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Tons of composition ByCoHyRi;Rs~ have been re-
ported? as the product of alcoholic base on the ByCs-
H;RiR, carboranes. These ions are precursors to a
variety of other compounds including carboranes?® and
organometallic analogs.* A route to monohalogenated
derivatives of the ByC;HyR;R.™ ions has now been
found.

Experimental

B,C.HI-.—A solution of 5.9 g. of iodine (24 mmoles) in 25
ml. of absolute ethanol was slowly added to a stirred solution of
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Figure 1.—!'B n.m.r. spectra of (CH;)NByCHyuI™ (—--~)
and ByCyHjol ( ) at 19.3 Mc./sec.

tuted anions were prepared in an identical manner. Replace-
ment of I; by Br; gave an analogous monobrominated material.
Relevant analytical data are presented in Table I. A representa-
tive 1B n.m.r. spectrum is shown in Figure 1.

ByC:Hl.—A solution of (CH;)«NTB.C.Hyu I~ in aqueous aceto-
nitrile was passed through an acidic ion-exchange column and the
resulting solution concentrated to dryness. The product was
purified by sublimation at 40-50° under high vacuum. Like its
unhalogenated dnalog,? the product was both extremely hygro-
scopicand thermally unstable.® The yield of purified product of
m.p. 70-71° was about 1095 Anal. Calcd. for ByCoHiol:
C, 9.23; H, 4.62; B, 37.4; 1, 48.8; equiv.wt., 260. Found: C,
9.26; H, 5.11; B, 36.8; I, 48.8; equiv. wt., 262.

Results and Discussion

Addition of I; to an aqueous ethanol solution of
M+BC;H1™ precipitated MI and left the H;O+ salt
of ByC.Hy; I~ in solution. After the addition of 1 mole
of Iy, the reaction was complete and any additional I,
was not decolorized.

The structure shown in Figure 2 is favored for the

4.0 g. (24 mmoles) of KByCoHy, in 25 ml. of absolute ethanol. product. Evidence in support thereof comes from the
TaBLE I
ANALYTICAL DATA FOR (CH;3)4sN T*BgH ;C:RyReX

Vield, —Equiv. wt.— Caled, %, Found, ¥Hp——-—————
Ri Rg X D Amax € Caled. Found C H N B X C H N B X
H H I 75 229 3880 333 340 21.6 6.9 4.2 29.1 382 21.7 7.4 3.8 29.0 38.0
H CHs I 78 231 4600 347 348 242 7.2 4.0 27.9 36.6 244 7.3 4.0 281 36,9
H CgH; I 83 226 6140 409 411 35.2 6.6 3.4 23.7 31.1 34.8 7.0 3.1 234 30.9

255 6230

CH; CH; I 76 231 550 361 371 266 7.5 3.9 269 352 26.5 7.5 4.0 26.8 35.3
CH; CH; Br 71 225 4100 314 314 30.6 86 4.5 30.9 25.5 30.6 88 4.7 30.7 25.7

The color of the I, was rapidly discharged and KI precipitated
during the addition. After filtration the ethanolic solution was
diluted to 250 ml. with water and excess aqueous tetramethyl-
ammonium chloride was added. The solution was cooled to 0°
and the tetramethylammonium salt of the monohalogenated ion
was separated by filtration. Recrystallization of the crude tetra-
methylammonium salt from hot aqueous ethanol gave the prod-
uct as plates in 759, vield. Iodinated derivatives of C-substi-
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1B n.m.r. spectrum of ByC,Hy,I formed by protonation
of BeC;Hyul~. Electrophilic substitution is expected
to occur at the open face of the B,C,Hj,~ ion. Since
halogenated C,C’-dimethyl derivatives were obtained,
attack at carbon is ruled out. Halogenation of the
two types of boron atoms present in the open face
would lead to products which may be differentiated on
the basis of !B n.m.r. spectra. Halogenation of the
boron atom which lies upon the plane of molecular
symmetry would yield a product ion which contained
only one doublet of relative intensity 1. Attack at the
boron atoms which lie off the plane would make all
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Figure 2.—A proposed structure for BsC:HjpI where X = iodine,

