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Salts prepared by metathesis include cesium, tri-
phenylmethylphosphonium, alkylammonium, and qua-
ternary ammonium tetradecahydrononaborates(1—).
For example, CsBsHs was obtained in 65%, yield (4nal.
Caled. for BCsHis: B, 39.83; H, 5.77; mol. wt., 244.
Found: B, 40.21; H, 5.17; mol. wt., 244) and (CHj).-
NBH., in 859, vield (Anal. Caled. for CiHyB¢N: C,
25.89; H, 14.12; B, 52.44; N, 7.55. Found: C, 25.39;
H, 13.63; B, 52.24; N, 7.91).

A structural similarity between the B¢H;y, anion and
members of the BgHi3(ligand) series of compounds?® was
demonstrated by the following transformations: Heat-
ing a suspension of (CHs)sNHB¢His in benzene resulted
in the elimination of hydrogen and the formation of
BeHis[(CH;)sN | in 679, yield. Similarly, treatment of
(CH;)sNBgHj, with a solution of anhydrous hydrogen
chloride in acetonitrile gave a 669, yield of BgHis-
(CHCN).

Both inorganic bases such as sodium, potassium, and
ammonium hydroxides as well as weak organic bases
such as N-methyl- and N ,N-dimethylformamide effec-
tively degrade decaborane to the BgHi, anion in aqueous
solution. The course of the reaction, however, de-
pends both on the quantity and the type of base used.
Only reactions in aqueous hydroxide are summarized
here. More detailed information will be reported at a
later date.

When decaborane is stirred with one molar equivalent
of aqueous sodium or potassium hydroxide for a period
of about 12 hr., hydrogen is gradually evolved and the
ByHis~ ion is formed by way of an apparently complex
series of reactions. With two molar equivalents of
hydroxide, decaborane is quickly converted to a color-
less, reasonably stable intermediate with no gas evolu-
tion. This intermediate undergoes very slow hydroly-
sis to BoHis~. Acidification, however, effects the con-
version rapidly and in high yield.

The second procedure has been studied in some detail
and has been found to proceed in three discernible
steps: (1) Decaborane first reacts with hydroxide to
yield a yellow solution containing the BioH;s anion,
identified by its ultraviolet absorption maxima at 265
and 330 mu.? (2) Further reaction with hydroxide
yields the intermediate anion which absorbs at 227 and
262 my. This ion has not been fully characterized but
is believed to be a dianion of the composition ByyHjs-
OH?, resulting from the addition of OH~ to Bj,Hyp;—.
Analogous ions have been reported.* (3) The inter-
mediate finally undergoes acidolysis to produce the
ByHisanion (A\2Q 271 my, € 3980), boric acid, and hydro-
gen. The reaction sequence is shown in the equations

ByHyu + OH™ —> By Hiz~ + H,0
B,Hi3~ + OH™ —> B;(H;;0OH 2
B,H3OH? 4+ H;0% + H:O —> ByHu~ + B(OH); + He

The stoichiometry of the over-all process was as-
certained by quantitative determination of the products
and found to be in agreement with the sum of the above
equations.
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Bridged Polycyclic Compounds. XXIII. Some Car-
bonium Ion Reactions in Dibenzobicyclo[3.2.1]-
octadiene Systems!

Sir:

Several examples are known demonstrating that the
course of carbonium ion reactions of epimeric homoallylic
compounds may be significantly different. In one
system, 2.3 acetolysis of Ia resulted in complete retention
of structure and configuration, forming acetate Ib,
while its epimer Ic underwent Wagner—Meerwein re-
arrangement on hydrolysis in aqueous sodium bicarbon-
ate, forming II. Ia solvolyzes 107 times faster than Ic.
The reactivity and retention observed with Ia has been
ascribed??® to anchimeric assistance by the w-electrons
of the double bond. The driving force for the solvoly-
sis rearrangement was attributed to the formation of an
allylic cation.

