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characteristic of their respective anions. The following
assignments are made by comparison with those
reported by Schrauzer for his macrocycle® (990, 1010
cm~!, B-F stretch; 1105, 1250 cm~! N-O stretch;
815, 1205 cm~!, B-O stretch; 1375, 1430 cm~!, -CH;
deformations; 1623 cm—!, C=N stretch).

The pmr spectrum of {CoL]BF, in acetonitrile con-
sists of a singlet (0.5-cps half-width) at 34.3 cps down-
field from the methyl resonance of the solvent. The
equivalency predicted for the methyl groups (see
Figure 1) is thereby demonstrated subject to the limit
of resolution of the nmr spectrometer. The fluorine
('*F) magnetic resonance spectra also tend to confirm
the structure in that (1) the splitting attributed to the
boron of the terminal B-F units is observed,? and (2)
corroborative evidence of the proposed formulation is
obtained from relative intensity data. The spectrum
for each salt in acetonitrile consists of a quartet (Jg—p =
17.3 = 0.5 cps) upfield 957 and 5418 cps, respectively,
from the characteristic fluorine resonances of BF,~
and PF¢~. Integration by use of a time-averaging
computer gives a 1:2.1 ratio for the areas of the BF
and BF,~resonances of [CoL]BF(calcd, 1:2).

Further support for the proposed structure is found in
the results from molecular weight determinations and
from conductivity measurements. In acetonitrile the
apparent molecular weights of the BF,~ and PF¢ salts
are 278 = 15 and 303 = 15 (caled: [CoL]BF./2,273.6;
[CoL]PF/2, 302.7). Conductivity measurements were
made at 25° for acetonitrile and acetone solutions, and
the equivalent conductances were calculated from these
data using the molecular weight values which had been
authenticated by the determinations mentioned above
(found in acetonitrile: [CoL]BF. at 2.49 X 10—3 M,
A. = 140.6 ohm~! equiv-! cm?; [CoL]PF, at 9.30 X
10-4 M, A, = 146.6 ohm~! equiv-! cm?). For 107* M
solutions typical values of A, range from 130 to 160
ohm~! equiv—! cm2.2! In acetone, a plot of conduc-
tivity as a function of dilution (A vs. v/C) resulted in a
straight line typical of the classical Onsager limiting law
for strong electrolytes. The slope of the line is 982
which is to be compared with 1000 observed for the
uniunivalent electrolyte KI.?? The equivalent con-
ductance at infinite dilution (A,) is 173 ohm~! equiv—!
cm?, well within the range expected for such an elec-
trolyte (157-190 ohm~1! equiv—! cm?), 22

The visible region of the electronic spectrum of
[CoL]BF, in acetonitrile is dominated by the low-
energy portion of an intense absorption whose maxi-
mum is in the ultraviolet. There is also a small
shoulder (~21,370 cm~! (¢ ~500)) on this portion of
the ultraviolet peak. Clearly no simple ligand field
arguments can be applied to these data in order to
extract bonding or symmetry information about the
complex.
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Evidence for a ‘‘Proton Chelate’’ in Aqueous Salts of
di-Propylenediaminetetraacetic Acid
Sir:

There has been considerable discussion in regard to
the conformations of salts of ethylenediaminetetra-
acetic acid (EDTA) and analogous polyaminocar-
boxylate compounds in aqueous solution at various pH
values.~® A knowledge of the conformations of these
ligands is an important aid to understanding the
thermodynamics and kinetics of their reactions.
Various authors’®"® have presented evidence in
support of the suggestion that in monoprotonated
salts of EDTA (HY?") and its homologs, the acidic
proton is shared among several donor atoms in what
might be termed a “proton chelate.”

