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Observation of an Unusual Molecular Switching Device. The Position of One
1,2-Dimethylimidazole Switched “On” or “Off” the Rotation of the Other
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Somecis,cis,CisRuXz(Me>0),(1,2-Melm)L complexes [L= 1,2-Melm (1,2-dimethylimidazole) or MgBzm
(1,5,6-trimethylbenzimidazole), X Cl or Br, and M@SO = S-bonded DMSO] have been synthesized and their
rotamers studied in CDgl From 2D NMR datacis,cis,CisSRuCh(Me;SO),(1,2-Melm)(MesBzm) has 1,2-Mg

Im in position “a” (cisto both MeSO’s andcisto “b”) and MeBzm in position “b” fransto one MeSO andcis

to the other). There are two stable atropisomers [head-to-tail (HT, 84%) and head-to-head (HH, 16%), defining
the aromatic H of RteN—C—H as head for both ligands]. MBzm has the same orientation in both atropisomers.

In this orientation, the unfavorable interligand steric interactions ofBdm with the MeSO and 1,2-Melm

ligands appear to be countered by favorable electrostatic attraction betweéf tHgCH moiety of MgBzm

and thed— cis Cl ligands. The 1,2-Mgm lacks ad+ N,CH group, and its orientation is dominated by steric
effects of the 2-Me group. The NMR spectrumaig,cis,CisSRuChL(Me;S0),(1,2-Melm), is consistent with four
rotamers in restricted rotation about both-R\i bonds: two HH and two HT. 2D NMR techniques (NOESY

and ROESY) afforded complete proton signal assignments. The ligand disposition could be assessed from the
large chemical shift dispersion of some 1,2-J\e ligand signals A 0.86-1.52 ppm) arising frontis-1,2-Me-

Im shielding modulated by deshielding influences of tigehalides. The relative stability of the four rotamers
correlates best with steric interactions between the 2-Me groups and $#@Mgands. The most favorable
conformer (46%) is the HH rotamer with both 2-Me groups pointing away from thgSBldigands. The least
favorable conformer (14%) was also HH, but the methyl groups in this case point toward 188 Mgands. In

the HT conformers of intermediate stability 20%), one 2-Me group is toward and the other is away from the
Me,S0 ligands. The exchange cross-peaks in the 2D spectra are unusually informative about the dynamic processes
in solution; the spectra provide evidence that the rotamers interchange in a definite pattern of succession. Thus,
all conceivable exchange pathways are not available. 12AM#” can rotate regardless of the orientation of
1,2-Melm “a”. 1,2-Me;m “a” can rotateonly when “b” has the orientation with its 2-Me group directed away

from “a”. Thus, 1,2-Melm “b” can switch 1,2-Melm “a” rotation on or off.

Introduction investigated in complexes with 6 or higher coordination
number:1* Higher-coordinate inorganic stereodynamic systems
typically studied involve fluxional isomerism im-bound ligands
or scrambling in carbonyl clustet&16

The strong interest in square-planar platinum(ll) analogues
of cisplatin €is-PtCh(NHzs),) arises from their anticancer
properties, whose mechanism of action is still under extensive
investigationt” These drugs function by attacking nucleobases

The distribution of ligands among coordination positions of
metal centers has been a primary focus of inorganic coordination
chemists. However, less attention has been paid to the
orientation of ligands with respect to other ligands. With the
powerful structural methods now available, the elucidation of
ligand orientation and of the factors that influence such
orientation is now achievable. We are interested in orientation
effects of nucleobases coordinated to metalloanticancer drugs

(3) Sundquist, W. I.; Bancroft, D. P.; Lippard, S.1.Am. Chem. Soc.

via a singles bond, since the consequent effect of orientation
in DNA adducts may influence DNA structure and thus
modulate anticancer activity. This interest has led us to
investigate orientation effects in ligands that can serve as
biological models but which are simpler than those normally
found in biological systems. The elucidation of ligand orienta-
tions in solution requires that rotation about thebonds be
restricted.