Similarly, it has been observed! that acetolysis of
IITa or deamination of IIIb led to unrearranged and re-
tained IIIc or IIld, while the syn-p-toluenesulfonate
ITTe solvolyzed with rearrangement to IV. No rate
enhancement was observed with the anfi-tosylate 111a.

X Y oH X Y
ml o
CH;
CH,;
Ia, X = H, Y = OTs 11 I1Ia, X = OTs, Y = H
Ib,X = H, Y = OAc IITb, X = NH,, Y = H
Ie, X = OTs, Y = H IIIe, X = OAc, Y = H
1I11d, X = OH,Y = H
IIle, X = H, Y = OTs
CHs; CH,
N/
C
H,C_ CH,
i . CH,0OH
X
Y
v Va, X = H, Y = OTs
Vb, X = H,Y = OAc
Ve, X = 0Ts, Y = H
CH Y _Z
CHs /N @ A
}b Pe
AcO
H
VI VIila, X = OAc, Y =H,Z =1
VIIb, X = OAc, Y = H,Z = OAc
VIie, X = OAc, Y = H,Z = NHAc
VIId,X = OH,Y = H,Z = NH,
VIle, X = OAc, Y = NHAc,Z = H
VIIf, X =H,Y=ClL,Z=H
Vilg, X = H,Y = H,Z = Cl
Z
VIIla, X = H,Y = Z = OAc 1X
VIIIb, X = OAc, Y =Z =H
VIilie, X =Y =Z=H
VIIId, X = H,Y = OAc,Z =H
Y=0,X+2Z=0

VIlle, X +
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Similarly,® Va gave retained unrearranged acetate Vb,
while the exo epimer Ve solvolyzed with rearrangement
to give VI. The 5,6-dihiydro analogs reacted similarly.
Again there was no rate enhancement with the isomer
undergoing replacement with retention.

These investigations were conducted with bicyclo-
[2.2.1]heptane derivatives while ours were conducted
with derivatives of dibenzobicyclo[3.2.1]octadiene
(VII) where one can test for = participation from benzene
rings at different angles to the departing group (IX).
To summarize briefly, when a carbonium ion was
formed at C-8 from a syn epimer (substituent Z) either by
solvolysis or by deamination, the product was the un-
rearranged retained acetate VII (Z = OAc); when the
carbonium ion came from an anti epimer (substituent
Y), the product was the rearranged acetate VIII (Y =
OAc). Examples follow.

Treatment of syn-8-iodo-exo-2-dibenzobicyclo[3.2.1]-
octadienol acetate VIIa, m.p. 141-142° with silver
acetate in refluxing acetic acid gave the known® un-
rearranged retained diacetate VIIb (929;). Deamina-
tion of the amine VIId, m.p. 178.5-179.5°, followed by
acetylation also gave VIIb (379;), as did nitrosation of
the amide VIIc, m.p. 174°, followed by decomposition
of the N-nitrosamide (809) (procedure of White”).
On the other hand, deamination of the nitrosamide of
the epimeric VIIe, m.p. 290°, proceeded with rearrange-
ment, giving anti-cis-anti-dibenzobicyclo[3.3.0]octa-
diene-2,6-diol diacetate VIIla (859;), m.p. 131°. This
was synthesized from c¢is-dibenzobicyclo[3.3.0]oct-
adiene-2,6-dione (VIIIe).* Reduction of VIIle with
lithium aluminum hydride followed by acetylation with
acetic anhydride and pyridine gave a mixture of isomeric
diacetates from which VIIIb® could be isolated. Equi-
libration of the mixture with acetic acid-sulfuric acid or
acid-catalyzed acetylation of the diol mixture gave only
the more stable VIIIa, m.p. 131°. The configurations
of the acetoxy groups in each isomer were readily estab-
lished from n.m.r. data.