nine boron atoms nonequivalent and lead to a spec-
trum which contained more than one doublet of rela-
tive intensity 1 (ideally, eight doublets would appear at
high resolution). These arguments assume that the
two extra protons present in BoCyHyI are only weakly
coupled with their neighboring boron atoms in the
open face. Since at least three doublets of relative
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intensity 1 are seen in the B n.m.r. spectrum of
ByC:HypI, the latter structure is preferred. In addi-
tion, the "M n.m.r. signal which represents CHj pro-
tons in the C,C’-dimethyl derivative is rather broad
and suggests that the two methyl groups are nonequiva-
lent in the anion and this gives additional support to
the proposed structure.

The iodination of BgC;H .~ is probably best viewed
as an electrophilic substitution by I,. In agreement
with this concept, aryldiazonium ions (weak electro-
philes) give intensely colored products in the presence
of ByCeHy;,~ which are strongly reminiscent of the
products of aryldiazonium ions on BjyH;—2.87

The bromine in B¢C,H;;Br— was not particularly
prone to nucleophilic displacement as shown by the
recovery of unreacted BgCoH;Br—(CH;):N* after 50
hr. reflux in acetone saturated with KI. Pyrolysis of
the cesium salt of B,CyHy I~ produced CsI (839) and
the previously reported?® BoCoHy (25%).

ByC:Hyl is extremely hygroscopic and can only be
handled in a water-free atmosphere. It decomposes at
70-71° with the evolution of H:. The product ob-
tained upon decomposition of the dry solid appears to
be polymeric rather than the B¢CoH;oI which might be
anticipated.

Acknowledgments.—The authors wish to thank the
Alfred P. Sloan Foundation and the Army Research
Office (Durham) for generous support of this work,

(6) M. F. Hawthorne and F. P. Olsen, J. Am. Chem. Soc., 86, 4219 (1964).
(7) M. F. Hawthorne and F. P. Olsen, 7bid., 87, 2366 (1965).

Correspondence

Hydrogen Bonding in Manganese
Dichloride Tetrahydrate

Sir:

In a recent paper on the crystal structure determina-
tion of MnCl;+4H,0! a hydrogen-bonding scheme for
this compound, based on a very accurate X-ray dif-
fraction study, has been proposed. According to this
study only four of the eight crystallographically differ-
ent hydrogen atoms are involved in hydrogen bonds.?
Although it is known that hydrogen atoms of water
molecules do not always participate in hydrogen bonds
(e.g., the neutron diffraction study of MgSO,-4H,0%),
a closer inspection of the MnCly-4H,O structure re-
veals that this is not the case here. Besides the four
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hydrogen bonds mentioned by Zalkin, Forrester, and
Templeton (O(1)-H(11)---CI(1), 3.17 A.; 0O(2)-
H(21)---C1(2), 3.17 A., O(2)-H(22)---0(1), 2.93 A.;
and O(4)-H(41)---CI(1), 3.29 A., where the distances
are those between the water oxygen atoms and the
acceptor atoms of the hydrogen bonds) four other
hydrogen bonds can be shown to be possible. The
oxygen atom O(1) has two more close neighbors, CI1(1)
at 3.28 A. and CI(2) at 3.30 A.; H(12) can form a
bifurcated hydrogen bond to these chlorine atoms with
a geometry similar to the one found for one of the hydro-
gen atoms in BaCly: 2H,0 (according to a neutron dif-
fraction investigation?). Atom O(3) has three close
neighbors outside of the coordination polyhedron of
the Mn2+ ion: CI(2) at 3.20 and 3.32 A. and O(3) at
3.13 A. The latter distance cannot correspond to a
hydrogen bond because the two O(3) atoms are related
by a center of symmetry. The Cl1(2)-0(3)-Cl(2) angle
is 143°, which means that the O(3)-H- - -Cl(2) angles
must be bent to 150°; a geometry similar to the one
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