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trans gauche conformations (1.48 (10) A, difference 2.5¢).1° It
is interesting that theoretical calculations of the structure of the
parent bicyclo[3.1.0]hexenyl cation not only generally agree with
the structure determined here but in particular also show these
long bonds between the allyl and cyclopropyl carbons.!!

As was mentioned above, there is no geometric reason for the
lack of conjugation between the cyclopropane and the remainder
of the unsaturated system, but rather we conclude that there is
an underlying electronic reason for this. We tentatively suggest
on the basis of this structure, that the cation undergoes a distortion
to minimize the interaction of the cyclopropyl with the allylic
portion of 2. This distortion, or stretching of the C,,C, and C,,C;
bonds, is comparable to that encountered in the isoelectronic
cyclobutadiene and possibly suggests that 2 can be classified as
antihomoaromatic. It should be pointed out, however, that similar
anomalous bond distances are also found in the two reported
structures of neutral bicyclo[3.1.0]hexenones and several further
structures are required before this effect can be fully understood.'?

Supplementary Material Available: Tables of crystal data,
atomic positions, bond lengths and angles, anisotropic temperature
factors, and calculated structure factors are available (16 pages).
Ordering information is given on any current masthead page.
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The task of locating hydrogen atoms in transition-metal com-
pounds has always been a complex and difficult operation. Hence,
detailed structural information about the nature of hydrogen-
to-metal bonds has been rather limited. Compounds of the series
[HFe(CO),M(CO);]” (M = Cr, Mo, W) are no exception.! For
the W ion, a complete structure determination by X-ray diffraction
yielded the atomic positions of all atoms except that of the hy-
drogen. This complex was originally believed to contain a bridging
or semibridging hydride because of the presence of a weak Jy._g
coupling of 15.0 Hz.! Using the theoretical approach described
below, we determined that the hydride ligand in [HFe(CO),4-
Mo(CO);] is terminally bonded to the iron. The ease of this
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Figure 1. Contour map (a) shows the primary Fe-Mo bonding molecular
orbital, which contains more Fe than Mo character and may be viewed
as a dative Fe—Mo bond. Contour map (b) shows the primary H-Fe
bonding molecular orbital, which contains somewhat more H than Fe
character. Both of these delocalized molecular orbitals also contain
significant carbonyl character.

determination suggests that our method may be competitive with
experimental methods for determining H atom positions in metal
dimers and clusters.

As far as accurate bond lengths and angles are concerned,
complete characterization of transition-metal hydrides is more
complicated than for most other organometallic complexes. Direct
location of a hydrogen atom is difficult, since in the most used
method of structure determination, X-ray crystallography, the
scattering cross section of a hydrogen atom is so small. The
problem intensifies as the metal to which the H is bonded becomes
heavier or as the number of transition metals in the complex
increases.”® From knowledge of ligand dispositions or from the
weak electron density peaks in difference Fourier maps, it is
possible to indirectly locate hydrogen positions from X-ray data
alone.>® Accurate information may be obtained through neutron
diffraction, but one needs large well-formed crystals, special fa-
cilities, and long collection times.>*¢ As an alternative approach,
we considered the use of quantum mechanical calculations to locate
hydride positions and, therefore, establish a complete structure.
An alternative molecular mechanical approach has been suggested
by Ciani et al. and Orpen.’

Our approach is to use the X-ray structure to fix the positions
of all the heavy atoms and to use ab initio molecular orbital
calculations to locate the position of the H atom by direct cal-
culation of the total energy for various H atom locations. Since
bond distances for both second- and third-row metals are similar,
we used the structural data for [HFe(CO),W(CO);]  to fix the
positions of the model dianion [Fe(CO),Mo(CO)s}*>". This dianion
was then protonated at various positions to map out the potential
energy well in which the H is located. The basis functions em-
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ployed in this study were similar to those used in our previous
work.2® The carbonyl and metal core were represented by a
minimal basis set. The H and valence orbitals of the metals were
represented by a double-{ basis set. Although this is a small basis,
the double-{ character of the metals and hydrogen should lead
to reasonable structures. Except for the plotting, all calculations
were carried out on the chemistry department VAX 11/780
computer. The integrals and the Hartree—~Fock-Roothaan'® SCF
calculations were done with the ATMOL 3 systems of programs.'!
The program MOPLOT was used to plot the wavefunctions of the
molecular orbitals.!> The maps were drawn by the program
CONTOUR on a Xerox 9700 laser printing system!? on the Texas
A &M University Amdah] computers.