Recently we reported nmr studies of the con-
formations of aqueous salts of d/-propylenedi-
aminetetraacetic acid (PDTA) which illustrate the
power of this technique in detecting the presence of
chelates—even the weakest of the alkali metal che-
lates.? Now we present conclusive evidence that mono-
protonated PDTA (HL?®*) exists virtually completely
in the gauche conformation with respect to the
central carbon-carbon bond (as shown in I), and is
thus a ‘““proton chelate.” Although complete infor-
mation on the bonding and the conformations of
carboxylate groups is lacking, the gauche conformation
would not be favored in the absence of chelation
involving both ends of the molecule.*** It is known that
the acidic proton in HL* undergoes rapid exchange
(mean lifetime is maximum ~10-3 sec), spending
approximately 5097 of its time on each of the nitrogen
atoms.® In structure I the acidic proton is, therefore,
bonded to one nitrogen atom and connected with
dotted lines to the opposite nitrogen atom and its two
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adjacent carboxylate groups. This structure is not
intended to imply knowledge of a tetracoordinate
proton or a tetrafurcated hydrogen bond, but merely to
suggest that either the opposite nitrogen atom or
carboxylate groups, or any combination of them in
rapid alternation, are involved in some kind of chelate
formation.

As reported earlier,® in the absence of chelation (e.g.,
in the tetracesium salt at pH ~13), L4~ exists ~75% in
the anti conformation (Ia) and ~259 in the gauche
conformations (IIIa). In chelates, however, only Illa
is present to any appreciable extent, because Ia is geo-

NX, NX,
H, CH, NX; H.
Hy, H, Hy H,
NX, CH;
Ia IIla
X =CH,CO0™

metrically unsuitable for chelation and Ila (not shown)
has unfavorable steric interactions, with the methyl
group being axial to the chelate ring.!! Determination
of the relative abundances of Ia, Ila, and Illa is based
upon a knowledge of spin coupling constants J,, and
Jac in each of these forms, which was obtained with
the aid of the Karplus equation!? and spin coupling
constants from a well-known stable chelate, CaL?*~.
That is, assuming CaL?- exists entirely as IIIa (which
appears to be justified), and that the increased electro-
negativity of Ca?+ causes slightly larger vicinal cou-
pling constants than those found in chelates of mono-
valent cations, spin coupling constants of 10.2 and 3.0
Hz for dihedral angles of 18C and 60°, respectively, are
obtained.

In the present work, solutions of Cs;L and K,L
(pH ~13) were gradually acidified until solutions of
Cs;HL and K;HL (pH ~8) were obtained, and the nmr
spectra at various stages were recorded on a Varian
HA-100 spectrometer. The NCH(CH3;)CH,N portion
of the ligand yields ABCX; patterns which were
analyzed with the aid of the IBM 360-91 computer and
the program LAOCOON 1i.!* Because the x (methyl)
protons exhibit negligible spin coupling to the b and ¢
(methylene) protons, the analysis was carried out as a
three-spin (ABC) case. This permitted the use of the
optimization capabilities of the program (part II) in
fitting the observed b and c resonances [the a (methine)
proton was obscured by other lines]. By this method,
values of J,, and J,. were obtained whose standard
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Figure 1. Vicinal spin coupling constants of cesium and potassium
salts of dl-propylenediaminetetraacetic acid at various «p values:
A=J,inCsl, A=J,inCsyL, O =J,,inK,L, ® = Jy, in K L.

deviations were far smaller than, and hence limited by,
the accuracy of measuring line positions (~ = 0.5 Hz).

Figure 1 gives J,, and J,. at various values of ay,
the fraction of the ligand present as the tetraanion,
L4, The chemical shift values of protons a, b, and c,
respectively, in ppm wvs. sodium 2,2-dimethyl-2-sil-
apentane-5-sulfonate (DSS) are as follows: for CsiL,
3.20, 2.737, and 2.392; for Cs;HL, 3.51, 2.894, and
3.007; for K.L, 3.06, 2.591, and 2.085; for K;HL,
3.45, 2.860, and 2.960 (note the crossover of b and ¢ in
both cases). The chemical shifts of protons b and c
are accurate to ~=0.5 Hz, while the chemical shifts
of proton a, which fortunately have negligible effect on
the values of J,, and J,., are accurate to only ~ =5 Hz,
The optimal value of the geminal spin coupling constant
Joe was ~ —13.5 Hz in L% and was ~ —14.5 Hz in
HL:3-.

