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Introduction

The bis(dimethyl sulfide) adduct of decaborane (14), 6,9-
B1oH12:2(CHg)2S (1), is one of several compounds that is easily
prepared by reacting decaboraneqs) and a Lewis basglt
is probably best known for its reaction with acetylene to produce
o-carborane (1,2-dicarbadodecaborahe)t also undergoes
several other interesting reactions. In this paper we have
focused on the reaction that forms 6,9-[(§4$5],B10H12 (1)

B1oH14 T 2(CHy),S — 6,9-[(CHy),S],BoHy, + H,
the pyrolysis ofl to form 5-[(CHs)>S]B1oH 122 (II)
6,9-[(CH,),S],B1oH1, = 5-[(CH,),S]BH;, + (CH,),S

and the hydroboration dfwith an olefin to form 5-[(CH),S]-
9-RByoH11* (II1')

6,9-[(CH,),S],B,H;, + (CH;),CC(CHy), —
5-[(CH,),S]-9-(Thx)B,H,; + (CH),S

Thx = Me,HC(Me,)C—

Boron hydride cluster compounds are known to undergo facile
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of Lipscomb and co-workers.In the icosahedral carboranes,
the transient intermediate in this mechanism is a cuboctahedron.
More recent experimental studies have led to a variety of other
mechanistic postulatés An alternative kind of rearrangement

is the movement of substituent atoms or groups from one boron
of the cage to another with no rearrangement of the atoms in
the cage.

The thrust here is to determine the nature of cluster rearrange-
ments that might occur during the reactions described above.
The dideuterated adduct of decaborane, 2;B18H1,, produced
by electrophilic substitution of BH14,° was used, with!B NMR
analysis, to probe the nature of these reactions. We have
considered whether the deuterium atoms might migrate around
the boron cage under the conditions employed in the reactions
reported here. Electrophilic substitution of decaborane(14)
requires a Lewis acid catalyst such as AICIThe ultimate
product of electrophilic deuteration is 1,2,3,483H10. (De-
caborane(14) can also be deuterated under base-catalyzed
conditions, and in this case the ultimate product has deuteriums
at all four bridges and at boron atoms 5, 6, 7, 8, 9, ané®10.
We have assumed that the conditions of our reactions would
not provide circumstances in which H atoms on thg &ge
would be labile and thus exchange.

The bis(dimethyl sulfide) adduct, 6,9-[(GHS]-2,4-D,B1gH10,
was prepared by reaction of 2,4-dideuteriodecaborane(14), 2,4-
D,B1oH12, with excess dimethyl sulfide for 2 days. Comparison
of its B NMR spectrum with that of the undeuterated
compound () clearly showed that the absence '6f—1B
splitting of the B(2,4) resonance indicated that the deuterium
atoms were still bonded to those atoms and, therefore, the
reaction is a hydrogen displacement reaction involving hydrogen
rearrangement on the open face of the decaborane cluster but
involving no scrambling or rearrangement of the basal boron
atoms, B(1,2,3,4).

6,9-[(CHg),>S]-2,4-D:B1gH10 Was then dissolved in mesityl-
ene, and the solution was heated at 2€C0for 3 h toform the
deuterated derivative of, 5-[(CHs),S]B1oH12. Comparison of

rearrangements, including cases where the boron atoms in thehe 2B NMR spectrum of the deuterated product with that of
cluster exchange positions. An example of this is the exchangeundeuteratedl 12 showed that the two deuterium atoms were
of apical and basal borons in the square pyramidal structure ofstill bonded to boron atoms 2 and 4; thus 6,9-[(:1S],-2,4-

a pentaborane(9) molecule bearing one methyl grouplsB

D2B10H10 converts to 5-(ChH),S-2,4-DB1gH1o. This reaction,

CHa.> Various mechanisms have been proposed for these kindswhich includes the loss of one (GHS and shift of the other

of reaction&in which nearest cage neighbor atoms separate from

molecule of (CH),S from boron atom 6 or 9 to boron 5, could

each other in a concerted process throughout the molecule andnvolve a rearrangement of the8cage or a migration of the

then re-form the cage in a different arrangement. An elegant
proposal for this is the diamorgquare-diamond mechanism
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of the decaborane cluster can interchange without disruption appears that nucleophilic hydrogen displacement (formation of

of the basal boron atom positions. To test this possibility will 1), thermal adduct loss (formation df), and hydroboration of

require synthesis of a boron isotopically labeled decaborane inl (formation of 1l ) most likely occur with local hydrogen

which the boron label is in a regiospecific location in the cluster migration, but with no movement of basal boron atoms or their

face, preferably in the B(6,9) location(s). Synthetic routes to substituents, and that dimethyl sulfide movement during the

such boron isotopically labeled decaboranes are not as yetformation ofll andlll occurs via group migration. Apparently,

known. the nido structure of decaborane(14) is less easily isomerized
Another sample of 6,9-[(Ck).S]>-2,4-D:B1gH10 Was then by cage rearrangement than ttleso structures of the icosa-

dissolved in a small amount of methylene chloride, and the hedral carboranes.

