on a steam bath for 45 min., cooled, and
poured into ice—water. Filtration gave 1.34 g. of (CH;):SBjoHs-
NH(CH;).. The crude solid was extracted with warm ethylene
chloride, leaving 160 mg. (10%) of undissolved 1,2-(CHj3):SBo-
H;NH(CH;):. Recrystallization from acetonitrile-ethanol gave
crystals with m.p. 286-288°. The X-ray powder pattern of the
product agrees well with the calculated values from a single crys-~
tal Study of 1,2-(CHa)zSBmHgNH(CHa)z.IG

The ethylene chloride extract was chromatographed on 150 g.
of acid-washed alumina (Woelm). Elution with ethylene chloride
gave 810 mg. (519;) of 1,6-(CH;):SB;oHsNH(CHj):. Later
fractions gave oils, Recrystallization from acetone-ethanol gave
crystals with m.p. 221-222.5°. A4nal. Caled. for (CHs)s-
SBpHsNH(CH;): C, 21.5; H, 9.5; B, 48.5; N, 6.3; S, 14.4.
Found: C, 21.2; H, 10.0; B, 48.8; N, 6.3; S, 14.4.

The B! n.m.r, spectrum (19.2 Mec.) of 1,6-(CH;):SBi,H;NH-
(CHj;), in acetonitrile solution shows a multiplet at 17 p.p.m.
which can be assigned to a (CHj)»S-substituted apical boron atom
(single peak) and an unsubstituted apical boron atom (doublet).
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This multiplet can be decoupled by irradiating at 60 Mc. to give a
single peak at 17 p.p.m. A peak at 27.3 p.p.m. represents a
(CH;);NH-substituted equatorial boron atom and cannot be de-
coupled. A multiplet at 42 and 47.6 p.p.m. which can be de-
coupled to a single peak represents the seven remaining equatorial
boron atoms. The intensity ratios of the 17:27.3:47.6 p.p.m.
peaks are 2:0.93:7.1 (theory requires 2:1:7).

1,6-(CH3)QSB10H3N(CH3)3. Method A.—A mixture of 1 g
(5.18 mmoles) of 1,6~(CH,)2SB1eHsNHj;,8 50 ml. of water, and 15
ml. of tetrahydrofuran was stirred at reflux and treated eight
times with 5 ml. of 109, sodium hydroxide solution and 0.6 ml. of
dimethyl sulfate. The mixture was concentrated under reduced
pressure, and the resulting slurry was filtered to give 1.19 g.
(989,) of 1,6-(CHs):SB;HsN(CH;)s. Two recrystallizations
from methanol gave needles with m.p. 203.5-204.5°. Anal.
Caled. for (CH3)2SB10H8N(CH3)3: C, 253, H, 9.8, B, 45.6,
N, 6.0; S, 13.5. Found: C, 25.2; H, 9.8; B, 46.3;
N, 6.0; S, 13.5. The H n.m.r. spectrum of the product in ace-
tonitrile-d; (external TMSi) shows two sharp peaks at = 7.19
(relative intensity 1) and 7.52 (relative intensity 1.5) due, re-
spectively, to apical S(CHs)» and equatorial N(CHjs)s.

The BY n.m.r. spectrum (19.2 Mec.) of 1,6-(CH;)2SBioHs-
N(CHj;); shows a multiplet at 16.3 and 21.1 p.p.m. which can be
assigned to one (CHj):S-substituted apical boron atom, one un-
substituted apical boron atom (doublet), and one (CHj)sN-sub-
stituted equatorial boron atom. A 43.6 p.p.m. multiplet can be
assigned to the remaining seven unsubstituted equatorial boron
atoms. The intensity ratio of the 16.3 4+ 21.1 p.p.m. multiplet:
43.6 p.p.m. multiplet is 2.9:7.1 (theory requires 3:7). On ir-
radiation at 60 Mc. the 43.6 p.p.m. multiplet collapses to a single
sharp peak, and the low-field multiplet gives a peak at 18.5
p.p.m., which may be assigned to the two apical boron atoms,
and a peak at 24.7 p.p.m., which then represents the substituted
equatorial boron atom.

Method B.—A mixture of 160 mg. of 1,6-(CH;),SBi,H;NH-
(CHs)z, 30 ml. of water, 10 ml. of tetrahydrofuran, and 2 pellets
of sodium hydroxide was stirred at reflux and treated three times
with 10 ml. of 109 sodium hydroxide and 1.2 ml. of dimethyl
sulfate. The mixture was concentrated under reduced pressure,
and the resulting slurry was filtered to give 177 mg. of 1,6-
(CH;)2SB1oHgN(CHj;);.  Recrystallization from methanol-ben-
zene gave needles with m.p. 201.5-202.5°, mixture melting point
with sample prepared above 202-203°. The X-ray powder pat-
terns of the two samples are identical.

1,2-(CH;):SB1oH;N(CH;);.—A mixture of 80 mg. of 1,2-(CHj)e-
SByHsNH(CHs;)., 15 ml. of water, and 5 ml. of tetrahydrofuran
was stirred at reflux and treated three times with 5 ml. of 10%,
sodium hydroxide solution and 0.6 ml. of dimethyl sulfate. The
solution was concentrated under reduced pressure, and the result-
ing slurry was filtered to give 65 mg. of 1,2~(CH;)2SB1oHsN(CHs)s.
Recrystallization from acetonitrile—ethanol gave crystals with
m.p. 267.5-268°.