The phenomenon of restricted rotation about melighnd
o bonds in simple coordination compounds has been studied in
detail in a few square-planar complek&s$ but has seldom been
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An Unusual Molecular Switching Device

in DNA, forming Pt=N o bonds. The nucleobase ligands are
lopsided, ancis-bis(guanine) adducts, models for the lesion
normally found whertis-type Pt anticancer drugs bind to DNA,
have HT (head-to-tail) or HH (head-to-head) atropisomers. On

the NMR time scale, purine nucleobase complexes in solution

normally exhibit free rotation about the Fi(nucleobase)

bond, and atropisomers cannot be distinguished. However,

Cramet® demonstrated in some -Pguanosine complexes that

Inorganic Chemistry, Vol. 35, No. 8, 199&@385

Experimental Section

Physical Measurements. NMR experiments were performed as
described previously. Elemental analyses were performed by Atlantic
Microlabs, Atlanta, GA.

Reagents. Hydrated RuG was a loan from Johnson Matthey.
DMSO and all the other solvents (Fisher) were used without further
purification. All other reagents were from Aldrich. Deuterated solvents
were purchased from Aldrich and Cambridge Isotope Laboratories.

the guanosine rotation rate was reduced when the other ligands Starting Materials. cis- and transRuXx(Me,SO) (X = Cl, Br)

were bulky. Cramer found two species of roughly equal

were prepared by known methotfs.Deuteratedcis-RUCL(Me,SO),

population based on the observation of two G H8 signals and Was obtained by dissolving the complex in warm DM&X0.5 g in

concluded that these were the two possible HT rotarfers.
Although this interpretation was reasonable, the similarity in
the signal intensity did not allow the assignment of the two H8
signals to a single HH species to be excluded. Later, Reily
and Marzilli used'®Pt NMR to establish the presence of two

3 mL, 30 min); addition of acetone induced precipitation of the product.

cis,facRUChL(Me,S0);(MesBzm)4 was prepared as previously reported.
cis,cis,CisRUClx(Me;S0),(1,2-Meslm) 2 (1). 1,2-Melm (440 ul,

5 mmol) was added to a suspensiortisfRUCL(Me,SO), (1 g, 2 mmol)

in absolute ethanol (60 mL). The magnetically stirred solution was

heated at reflux for 1.5 h to give an orange solution that was

species in a related system, showing that two HT species of concentrateih vacuoto ~5 mL; after treatment with drops of hexane,

similar stabilities were preseft.In a later study, Xuet al*
were able to stereochemically control atropisomerization in Pt
GMP complexes. With aC,-symmetric cis-type Pt drug

the solution was refrigerated. The yellow precipitate that formed in 2
days was collected and rapidly washed with small amounts of cold
ethanol and diethyl ether and vacuum-dried at°@5(yield: 0.6 g,

analogue, they were able to detect the four base H8 signals from56%). The complex was recrystallized from acetone/DMSO mixtures
the three possible atropisomers in slow chemical exchange at(0-6 9 of crude complex in 8 mL of acetone and 2800f DMSO) by

ambient temperature. In this system, the distribution of atro-
pisomers was quite different, with one HT much more stable

than the other HT atropisomer. Furthermore, an HH atropisomer

was detected in solution for the first time.

Inorganic complexes with higher coordination number are
more complicated and thus more difficult to study. Recently,
we showed thatis,cis,cisRuCh(Me;S0),(MesBzm)! [MezBzm
= 1,5,6-trimethylbenzimidazole and Y8 = S-bonded dim-
ethyl sulfoxide (DMSO)] exists as two rotamers of nearly equal
stabilities. ThelH NMR spectra indicated restricted rotation
on the NMR time scale. The two rotamers interchange by a
180 rotation about onlyneof the two Ru-MezBzm ¢ bonds,
namely the MgBzm transto Cl.14 We now report a detailed
NMR study of another dynamic Ru octahedral compls,-
cis,cisRUCh(Me,S0),(1,2-Melm); (1,2-Melm = 1,2-dimeth-
ylimidazole). The difference in bulk between two imidazole