solution was placed in an NMR tube. An excess of 2,3-

dimethyl-2-butene was added to the tube, and the mixture wasgxperimental Section

allowed to react at room temperature for 3 days. Comparison

of the'B NMR spectrum of the reaction mixture with a known All operations were conducted in a conventional high-vacuum line

113 NMR spectrum of 5-[(CH)2S]-9-(Thx)BygH 1113 showed that or under a nitrogen atmosphere. Decaborane was sublimed in high

the product was 5-[(CE),S]-9-(Thx)-2,4-DB1oHg in which the vacuum prior to use. Other reagents were used as received from the

deuterium atoms were still located on the 2- and 4-borons. Thesemnaglgfjlil;e;ih 5T(?§158p’e\lc'\t/lr§n?gteecrt;? ;{elrlesrigo.\r/.dﬁf :r: ;(E()rjlfey:hi

ﬁl?eslir\éigg:lss;f?ﬁet%zgi sggi%i(e;fl“:: dtTﬁ;tt Tﬁehr{]d(;\?gr%?rtlltogf EZSQGO spectrometert'B—1B COSY spectra were recorded and analyzed

. by methods standard in this research gréup2,4-D;BioHi» was
(CHz3)2S molecule from boron 6 to boron 5 does not involve a repared by exchange ofigi1s with CeDs in the presence of AIGHS

concerted rearrangement of the boron_cage bpt rather a migratio J9-[(CH:),S]-2,4-DyB1gHz0 was prepared by the method first described
of hydrogen and (CkJ,S on an otherwise static borane cluster. by Schaeffekto prepare 6,9-(CECN)B1oH1» except that the reaction
occurred at room temperature over several days. In a typical experiment
2,4-D;B1oH12 was condensed into an NMR tube sealed to a U-tube on
Scheme 1 shows the structural representations of the reactionghe vacuum line. An excess of dry (G} (dried over Cakland
in th|s |nvest|gat|on We are not aware Of any expenmenta”y distilled through a—63°C COId tl’ap before Use) was condensed into
verified indications of rearrangements of the boron atoms of ICT:a’;‘Z)ﬁjézgibr#]ggqhvﬁ‘ggaﬁ/gfrg&i Cse"’:jm&?]'de ;op:gz’&tge“pgf‘;s: a
the decaborane(14) cage under any reaction conditions, in -
contrast to the rather facile cluster rearrangements of some othe C4|—_|g£ V\I’_‘;"S szze;l;gglt%gvﬁpggf d,;\;\g t,\r;,a grct’gsgt\’lvi{g’ggi d
borane clusters, such as pentaborane(9) derivatives. In fact, thg thel?)rgjc’juct was verified bY8 NMR analysis. ’
decaborane(14) cage appears to be essentially static under

o . o e . The method of Knoth and Muettertfesr preparation of 5-[(Ch):S]-
ordinarily encountered reaction conditions. At this juncture, it BiHi, was used to prepare 5-[(GHS]-2.4-DBioHo from 6.9-

Conclusion

(13) For 5-[(CH;)2S]-9-(Thx)BioH11, B NMR at 115 MHz in CHCI,
(atom number, chemical shift in ppm (coupling constant in Hz)): 6, (14) Gaines, D. F.; Edvenson, G. M.; Hill, T. G.; Adams, B. IRorg.
+19.0 (br); 9,+11.7; 1,+4.4 (137); 8,+0.4; 5,140.4 (br); 7,—4.6 Chem 1987, 26, 1813.

(137); 3,—5.8 (146); 10,-13.5 (137); 2,-31.4 (142); 4-41.0 (147). (15) Dopke, J. Alnorg. Chem, submitted for publication.
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[(CH3)2S]>-2,4-D;B1oHi0. The product composition was determined by - dation for partial funding in support of major departmental
comparison of it'B NMR spectrum with that of authentic 5-[(G}4S]- instrumentation and for partial research support including NSF

BioH11.1 _ _
Likewise, the method of Bridges et dl.was used to prepare Grants DMR-9121074 and CHE-9305922. We thank Joel

5-[(CHy)2S]-9-(Thx)-2,4-DB1oHs from 6,9-[(CH)>Sk-2,4-D:BrcHio by Dopke, Dr. Dovas Saulys, and Dr. Donald Thompson for
reaction with 2,3-dimethyl-2-butene. The product composition was invaluable consultations during the experimental phase of this
determined by comparison of itSB NMR spectrum with that of research.

authentic 5-[(CH)2S]-9-(Thx)BioH11.
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