Thin-layer chromatography on silica gel (29, acetonitrile in
ethylene chloride) showed that the 1,2-(CH;)eSBioHsN(CHs)s
(R; 0.22) thus obtained was free of the 1,6~ isomer ( R; 0.64).

(CHa)gSBloHsN(CHa)a from Z-BlngN(CHa)a—._A solution of 21
g. of (CH;)N[2-BioHN(CHj;)s] in 120 ml. of dimethyl sulfoxide
and 40 ml. of 12 ¥V hydrochloric acid was heated on a steam bath for
45 min. The solution was cooled and poured into a large volume
of cold water, and the precipitate was collected by filtration to
give 16.1 g. of crude (CH;).SB;HsN(CH;)s. A portion (12 g.) of
the crude product was chromatographed on 1000 g. of acid-washed
alumina (Woelni, activit ygrade I). Elution with 2:1 benzene-
ethylene chloride gave in the first 10 250-ml. fractions 185 mg.
of 2,7(8)-(CHs):SB1HsIN(CHs)s, then in 15 250-ml. fractions 2.69
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g. of a mixture of isomers, then in 69 250-ml. fractions 5.99 g. of
1,6-(CH;3)SBoHsN(CH,);.  Elution with four 250-ml. portions of
ethylene chloride gave 710 mg. of an isomeric mixture, then six
250-ml. portions gave 438 mg. of 1,2-(CHj).SB1cHsN(CHj;)s.
2,7(8)-(CH;):SB1yHsN(CH;) was recrystallized twice from
ethanol to give crystals with m.p. 2561-253°. Anal. Caled. for
(CH;).SBHgN(CH;);: C, 25.3; H, 9.8; B, 45.6. Found:
C,24.9; H,9.8; B, 45.5.
The H! n.m.r. spectrum of the product in acetonitrile-ds (ex~
ternal TMSi) shows two peaks at 7 7.52 (relative intensity 1.5)

“‘and 7.87 (relative intensity 1) corresponding, respectively, to

equatorial N(CHj3); and equatorial S(CH;),. No splitting of the
7 7.87 peak occurred at temperatures as low as —25°.

The H! n.m.r. spectrum of the product in chloroform-d shows
three peaks at = 7.22 (relative intensity 1.6), 7.60 (relative in-
tensity 0.5), and 7.64 (relative intensity 0.5).

1,6-(CH;):SB1oHsN(CH;); was recrystallized from acetone—
ethanol to give needles with m.p. 203-204° (cor.). The infrared
spectrum of the product is identical with that of authentic 1,6-
(CH;):SB1oHgN(CHj)s.

1,2-(CH3):SB1cHs N{CHj); was recrystallized from acetonitrile—
ethanol to give plates with m.p. 267.5-268° (bubbling). Anal.
Caled. for (CH;)SB1oHsN(CHs)s: C,25.3; H, 9.8; B, 45.6; N, 5.9;
8, 13.5. Found: C,25.1; H,10.0; B,46.0; N, 5.9; S, 13.4. Thein-
frared spectrum and X-ray powder pattern of the product are iden-
tical with those of the 1,2-(CH;).8B;HsN(CHa;); prepared above.
The H! n.m.r. spectrum of the product in acetonitrile-d; (external
TMSi) shows two peaks at = 7.19 (relative intensity 1) and 7.54
(relative intensity 1.5) corresponding to apical S(CH;): and
equatorial N(CH,)s, respectively.

1,6-(CH;).SB1HsNH==CH-p-C;H,Cl.—To a solution of 185
mg. (0.95 mmoles) of 1,6-(CH;):SB;HsNH; and 140 mg. (1
mmole) of p-chlorobenzaldehyde in 15 ml. of ethanol was added
12 drops of 109, aqueous sodium hydroxide. A deep yellow color
formed. Several drops of acetic acid was added, and the crystals
which gradually separated were collected by filtration to give 135
mg. of yellow crystals. Recrystallization from ethanol-aceto-
nitrile gave 70 mg. of yellow plates, m.p. 282-284° dec. Anal.
Caled. for (CHa)ZSBloHsNHchCsH4CIZ C, 34.0 H, 63,
B, 34.1; N.4.4; Cl, 11.2. Found: C, 33.9; H, 6.5; B, 34.8;
N, 4.6; Cl,11.0, 11.6.

The ultraviolet spectrum of the product in acetonitrile showed
absorption maxima (mgu) at 870 (sh, € 8280), 297 (e 12,580), and
272 (e 12,480).

The infrared spectrum of the product showed absorption at
3200 (N—H str.), 1620, and 1565 cm.™! (C==N, N—H def.,
and/or aromatic).

1,6-(CH;):SB;(H;NH=CH-p-C:H.N(CHj;);.—To a warm solu~
tion of 185 mg. (0.95 mmole) of 1,6-(CH;):SB1oHsNH; and 150
mg. (1 mmole) of p-dimethylaminobenzaldehyde in 15 ml. of
ethanol was added 5 drops of 5% ethanolic sodium hydroxide. A
deep yellow color formed. Two drops of acetic acid was added.
The resulting precipitate was collected by filtration to give 285
mg. of a yellow solid. Recrystallization from acetonitrile gave
yellow crystals, Anal. Caled. for (CH;):SB1HsNH=CHCHiN-
(CH,): C, 40.5; H, 8.0; B, 33.2; N, 8.6. Found: C, 40.8;
H, 8.2; B, 33.1; N, 8.6.

The infrared spectrum of the product shows absorption at 3220
(N—H str.), 1612, 1570, and 1515 cm. ™! (C=N, aromatic, and/or
N-H def.).
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