addition of diethyl ether (yield: 60%). Anal. Calcd fof8sCloN4O,-
RuS (MW 520.49): C, 32.30; H, 5.42; N, 10.76; S, 12.32; Cl, 13.62.
Found: C, 32.47; H, 5.44; N, 10.70; S, 12.22; Cl, 13.56.
cis,cis,CisRUBr(Me;S0),(1,2-Mexlm), (2). A procedure similar
to that forl was adopted (after the reaction, ethanol was replaced with
acetone in order to facilitate precipitation of the product). As in all
syntheses ddill-cis derivatives, a mixture ofis- andtransRuBr(Mex-
SO), can be used as starting material. The complex was recrystallized
from acetone/DMSO mixtures (0.54 g of crude complex in 6 mL of
acetone and 150L of DMSO) by adding diethyl ether. The orange
microcrystalline product was collected, washed with acetone and diethyl
ether, and vacuum-dried at 2& (yield: 70%). Anal. Calcd for
CiaH28BrN,O-RUS (MW 609.39): C, 27.59; H, 4.63; N, 9.19; S, 10.52;
Br, 26.22. Found: C, 28.17; H, 4.81; N, 8.68; S, 10.78; Br, 26.57.
cis,cis,CisRUCl(Me;S0),(MesBzm)(1,2-Melm) (3). 1,2-Melm
(35 uL, 0.4 mmol) was added to a suspension aé,facRuCkb-
(Me;S0);3(MesBzm) (150 mg, 0.26 mmol) in absolute ethanol (10 mL).
When heated at reflux for 1.5 h, the magnetically stirred suspension

and two benzimidazole ligands has the potential of substantially became a clear, deep yellow solution. The volume was reduced to
changing the both the number and distribution of isomers. There ML by rotary evaporation. Diethyl ether was added, and the solution

is a possibility of slow rotation abobiothmetal-nitrogen bonds
instead of only one.cis,cis,CisRuCh(Me,;S0),(1,2-Melm)-
(MesBzm), a mixed-ligand derivative, was also studied.

We utilized NMR spectroscopy as our main tool for this
investigation. Proton signals were assigned by using two-

was stored at 4C. Yellow microcrystals, formed within a few days,
were collected, washed with cold ethanol and diethyl ether, and then
vacuum-dried at 28C. Diethyl ether 2 mL) was added dropwise

to a solution of the crude product (240 mg in 5 mL of acetone and 0.5
mL of DMSO). After refrigeration, more diethyl ether was gradually
added to the solution until yellow crystals of the product slowly formed;

dimensional (2D) techniques such as exchange correlationthese were collected and washed as described above (yield: 60%). Anal.

spectroscopy (EXSY§2° and rotating-frame Overhauser en-
hancement spectroscopy (ROESY)? Spectral data were also
used to probe the dynamic behavior of the complexes.

This work was further stimulated by our interest in the
chemistry of rutheniumsulfoxide complexe$! These com-
plexes have been shown to possess good antitumor progérties.

(17) Sherman, S. E.; Lippard, S.GOhem. Re. 1987, 87, 1153.

(18) States, D. J.; Haberkorn, R. A.; Ruben, DJJMagn. Resonl982
48, 286.

(19) Kumar, A.; Ernst, R. R.; Whrich, K. Biochem. Biophys. Res.
Commun198Q 95, 1.

(20) Jeener, J.; Meier, B. H.; Bachmann, P.; Ernst, RJ.RChem. Phys.
1979 71, 4546.

(21) Griesinger, C.; Ernst, R. R. Magn. Reson1987, 75, 261.

(22) Bax, A.; Davis, D. GJ. Magn. Resonl1985 63, 207.

(23) Bothner-By, A. A.; Stephens, R. L.; Lee, J.-m.; Warren, C. D.; Jeanloz,
R. W.J. Am. Chem. Sod.984 106, 811.

(24) Alessio, E.; Sessanta o Santi, A.; Faleschini, P.; Calligaris, M.;
Mestroni, G.J. Chem. Soc., Dalton Tran$994 1849.

(25) Mestroni, G.; Alessio, E.; Sava, G.; Pacor, S.; Coluccia, M.; Boccarelli,
A. Met.-Based Drug4994 1, 41.

Calcd for GgH3.CI,N4O,RUS (MW 584.60): C, 39.04; H, 5.52; N,
9.58; S, 10.97; Cl, 12.13. Found: C, 39.16; H, 5.54; N, 9.58; S, 11.06;
Cl, 12.18.

NMR Spectroscopy. *H NMR experiments were performed either
at 361.10 MHz on a GE NT-360 spectrometer or at 599.64 MHz on a
GE GN-600 Omega spectrometer. Sample concentrationswE)e
mM; solvents used include CDLlnd CDCl,. All spectra were
referenced to TMS.