The optimized coordinates gave a H-Fe-Mo bond angle of 90°,
a H-Fe bond length of 1.65 A, and C, symmetry. The calculated
H position is seen in the molecule depicted below. Although we

\\ ¢ T/TP 2,991 "I’

have not mapped out the entire energy surface for the H, we have
examined a number of points near bridging, semibridging, and
terminal sites. The terminal site appears to be a global minimum.
The eigenvectors resulting from the ab initio calculation produced
the orbital contour maps seen in Figure 1, which show the orbitals
in the YZ plane containing the H, Fe, and Mo atoms and 3CO
groups. Figure la contains a contour plot of the HOMO which
contains the heteronuclear bimetallic interactions. This orbital
is clearly the bonding combination between the HFe(CO), and
Mo(CO), fragments. The orbital is mainly Fe in character, as
would be expected for a formal HFe(CO),~ fragment with a dative
bond to a Mo(CO)s fragment. Figure 1b shows the H~Fe in-
teraction where the electron density lies toward the hydrogen as
expected for a transition-metal hydride. The chemistry of these
ions supports this description.!!4

There is circumstantial evidence to support our prediction of
a terminal hydride and of its location. The occurrence of a
bridging hydride ligand is rare for a heteronuclear metal-metal
bond; examples of bimetallic complexes where the hydride is the
only bridging ligand are even rarer.'® The X-ray crystal structure
(non-hydrogen portion) showed no bridging carbonyls and the
infrared spectra showed no bands in the bridging carbonyl region.!
Also, it is well-known that terminal M~H distances involving
first-row transition metals usually lie in the range 1.4-1.7 A;
furthermore, the parent fragment, [HFe(CO),]™ has an Fe-H bond
length of 1.57 A.2 Very recently, Darensbourg and co-workers'®
have synthesized [(Ph;PAu)Fe(CO),W(CO)s]", which has a
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Ph;PAu bound terminally to the iron. The isolobal analogy!”:'®
would suggest that this Ph;PAu complex has a structure similar
to [HFe(CO),W(CO);]". The IR band patterns and C!3 reso-
nances are comparable, and X-ray data show the Fe-W and
W-CO bond distances (as well as the arrangement of atoms) to
be nearly identical for the two compounds. All evidence points
to a terminal Fe-H with the W-H coupling arising indirectly
through the Fe-W bond or directly through the delocalization
of the Fe~H bond onto W, as shown in Figure 1b.

With modern computer systems, significantly larger molecules
could be handled. Thus, the approach of freezing the heavy atoms
at the X-ray structure and locating the H through ab initio
calculations may be competitive with neutron diffraction in terms
of cost and effort. It has advantages over molecular mechanical
methods, because it needs neither estimates of M~H bond lengths
nor assumptions about H sites (terminal, edge bridging, or face
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Glucagon is a peptide hormone produced and processed into
its biologically active form in the pancreas and in the gut, whose
primary biological role is the stimulation of glucose release and
production. The most important biological form of the hormone
is a linear 29 amino acid peptide (H-His-Ser-Gln-Gly-Thr-Phe-
Thr-Ser-Asp-Tyr-Ser-Lys-Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Gln-
Asp-Phe-Val-Gln-Trp-Leu-Met-Asn-Thr-OH). Structure—func-
tion studies have demonstrated that the C-terminal region of
glucagon is important for binding of the hormone to its plasma
membrane receptor.!> The X-ray structure of a crystalline form
of the hormone formed under basic conditions has been deter-
mined* and shows that this region has an a-helical structure.
Numerous studies indicate that this «-helical structure is present
in solution under a variety of conditions for glucagon.* Analysis
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