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tetraphenylboron gegenions are not intimately paired with the
ammonium functional groups, one might expect that the Me-CD
moieties would dissociate from the phenyl substituents of the
porphyrin. Nevertheless, as assessed by TLC, the complex is stable
in acetone and in 60% benzene/40% acetone (the latter is the
eluent employed for the purification of 3). We have recently
demonstrated in a related system that a barrier does exist for the
dissociation of the Me-CD moiety and that this barrier appears
to be associated with solvation of the ammonium salt. Indeed,
upon heating 3 to reflux in acetone, we begin to observe the
formation of uncomplexed porphyrin. This process can be ac-
celerated by treating the complex in acetone at room temperature
with a trace of triethylamine.

The synthetic methodology described herein offers unusual
flexibility in the construction of a range of heme-dependent protein
mimics. Replacement of the Me-CD moieties with other hosts
should provide a means to alter the size, shape, and hydrophobicity
of the groove that circumscribes the porphyrin moiety. Since the
groove has clear potential as a substrate binding site, such al-
terations may be useful in controlling substrate specificity. In
addition, charged subunits of appropriate steric bulk can be used
to covalently modify the primary amines of the porphyrin and
thereby render the entire complex water soluble. These, as weli
as related studies, are currently in progress.
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Recently, the first account of dichloromethane acting as a ligand
was published.! We now report? a second example of the binding
of this molecule to a metal. The compound [{(n®-
(:6Nie6)212112l‘lz((:l'lz(:lz)}I{UBI()I‘Is(()Et)zlz’3 was prepared in 18%
yield (based on Ru) by refluxing [{(n5-C¢Meg),Ru,H,}-
RuB;oHg(OEt),}* and phenylacetylene in CH,Cl, under an at-

(1) Newbound, T. D.; Colsman, M. R.; Miller, M. M.; Wulfsberg, G. P;
Anderson, O. P,; Strauss, S. H. J. Am. Chem. Sac. 1989, /][], 3762.

(2) 1-(¢’,9’-Diethoxy-nido-octahydrodecaborato)-2,3-bis(n®-hexamethyl-
benzene)-uy-hydrido-2,3-u-hydrido-1,2-u:1,3-u-(dichloromethane)-triangulo-
triruthenium.

(3) Crystallographic data: Green crystal of [{(n5-C4Meg);Ru,H,-
(CH,CL){RuB,oH3(OEt),], size 0.2 X 0.2 X 0.25 mm, monoclinic P2,/n, a
= 11114 &2) Ab=17748 3) A, c=19510(5) A, 8=103.18 2)°, U =
3750 (2) A%, Z =4, T = 20 °C, Dy = 1.63 g cm™!, F(000) = 1856.0,
Enraf-Nonius CAD4 diffractometer, graphite monochromator, w/28scans, .,
= 25°, 6553 unique data measured. Lorentz and polarization corrections,
empirical absorption corrections, maximum and minimum values of 0.9992
and 0.9539 respectively, u(Mo Ka) = 93.3 cm™!. Weighted least-squares
refinement on F with neutral atom scattering factors and anomalous disper-
sion, anisotropic thermal parameters for all non-H atoms. Positional and
thermal parameters refined for H attached to B atoms and those associated
with the Ru triangle; H atoms attached to C in fixed positions with U/ = 0.05
e A2 R =0.040, R, = 0.041 for 488 variables and 3512 data for which F2
> 2.5¢(F%); weight = 3.2739/(¢%(F) + 0.000318F?).
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B(9)

Figure 1. Diagram of the molecule [{(n®-C¢Meg),Ru,H,(CH,Cly)l-
RuB,yH(OEt),]. Thermal ellipsoids are drawn at the 50% probability
level. Ru—C distances average at 2.24 A; Ru-B distances lie in the range
2.10 (1)-2.36 (1) A; other dimensions within the closo-type RuB,, cluster
are similar to those already reported (ref 4). Proton and !'B NMR data
are as follows (ordered as (''B)/ppm (relative intensities in parentheses)
[with directly bound 6('H)/ppm in square brackets (relative intensities
in parentheses)]}: +99.0 (1 B) [OEt], +93.9 (1 B) [OEt], +1.4 (2 B)
[+1.78 (2 H)], 1.3 (3 B) [+3.59 (1 H), +1.41 (2 H)], -4.0 (1 B) [+2.61
(1 H)], -6.5 (2 B) [+0.61 (2 H)]; also 6(*H) (#%-C4Meg) +2.17 ppm;
CD,Cl, solution at 297 K.