(a) 2D H—'H EXSY. The phase-sensitive proton 2D EXSY
experiment=2° was performed on the GN-600 Omega atZa A
512 x 2048 data matrix was collected with 48 scanstpéncrement.
Each acquisition contained a 2-s relaxation delay, and the entire
experiment was preceded by four dummy scans. A mixing time of
500 ms was implemented along with a 5555.56 Hz spectral window.
Care was taken in optimizing the preacquisition-delay/dwell ratio in
order to minimize B phase adjustment. The data were processed in a
phase-sensitive absorption mode with Felix 1.1 or Felix 2.05 (Hare
Research, Inc., Bothell, WA) on an SGI 4D/25 Personal Iris or Iris

(26) Alessio, E.; Mestroni, G.; Nardin, G.; Attia, W. M.; Calligaris, M.;
Sava, G.; Zorzet, 9norg. Chem.1988 27, 4099.
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Chart 1. Numbering Scheme and the Intraligand NOE
Connectivity Path for the 1,2-Mbn Ligand
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Chart 2. Labeling Scheme for the Octahedral Ru Complex
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Indigo computer. An exponential multiplication with a line broadening
of 3 Hz was applied to the dimension. The second dimension was
zero-filled to 2048 data points, and a°4hifted square sine bell filter
was applied to the first 512 data points prior to Fourier transformation.
(b) 2D 'H—H ROESY. The homonuclear hypercomplex ZBl
ROESY experiments2® were performed on the GN-600 Omega
spectrometer at 28C. Totals of 512x 2048 data matrices were
collected with 48-64 scans pert; increment. The spectrometer
frequency was set off-center, downfield. An 8333.33 Hz window was
used along with a spin lock field of 3571.43 Hz fband 3030.30 Hz
for 1 with DMSO-ds. A 10 000 Hz window was used fd@ with a
spin lock field of 3571.43 Hz. All spin locks were implemented with
a 500-ms duration. A 2-s relaxation delay was incorporated prior to
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Figure 1. Downfield region of the 10H NMR spectrum ofcis,cis,-
cisRuCh(Me;S0),(1,2-Melm), (1). Arrows indicate the four rotamers
of H4 and their conversion pathway:=-(-) 1,2-Melm “a”; (—) 1,2-
Mezlm “b”.
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Figure 2. Downfield region of théH—'H ROESY spectrum at 25C

of cis,cis,CisRUCKL(Me,S0),(1,2-Melm), (1) depicting the exchange
cross-peaksi.e., negative cut) and pathways. The H4 connectivities
of the four rotamers are shown for 1,2-pite “a” (— —) and 1,2-Me-

Im “b” (—).

each scan, and the entire experiment was preceded by four dummy )
scans. Care was taken in optimizing the preacquisition-delay/dwell ligand and two from each ME&O ligand). The observed
ratio in order to minimize B phase adjustment. The data were processedspectrum ofl in CDCl; [16 aromatic signals between 6.4 and

in a phase-sensitive absorption mode. The spectrutmafs processed

in the t, dimension using an exponential multiplication with a line
broadening oflL Hz. Thet; dimension was zero-filled to 2048 data
points, and a Gaussian filter with a coefficient of 0.05 and line
broadening of-20 Hz was applied. The spectrum bivith DMSO-

ds was processed using a Gaussian filter with a coefficient of 0.1 and
line broadening of-1 Hz in thet, dimension. The second dimension
was zero-filled to 2048 data points, and & Bhifted square sine bell
filter was applied to the first 512 data points prior to Fourier
transformation. The data in the first dimension of the spectru® of
were apodized with an exponential multiplication (line broadening of
1 Hz). Thet, dimension was apodized with a €6hifted square sine
bell filter over the first 256 points. Data were zero-filled to 2048 data
points.

Results and Discussion

In the absence of restricted rotation, & NMR spectrum
of cis,cis,CisRuCh(Me,S0),(1,2-Melm), (1) (Charts 1 and 2)
should have four aromatic signals (two from each 1,2le
ligand) and eight methyl signals (two from each 1,2;Me

8.0 ppm (Figure 1) and 29 resolved resonances in the methyl
region] was consistent with the presence of four rotamers. Slow
interconversion on the NMR time scale was found in ROESY
and NOESY experiments, confirming that the species are
rotamers and not a mixture of geometric isomers.

Close examination of the downfield region of the ROESY
spectrum (Figure 2) revealed definite exchange pathways for
H4 and H5 and identified four rotamerfR1-R4) in slow
exchange. Peak integration of the 1D spectrum gave an
approximateR1:R2:R3:R4 ratio of 1.5:3.4:1.5:1.