In the cesium case, J,, shows a dramatic increase and
Jac shows a dramatic decrease in going from Cs,L
(a0 = 1) to Cs;HL (@ = 0), proving that the ligand
undergoes a change in conformation from mainly
anti (Ia) to virtually completely gauche (Illa). There
are three overlapping data points in Figure 1 for J,.
at «p = 0, all represented by contiguous black triangles.
The values of J,, and J,. in the latter species (11.8 and
3.8 Hz) are larger than those found in CaL?~, and are
probably caused not by conformational changes, but
merely by the increased electronegativity of protonated
amino groups. 14

In the potassium case, smaller changes in J,, and
J.. were observed, as would be expected, in going from
what is almost entirely a potassium chelate at ap = 1°
to a “proton chelate” at oy = 0. The small increases
in both J,, and J,. probably reflect electronegativity
changes, and thus one can conclude only that the
“proton chelate” is at Jeast as stable as the potassium
chelate (K; = 5.7), although it could be many orders of
magnitude more stable. The fact that J,, and J,. are
identical for both Cs;HL and K;HL (at ap = 0) appears
to discredit the existence of a 2:1 mixed chelate in-
volving both K+ and H~ in the same PDTA molecule.
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Structure of the New Boron Hydride B;sHy,
Sir:

The pyrolysis of ByH;3S(CHj3), has recently been
shown! to yield a mixture of boranes, including a new
compound characterized as B;sHy. We report here
preliminary results of an X-ray diffraction study of this
compound, which we find to be the first structurally
characterized neutral borane without molecular sym-
metry.

Structure of BysHa.
included in the drawing.

Figure 1. Terminal hydrogen atoms are not

A small sample of B;sH:, was supplied by Drs.
Jaromir PleSek and Stanislav Hefmdnek of the Institute
of Inorganic Chemistry, Prague-ReZ, Czechoslovakia.
Single crystals were grown by sublimation and were
found to belong to the monoclinic space group C,®-
P2,/c. The assumption that the unit cell with dimen-
sions @ = 5.85 = 0.01, 5 = 13.67 = 0.02,c = 16.75 =
0.03 A, 3 =100° 50’ = 5’ contains four molecules of
BisH;o leads to a calculated crystal density of 0.98 g
cm~3 This value is in reasonable agreement with
experimental measurements (flotation technique) which
bracket the density between 0.94 and 1.00 g cm=2%.  The
high solubility of the compound and the limited amount
of sample preclude a more accurate density deter-
mination.

Intensities of diffraction maxima were measured on a
Picker automated X-ray diffractometer, and the boron
positions were found by iterative application of Sayre’s
equation? using the multiple solution program of
Long? which had been appropriately modified for the
local computer. All hydrogen atoms were located
unambiguously in a three-dimensional electron density
map from which the contribution of the boron atoms
had been subtracted. At the current stage of refine-
ment, with isotropic thermal parameters, the conven-
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Figure 2. Projection drawings and numbering schemes for (a)
BioHis, (b) BsHys, (c) BisHz. One terminal hydrogen atom has
been omitted from each boron atom except for the encircled B-5
and B-6 of CisHso, which do not have terminal hydrogen atoms.

tional crystallographic discrepancy factor, R, is 0.08
for the 1059 observations.

The boron framework, illustrated in Figure 1, may
be described as a B, icosahedral fragment which shares
an edge with a Bs fragment in such a way that the two
fragments open in opposite directions. It is convenient
to regard the By;H;, molecule as a BjoH;s unit* and a
BsH;; unit® with the shared edge consisting of B-5 and
B-6 from B;H;. and B-4 and B-5 from BsH;;. The
symmetry observed for B;oH;s and for BsHj, is lost in
the unsymmetrical fusion of the two units. There are
six bridging hydrogen atoms in BjsHs,, three of which
occupy positions corresponding to those found in Byo-
H,;,, and the other three occupying positions cor-
responding to those in BsHj,. Projection drawings of
BisHyo, B1oH; 4, and BsHj; are included in Figure 2.

The 14 terminal hydrogen atoms of BgH,, are distrib-
uted one per boron atom, with the two boron atoms
(B-5 and B-6) connecting the two icosahedral fragments
lacking terminal hydrogens. The B-B bond distances
are in the range from 1.7 to 1.8 A, except for the B-5-
B-6 value of 1.68 A, which compares well with the
corresponding value of 1.67 A in the BsH;; molecule,
and the predictably*® large values of 1.91 and 2.02 A
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