H(1) &
[T H(2)
~ ca1)
ci2)
& H(12B)
4 LR S

L e

Ru(2)
H(12A)

Figure 2. Diagram showing the binding of the dichloromethane molecule
to the Ruj triangle in [{(n8-CsMeg),Ru,;H,(CH,CL)IRuB,gHg(OEL),].
Thermal ellipsoids are drawn at the 50% probability level. Selected
interatomic distances (angstroms) and angles (degrees) are as follows:
Ru(1)-Ru(2), 3.100 (1); Ru(2)-Ru(3), 2.869 (1); Ru(1)-Ru(3), 3.106
(1); Ru(1)-CI(1), 2.403 (3); Ru(1)-Cl(2), 2.396 (2); Ru(2)-Cl(2), 2.315
(3); Ru(3)-CI(1), 2.319 (3); Ru(1)-H(12A), 2.19 (8); Ru(2)-H(12A),
1.92 (7); Ru(3)-H(12A), 1.88 (7); Ru(2)-H(12B), 2.20 (7); Ru(3)-H-
(12B), 2.20 (7); C(31)-Cl(1), 1.803 (9); C(31)-Cl(2), 1.827 (9); Ru-
(1)-C1(1)-Ru(3), 82.2 (1); Ru(1)-Cl(2)-Ru(2), 82.3 (1); CI(1)-C-
(31)-CI(2), 102.4 (5). Proton NMR data are as follows: §('H) (H(1))
+2.49 ppm (d), 6(*H) (H(2)) +4.89 ppm (ddd), 6('H) (H(12A)) -14.74
ppm (dd), 6('"H) (H(12B)) —22.40 ppm (dd); 2J(H(1)-H(2)) 10.1 Hz,
4J(H(2)-H(12A)) 1.2 Hz, “J(H(2)-H(12B)) 5.3 Hz, ¥/(H(12A)-H-
(12B)) 4.9 Hz.

mosphere of dry N, for 43 h. Purification was effected by repeated
preparative thin-layer chromatography on silica with CH,Cl, as
the eluting solvent (green band, R, = 0.28).

The idealized stoichiometry is given by the equation

[l(776'CeMee)2Ruzl‘ll4§RUB1oHs(OEt)2] + CH,Cl, —~
[l(v6'C6Mee)zR02H2(C2H2C12)iRUBloHs(OEt)zl + H,

(4) Bown, M.; Fontaine, X. L. R.; Greenwood, N. N.; MacKinnon, P.;
Kennedy, J. D.; Thornton-Pett, M. J. Chem. Soc., Dalton Trans. 1987, 2781.
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Compound 2 is an air-stable green solid; crystals suitable for a
single-crystal X-ray structure analysis were grown by vapor
diffusion of diethyl ether into a dichloromethane solution.