The proton signals were completely assigned by the following
procedure (peak attribution was done mainly on the most
abundant rotamer): (i) Synthesis of the complex with DMSO-
ds allowed identification of the Mg8O methyl peaks. (ii) H5
and 1-Me were assigned because of their strong intraligand
NOE; H4 and 2-Me were assigned through-H%4 and 1-Me-
2-Me cross-peaks (Chart 1). (iii) M80 methyl signals
belonging to the same ligand have strong NOE cross-peaks. (iv)
Assignments of signals to particular rotamers were made on
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Table 1. *H Chemical Shifts (ppm) of hypothesis agrees with the unusual chemical shift changes
cis, Cis, CisSRUCH(Me;SO),(1,2-MeIm), (1) (100 mM in CDCh)? between the rotamers. There are large changes in chemical shift
R1 R2 R3 R4 for H4 “b” betweenR1 and R2 and betweerR3 and R4,
1.2-Melm “a’ suggesting that 1,2-Men “b” flips betweenR1 and R2 and
H4 7.64 757 6.78 6.93 betweenR3 and R4. In contrast, there is a large change in
H5 6.80 6.75 6.59 6.68 chemical shift for H4 “a” betweeR2 andR3 and betweeiR1
1-Me 3.55 3.50 3.60 3.63 andR4. Although there is also likely to be a flipped orientation
2-Me 2.05 2.00 2.73 2.76 for 1,2-Melm “a’ between these two pairs, there are no
1,2-Melm “b” exchange peaks betwe&1 andR4.
:g Z-gi g-gi' g-gg g-gg We now address the question of the orientations of the 1,2-
1-Me 365 368 364 359 Mezlm ligands in these rotamers. Chart 3 and Figure 3 are
2-Me 1.95 3.01 3.01 1.81 consistent with both the chemical shift data and the relative
Me,SO “c” abundance of the rotamer&2 and R4 are HH atropisomers
3.41 3.36 3.45 3.48 andR1 andR3 are HT atropisomers, (the head being defined
2.91 2.93 2.92 2.93 as the H4 end of the ligand). As found for the }em
Me,SO “d” analogue ofl,%14 ligand “b” has the most downfield signals
3.74 3.70 3.60 3.68 (H4 in two of the rotamerdR1 andR4); moreover, these two
2.83 2.86 2.81 2.78 signals undergo a clear downfield shift in the dibromo analogue

(2) (to 8.22 and 8.20 ppm). This shift suggests that H4 of “b”

the basis of peak intensities (all methyl peaks belonging to the in R1 and R4 points toward the twais halogeng#27.28
same rotamer have the same intensity) and some exchange peaks For both ligands “a” and “b”, a downfield shift of H4 always
in the ROESY spectrum. (v) Attribution of ligand position,  corresponds to an upfield shift of 2-Me and vice versa. The
i.e. which ligand is in position “a” ¢is to both MeSO’s) and largest factors affecting the chemical shifts are the shielding
which in position “b” (is to both CI's) (Chart 2), was  cones of the two imidazole rings. When a group is directed
accomplished through the interligand NOEs; H4 of 1,2,Me  toward the halides, its signal exhibits a slight downfield shift
“a” has NOE peaks to both M80's, while H4 of 1,2-Melm caused by the halide. In the caseRf (and R4), 2-Me “b”
“b” has an NOE with only one MO, “d”. falls into the shielding cone of “a” while 2-Me “a” falls into