Solvolysis of chloride VIIf, m.p. 121.5-122.3°, in
glacial acetic acid, assisted by silver acetate, produced
the rearranged compound VIIId (719), m.p. 105-106°.
The structure of VIITd was demonstrated by hydro-
genolysis over 109, palladium-on-charcoal to the known
hydrocarbon VIIIc,® m.p. and m.n.p. 101-103°.  The
configuration of the acetoxy group in VIIId was as-
signed on the basis of n.n.r. studies., Attempted sol-
volysis of the epimeric VIIg failed. In refluxing glacial
acetic acid, and in the presence of equimolar quantities
of silver acetate, compound VIIg failed to react after
20 days. In an equivalent length of time, isoruer VIIf
reacted completely.

The results of this work clearly indicate that the car-
bonium ion intermediates formed from these epimeric
pairs cannot be identical and are not interconverted.
Heterolysis of groups in the anti position results in re-
arrangement rather than the retention of -structure and
configuration observed with groups in the syn position.
This may reflect the fact that ring B (ant7 to Y) is not
broadside to the developing cationic center (as is the
case with ring A, ant/ to Z) or more probably the fact
that the competitive rearrangement to the [3.3.0] sys-
teni involves both the formation of a benzylic cation
and a less strained ring system accompanying heterolysis,
while Wagner-\eerwein rearrangement of the syn
epimers accompanying heterolysis would lead to a non-
stabilized highly strained [4.2.0}] cation. As suggested

30 €. H. DNePuy, 1. A, Ogawa. and J. C. MecDaniels, J. 4m. Chem.
Sne . 82, 2307 11960)

(i) 8. J. Cristol and R. K. Bly. ¢bid., 82, 6160 (1960).

‘7)1 H. White and C. A Aufdermarsch, 7bid., 83, 1179 (1661)

{8 K. Brand and W. Hennig, Chem. Ber., 81, 382 {1918).

9% W Roser, Anu., 247, 152 (1888).

COMMUNICATIONS TO THE EDITOR

Vol. &5

for anmti-7-norbornenyl tosylate? and for the benzo
analog,'’ the retention of structure and configuration
with the syn isomers may be due to participation of -
electrons.

A striking difference between our work and that of
Winstein?? is that our solvolysis-rearrangement ap-
pears to be much faster than solvolysis of the epimer
(compare results with VIIf and VIlg). As the [3.3.0]
cation may thus be presumed to be more stable than
the unrearranged cation, there must be a large energy
barrier between the two cations to preclude intercon-
version.

It appears that there is a large preference for migra-
tion of the bond to the benzene ring rather than that to
the aliphatic carbon atom, although both are anf/ to Y.
Further work on these dibenzobicyclooctyl and the
analogous dibenzobicycloheptyl systems is i1 progress.
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Geometrical Isomerism about a Carbon-Sulfur Double
Bond'
Sir:

We have recently reported that the action of tri-
ethylamine on benzylsulfonyl chloride in cyclohexane
yields oxythiobenzoyl chloride.? We have now isolated
a second component from the crude oxythiobenzoyl
chloride mixture and wish to describe our observations
which show that the two compounds are the geometrical
isomers, c¢is- and trans-oxythiobenzoyl chloride (I and
IT).
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The cyclohexane-soluble material obtained after

mixing triethylamine (15 mmoles) with benzylsulfonyl
chloride (10.0 mmoles) in cyclohexane at room tem-
perature was separated by chromatography on silica
gel into two major components: A, the previously de-
scribed material (1.9 mmoles, eluted with benzene)
which after recrystallization from ether—pentane mielts
at 38-39° and B. a new material (0.9 mmole, eluted
with petroleum ether—benzene 3:1) which after re-
crystallization from cold pentane meltsat 3°.  Analyti-
cal and physical data are summarized in Table 1.

B is transformed into A on heating. the half-life of B
being about (.75 hr. in refluxing toluene and about R hr.
in refluxing carbon tetrachloride. The conversion 1s
faster in polar solvents but is complicated by a higher
proportion of side reactions, e.g., hydrolysis.? Ultra-
violet irradiation of a cyclohexane solution of A or B

very rapidly yields benzoyl chloride (>609%); the

(1) Presented to the 46th Annual Canadian Chemical Conference.
Toronto, Ontario, June, 1963
{2y J. F. King and T, Durst, Tetrahedron Letters, 585 t1063)