The molecular arrangement detrmined for 2 is shown in Figure
1 and that of the {RusH,(CH,Cl,)} fragment is depicted in Figure
2. The analysis reveals a triangle of ruthenium atoms with two
of the metals in coordination with two hexamethylbenzene ligands;
the third ruthenium atom forms part of a {2,3-(OEt),-isocloso-
1-RuB,oHg} subcluster. The CH,Cl, occupies a position on one
side of the {Ru,} triangle such that each Cl forms an asymmetric
bridge between a pair of ruthenium atoms, notionally replacing
the H(1,2) and H(1,3) hydride bridges of the parent molecule.*
The ruthenium atom involved in the metallaundecaborane moiety
is associated with the longer Ru-Cl distances of 2.403 (3) and
2.396 (2) A for Ru(1)—CI(1) and Ru(1)~Cl(2), respectively. These
may be compared with the more normal® distances for Ru(2)-
Cl(2) and Ru(3)-CI(1) of 2.315 (3) and 2.319 (3) A, respectively.
Two bridging hydride atoms have been located: H(12A) is ap-
proximately equidistant from Ru(2) and Ru(3), and H(12B) is
approximately equidistant from all three metal atoms but at a
significantly longer distance. The dimensions of the isocloso-1-
metallaundecaborane are similar to those in 1* and in related
compounds of ruthenium®® and osmium.?> The Ru(1) atom center
may be regarded as being formally ruthenium(II) if the hypercloso
view!®12 is adopted, or ruthenium(IV) for the isocloso view 6851314
Whichever view is taken, the two hexamethylbenzene ligands
contribute six electrons each, the formal borane ligand four, the
two bridging hydrogen atoms one each, and the three ruthenium
atoms eight each. The chlorine-ruthenium bond lengths suggest
that both chlorine atoms are donating two lone pairs to the cluster,
thus giving a total cluster electron count of 50, two greater than
the 48 usually!® associated with triangular clusters. The greater
thermal stability of 2, which is stable in refluxing acetonitrile,
in comparison with Ag,(CH,Cl,),Pd(OTeFs),,' which is stable
only below =20 °C, may reflect the stronger interaction of the
dichloromethane in 2, where both lone pairs of electrons on each
chlorine atom are involved in cluster bonding.

Refluxing 1 in dichloromethane alone, even over an extended
period, was shown to effect no change, indicating a role for
phenylacetylene in the formation of 2. A second product, isolated
from the reaction in 69% yield (based on Ru), has been charac-
terized as the u-n%-alkenyl compound!® {{(7%-C¢Meg),Ru,H;(u-
7*-HC=CHPh)}RuB,,Hs(OEt),}. This latter compound may
suggest that 2 is formed via a u-n*-alkenyl complex, with di-
chloromethane displacing the u-n?-alkene ligand as styrene.
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Ultraviolet resonance Raman (UVRR) spectra of bacterio-
rhodopsin (bR) in the light-adapted (LA) and dark-adapted (DA)
states are reported for the first time. The spectra have provided
key information on the structures and environments of aromatic
amino acid side chains, in particular Trp and Tyr. Conclusions
derived are that (1) some Trp side chains in bRs¢ are located in
hydrophobic environments, and the hydrophobicity of the Trp side
chains or the number of such Trp side chains increases in bRsg;
(2) the C4~C, torsion angles of most Trp side chains are about
+102° or =102° in both bRs¢g and bRs4s; (3) the indole N H sites
of some Trp in bRssg and bR, are strongly H-bonded; and (4)
at least one Tyr is present as the anionic form (Tyr) in bR,
and the number of Tyr~ decreases in bRsug.

LA-bR consists solely of bRs¢ with all-trans-retinal as the
visible chromophore while DA-bR is a mixture of bR sz and bR s,
the latter containing 13-cis,15-cis-retinal.! Figure | shows the
UVRR spectra of LA-bR and DA-bR excited at 240 nm with an
H,-Raman-shifted pulsed Nd:YAG laser. The spectra are dom-
inated by the bands arising from 8 Trp and 11 Tyr side chains
among which the band at 1617 cm™' is an overlap of those of
tyrosyl vg, and tryptophyl W1.# Parts a and b of Figure 2 are
240-nm excited spectra (1675-1500-cm™! region) of bR-Tyr-d
containing ring-deuteriated Tyr (Tyr-d, deuteriation being 97%
at e and 60% at 8), where W1 (1620 cm™!) is separated from the
downshifted vg, of Tyr-d at 1598 cm™', Figure 2¢ is a 240-nm
spectrum of aqueous Trp. Parts d—g of Figure 2 are 253-nm
excited spectra of LA-bR, DA-bR, and aqueous Trp and Tyr".

The UVRR spectra of individual aqueous aromatic amino acids
have now been established.*1® A pair of Trp bands around 1360
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