The exchange peaks allowed us to correlate a given type ofthe shielding cone of “b”irR1 (andR2) (cf. Figure 3). Since
signal for all four rotamers, although all exchange pathways it points toward the halogens R1 (and alsoR2), 2-Me “a” is
were not presentf. Figure 2). For example, the H4 signal of  slightly more downfield shifted than 2-Me “b” iR1 and R4.
1,2-MeIm “b” at 7.94 ppm (intermediate abundanc@1) has Using this type of reasoning, all the 2-Me and H4 signals can
one exchange cross-peak to the H4 signal at 6.64 ppm (mosthe analyzed: for example, the shielding effects of 1,2iMe
abundant-R2). The 6.64 ppm signal, in turn, has another “b” on H4 “a”in R3 andR4 are countered by the halide effect
exchange cross-peak to the H4 signal at 6.43 ppm (intermediatecompared with H4 “b” inR2 and R3.
abundanceR3). The 6.43 ppm signal has an exchange cross-  NOEs present in the ROESY spectrum are consistent with
peak to the downfield H4 signal at 7.95 ppm (least abundant he pase orientations derived from the shiftSor R1, both
R4). In addition, the 7.95 ppm signal has a weak cross-peak 2_Me’s are close and both H4's are far apart. H4 “a” is in
to the 6.64 ppm signal. A similar pattern of H4 exchange peaks proximity to the MeSO ligands. We find a strong NOE
is present for ligand “a”. The downfield H4 signal at 7.64 ppm  petween the two 2-Me signals and no evident NOE between
(intermediate abundaned®k1) has only one exchange cross- ihe H4's. The H4 “a” signal has cross-peaks to two,S@
peak; this is to the H4 signal at 7.57 ppm (most abund&d). signals, 2.91 and 3.74 ppm, assigned to ligands “c” and “d”,
The 7.57 ppm signal has another exchange cross-peak to th@espectively. For R2, 2-Me “a” is close to H4 “b” and H4 “a”
6.78 ppm signal (intermediate abundan€8). This H4 signal s far from 2-Me “b”. ROESY data reveal a strong NOE
in turn has a cross-peak to the 6.93 ppm signal (least petween the 2-Me “a” and H4 “b”. NOEs are present between
abundant-R4). H5 signals for 1,2-Mgm “a” and “b” are H4 “a” and the signals at 2.93, 3.70, and 2.86 ppm, signals
linked in a similar manner. All of the signals were thus readily from the methyl groups of ligands “c” and “d”, consistent with
assigned to a distinct rotamer (Table 1). H4 “a” being close to the MO ligands. For R3, we would

For the H4 and other signals, two of the rotamers have two expect to see NOEs between the two H4 signals and no NOE
strong exchange peaks, while the other two rotamers have onlypetween the signals of the more distant 2-Me’s. A medium-
one strong exchange peak (Figure 2). These exchange peakftensity cross-peak is present between the H4 signals. No clear
suggest that there is a definite pattern of progression betweenNOE s evident between the two 2-Me signals. NOEs should
the four rotamers and that each rotamer cannot randomly 5i5g pe present between 2-Me “a” and tieMe,0 ligands.
interconvert into another form. The following exchange path an NOE is present between the signals at 2.73 ppm (2-Me “a”)

among the rotamers was indicated by these peaks: and 3.60 ppm (MgSO “d”). Finally, for R4, H4 “a” is in close
proximity to 2-Me “b”. As expected, an NOE is present
Rl1=R2<=R3<=R4 between these two signals (6.93 and 1.81 ppm); in addition, no

NOE is seen between the signals of the well-separated 2-Me
“a” and H4 “b”, as expected.

We believe that the stability of the rotamers is determined
ainly by the steric interactions between the 2-Me groups and
the two MeSO ligands. R4 is the least stable of the four, as
the 2-Me groups of the two ligands are both pointing toward

There is a weak cross-peak between the H4 “a” signaRf
and R4, consistent with two sequential exchanges.

The following hypotheses were assessed to determine if theym
could be used to explain the nature of the four rotamers and
their interconversion pathway: (i) one 1,2-pfa is in slow
exchange among four positions in progression (possibly 90
from each other) while the other one either is in a fixed position (27) Barnes, J. R.: Goodfellow, R.dI.Chem. Res., Miniprirt979 4301,

or is in fast ro_tat?on or (i) both 1,2-Mém ligands are (28) Barnes, J. R.; Goggin, P. L.; Goodfellow, RJJChem. Res., Miniprint
independently flipping (probably by18C°). Only the latter 1979 1610.
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Table 2. *H Chemical Shifts (ppm) of
cis,cis,CisRUCKL(Me,S0)(MesBzm)(1,2-Melm) (3) in CDClz2

R1 R2 R1 R2
1,2-Melm “a”
H4 7.78 6.56 1-Me 3.34 3.64
H5 6.84 6.39 2-Me 1.51 2.86
MezBzm “b”
B2H 8.81 8.84 B10kl 2.11 2.10
B4H 6.56 6.54 B11lk 2.37 2.34
B7H 7.21 7.16 B12kl 3.92 3.90
Me,S0 “¢”
CHs(2) 3.47 3.53 CH(2) 3.01 3.02
Me,SO “d”

CHs(1) 3.73 3.67 CH2) 2.67 2.62

a See Chart 1 for 1,2-M#m notation, Chart 4 for MgBzm notation,
and Chart 2 for ligand positionsR1, HT (84% abundant)R2, HH
(16% abundant).

Chart 4. Numbering Scheme and the Intraligand NOE
Connectivity Path for the M@zm Ligand

Figure 3. Perspective drawings foll (R1—R4). The proposed
orientation of the ligands is based on proton chemical shifts afid 12
the crystal structure ofis,cis,cisRUCh(Me;S0),(MesBzm),.

Chart 3. Proposed Ligand Orientations in the Four
Rotamers ofl2

Me, SO, Me, SO,
: 2-Me : :H4 :
Rotamer 1 Rotamer 4
Me, SO Me, SO /

aThe carbons are designated “B” (for benzimidazole) in the
2 Me H4 references to NMR results in the text.

rotamers were present in-eb:1 ratio R1:R2). All H signal

Rotamer 2 Rotamer 3 assignments and ligand dispositions (Table 2) were determined
2"p” is above the plane of the paper, and for clarity, J8@ “c” is from a ROESY spectrum in which intra- and interligand NOEs
not shown. were evident. The ROESY spectrum also revealed exchange

peaks between the two sets of rotamer peaks. An assignment
Me,S0 ligands, whileR2 is the most stable, since the two 2-Me  strategy similar to that fot was followed. The doublet at 6.84
groups are far from the M&0 ligands (Chart 3 and Figure 3). ppm has a very strong NOE to the methyl signal at 3.34 ppm,
The two HT rotamersR1 and R3, have comparable steric designating these two signals as H5 and 1-Me, respectively.

interactions and stability. The H5 signal has a strong NOE to the doublet at 7.78 ppm,
Another conclusion that can be drawn is that position “a” of assigning it to H4; the 1-Me signal has a strong NOE to the

1 is the most hindered, in agreement with “a” beiigto two 1.51 ppm signal, distinguishing it as 2-Me. For theEiem

Me,S0 ligands, while “b” iscis to only one. In fact, while in ligand, the NOE path shown in Chart 4 was followed. Of the

all rotamers 1,2-Mgm “b” is always free to flip back and forth,  remaining methyl signals, the downfield one at 3.92 ppm was
1,2-Melm “a” cannot flip back and forth fronR1 to R4 (when assumed to be thd-methyl (B12H) signal. This signal has
the 2-Me of “b” points toward the “a” ligand), since there are NOESs to B2H and B7H, respectively. NOEs from B7H around
no exchange peaks between the two. Examination of modelsthe six-membered ring give the remaining signal assignments
suggests that rotation of “a” frorR2 to R3 is relatively free for B10Hs, B11Hs, and B4H.

since there are no steric interactions with 2-Me “b”. The cross- Ligand dispositions (Chart 2) foB were assessed from
peak betweelR4 andR2 suggests that, iR4, rotation of “a” interligand NOEs between the L and pM® signals. NOEs
and “b” can occur in progression during the mixing time in the are present between signals from 1,2;Meto both MeSO
NMR experiments. In platinum complexégxchange peaks ligands, whereas signals from Bzm have NOESs to only one
attributable to two sequential rotations occurring during the Me>SO. This pattern of NOEs suggests that 1,2;NMeis in

mixing time are commonly observed. the “a” position,cis to both MeSO'’s, and MgBzm is in the
For cis,cis,cisRuChL(Me;S0),(MesBzm)(1,2-Melm) (3), five “b” position, cis to only one MeSO (Chart 5).
aromatic signals and nirfél NMR methyl signals are expected From *H chemical shift analyses &, we believe that the

for a single rotamer; however, twice the number of signals were two rotamers are products of a slow rotation of the 1,2Ike
found, suggesting the presence of only two rotamers. The ligand (large shift changes between rotamers) while the-Me
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Chart 5. Proposed Ligand Orientations in the Two between B2H and theis halides!* This finding is supported
Rotamers of3? by the structural features of MBzm “a” in cis,cis,cis
Me,SO cl Me,SO cl RuCh(Me,S0),(MesBzm),! The HH atropisomer of this

complex can be crystallized, and distortions around the- Ru
N—C angles of MgBzm “a” clearly indicate steric hindrance.

H4 H2 H4 H2 Nevertheless, the solution data show that this HH rotamer is
Me2 H4 comparable in stability to the HT rotamer. Thisl:1 ratio
H4/‘a cl Mez/‘a cl contrasts with the 5:1 ratio & H4 of 1,2-Melm is likely to
be less acidic than B2H, and the 2-Me group and the six-
Rotamer 1 Rotamer 2 membered ring of MgBzm are both bulky. Thus, only two
a See Chart 1 for 1,2-Mém notation and Chart 2 for ligand  rotamers are stable f@ whereas four rotamers can be observed
positions. with 1.
Bzm ligand remains static (essentially no shift between rota- Conclusuong . L
mers). In an analog &, cis,cis,cisRUCKL(Me,SO)(py)(Mes- . NMR e_wdence has dgmgnstrated restricted rotation in two
Bzm) (py = pyridine), the py occupies the “a” positidhand six-coordinate Ru coordination complexes containing 1,2-Me

the M&Bzm B2H points toward the halides (comparable B2H Im. In 1, four rotamers were ob_served. The population pattern
chemical shifts are found in the analogous complexes). The of the_ four rotamers is determined by the steric nature of the
shifts also provide information about which rotamers are present. coordinated ligands. IR2, the most stable rotamer, the 1,2-
The major conformerR1) has a HT structure in which the 1,2- Me2Im ligands are arranged in a HH manner with the 2-Me
Me,lm H4 is oriented away from the halides (Chart 5). The 9roups pointing away from the MEO ligands. This type of
minor conformer R2) has a HH structure in which the 1,2- conformation is the least sterically demanding. The Iea;t stable
Mezlm H4 is toward the halides. FdR1, the greater upfield ~ conformer,R4, also has a HH arrangement of the nitrogen
shift of 2-Me compared to that of is caused by the larger I|gands,_but in this case the 2-Me groups point toward the
shielding by MeBzm, which has both five- and six-membered M&0 ligands. The HT arrangements Bl andR3 are of
rings causing shielding. The proximity of the 2-Me to arie comparable intermediate stability.

halide, which inR1 andR2 of 1 modulated the upfield shift of ~ For the mixed-ligand complex, two rotamers are present
2-Me, may also have a modulating effect here, but this is I a 5:1 ratio. NMR spectra indicate sl_ow rotation of the 1.2-
difficult to assess. The H4 signal of 1,2-Me in R2 is shifted Mezlm ligand, while the bulkier MgBzm ligand remains static.

upfield due to the shielding effects of M&zm. The populations of the two rotamers are governed by steric
NOESs present in the ROESY spectrum are consistent with influences of the 1,2-Mg¢m methyl groups. Due to steric and

R1HT andR2 HH conformations (Chart 5). IR1 2-Me “a” electrostatic influences, th_e Mzeznj ligand remains static.

is close to both B4H “b” and B2H “b”. H4 “a”, in contrast, is In the case ofl, an interesting dynamic system was

far from B2H “b” but close to the MgO ligands. As expected discoye_red, in whiqh the rotation of ligands “a” and “b” follows

for R1, NOEs are present between 2-Me “a” and B4H and B2H & definite succession pattern: HF HH = HT = HH (R1,

of ligand “b”, while no NOE is evident between H4 “a” and R2 R3, andR4, respectively). 1,2-Mgm “a” is in the most

B2H “b”. The H4 “a” signal has cross-peaks to three @ hindered position and can.fllp back and forth only when the

signals, 3.47, 3.01, and 3.73 ppm, of ligands “c” and “d”. In 2-Me group ofligand “b” points away from 1,2-Men “a” (i.e.

R2, H4 “a” is close to B2H “b”; 2-Me “a” is far from B2H toward the chloride ligands). Consequeniy, andR4 cannot

“b”. ROESY data reveal a weak NOE between the signals of interconvert because of the orientation of 1,2,Me“b”. Thus,

H4 “a” and B2H “b”. Other features consistent with tRe in this study directed at understanding mutual interactions of

rotamer are as follows: no NOE present between 2-Me “a” and heterocyclic ligands, we have discovered a simple molecular

B2H “b”; an extremely weak NOE between 2-Me “a” and B4H switching device. Of course, we have no way of controlling

“b™; and an NOE between 2-Me “a” and the signal at 3.67 ppm, the _switgh. It_ is conce_ivable_ that related systems could be

a signal from the methyl group of M8O “d". devised in whlg:h the orientations are controlleq elthgr photo-
For both1 and3, it is clear that having the 2-Me group of O ele_ctrochemlcally. For exa_mple, since the onenta_ltlon_see_ms

the 1,2-Melm pointing away from the MgSO ligands is to be influenced by electrostatic at@racnon,achange in oxidation

favorable, and the conformers that minimize the steric interaction State of the metal or (better) the ligand could be one means of

between the 2-Me and the M8 ligands are favored regardless controlling the switch.
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