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Table IIIA. Atomic Positional Parameters for 3¢

atom x y z
Rh(3) 0.10808 (4) 0.44528 (4) 0.29666 (2)
Br(1) 0.15686 (5) 0.32874 (5) 0.39598 (3)
Br(2) 0.28032 (5) 0.26288 (6) 0.18850 (4)
P(1) -0.00997 (13) 0.34912 (13) 0.23514 (8)
P(2) 0.47492 (14) 0.01962 (14) 0.28169 (9)
C( -0.0097 (6) 0.6248 (5) 0.3893 (3)
C(2) 0.1356 (6) 0.5829 (6) 0.3986 (4)
B(4) —-0.0380 (6) 0.6157 (6) 0.2891 (4)
B(S) -0.0772 (8) 0.7591 (7) 0.3747 (5)
B(6) 0.0300 (8) 0.7374 (7) 0.4451 (S5)
B(7) 0.2183(7) 0.5399 () 0.3107 (5)
B(8) 0.1088 (6) 0.5638 (6) 0.2365 (4
B(9) —-0.0047 (7) 0.7261 (7) 0.2799 (5)
B(10) 0.0353 (8) 0.8006 (7) 0.3745 (5)
B(11) 0.1699 (%) 0.6886 (8) 0.3951 (6)
B(12) 0.1530 (8) 0.6791 (8) 0.2934 (5)
H®P2) 0.3672 (54) 0.1037 (53) 0.2673 (33)
H(1) —0.0486 (55) 0.6139 (55) 0.4237 (35)
H(2) 0.1633 (55) 0.5478 (55) 0.4354 (35)
H(4) —-0.1129 (54) 0.6084 (52) 0.2616 (33)
H(5) —0.1691 (54) 0.8178 (54) 0.3955 (33)
H(6) 0.0014 (51) 0.7787 (52) 0.5098 (34)
H) 0.3099 (56) 0.4926 (52) 0.3094 (33)
H(8) 0.1490 (49) 0.5185 (50) 0.1621 (33)
H(9) -0.0510(52) 0.7733 (52) 0.2406 (33)
H(10) 0.0244 (51) 0.8903 (55) 0.3994 (33)
H(11) 0.2346 (53) 0.7046 (52) 0.4290 (34)
H(12) 0.2122 (53) 0.6942 (52) 0.2653 (33)

@ Units of each esd, in parentheses, are those of the least-signifi-
cant digit of the corresponding parameter.

less than 3 times their standard deviations were considered to be
unobserved and were omitted from subsequent calculations.
Solution and Refinement of the Structure. The coordinates of the
rhodium atom and two bromine atoms were determined by solution
of a three-dimensional Patterson map, and a subsequent Fourier
summation resulted in the location of all non-hydrogen atoms. The
six phenyl groups and the benzene solvate were described as rigid Cg4

Notes

hexagons with C—C = 1.39 and C-H = 1.0 A. The 11 hydrogen atoms
of the C,BgH,; cage and the remaining hydrogen atom of the cation
were located on difference maps. After several cycles of full-matrix
least-squares refinement, with anisotropic thermal parameters for Rh,
Br, P, and the cage C,B, atoms and isotropic thermal parameters for
the remaining atoms, convergence was reached with R** = 0.046 and
R, = 0.054. The refinement included positional and anisotropic
thermal parameters for Rh, P, Br, and the C,By cage, positional and
isotropic thermal parameters for the hydrogen atom of the cation,
group and carbon isotropic thermal parameters for the phenyl groups
and benzene molecules, and positional parameters for the remaining
nongroup hydrogen atoms (Table IIIA). For the latter hydrogen
atoms, B was set at 1.0 + B of the carbon atom to which the hydrogen
atom is attached. The “goodness of fit” was 1.576, defined as [ w(|F,|
—|F?/ (N, — N)]'/2, with N, (number of observations) = 6054 and
N, (number of variables) = 275. On a final difference map, the highest
peak is 0.5 ¢/A®. There are six such peaks, all within 1 A of PPh,
or HPPh,*.

Scattering factors for Rh, Br, P, C, and B were taken from ref 25
and for H from Stewart, Davidson, and Simpson.?* Real and im-
aginary terms for anomalous scattering were taken from ref 25. The
function 3 w||F,| — |F,||* was minimized in the refinement.

The final observed and calculated structure factors are available
as supplementary material.
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We wish to report here the X-ray crystallographic study of
(n’-pentamethylcyclopentadienyl)(trifluoromethane-
sulfonato)iron(II) dicarbonyl (1), the first transition-metal
triflate to be so characterized.

Although a wide range of organometallic complexes con-
taining sulfur-oxygen ligands has been reported in recent
years,! a relatively small number of sulfonato complexes of

*The University of North Carolina.
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transition metals has been described.2® Much of the interest
in these complexes stems from the behavior of the sulfonate
group, which has the capacity to function as a mono-, di-, or
tridentate ligand and to vary its mode of bonding. Thus, in
(CO)sRe(OSO,R) (R = CH;, C¢H,, p-CH,C¢H,),* normal
monodentate coordination appears to be observed. Multi-
dentate behavior is observed with titanium in (TiCl,(OSO,-
CF,),),? and (TiCl;(0OSO,CF;)),.2

(1) Poffenberger, C. A.; Wojcicki, A. Inorg. Chem. 1980, 19, 3795 and
references therein.

(2) Dalziel, J. R.; Klett, R. D.; Yeats, P. A.; Aubke, F. Can. J. Chem. 1973,
52, 239.

(3) (a) Trogler, W. E. J. Am. Chem. Soc. 1979, 101, 6459. (b) Stuhl, L.
S.; Muetterties, E. L. Inorg. Chem. 1978, 17, 2148,

(4) Lindner, E.; Grimmer, R. Chem. Ber. 1971, 104, 544.

(5) Byington, A. R.; Bull, W. E. Inorg. Chim. Acta 1974, 21, 239.

(6) Dixon, N. E.; Jackson, W. G.; Lancaster, M. J.; Lawrance, G. A.;
Sargeson, A. M. Inorg. Chem. 1981, 20, 470.
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Figure 1. ORTEP view of 1 showing the atomic labeling scheme.
Non-hydrogen atoms are represented by 30% probability thermal
ellipsoids. Hydrogen atoms are omitted for clarity.

Complexes containing trifluoromethanesulfonate (OSO,CF;,
triflate) ligands show a special propensity to ionize easily.
Sargeson et al. have reported that the (triflato)cobalt(IIT)
ammine complex [Co(NH;)s(OSO,CF;)]?* undergoes very
rapid and efficient substitution to form a wide range of com-
plexes.® Facile substitution reactions of the “nearly coordi-
natively unsaturated” Mn(CO)s(OSO,CF;)* also occur. In
this system, the triflate ligand was proposed to be only nom-
inally coordinated to manganese. These reactions parallel the
ability of triflate to function as a good leaving group in nu-
cleophilic substitution reactions at carbon in organic com-
pounds.’

Results and Discussion

The crystal structure consists of monomeric [53-Cs-
(CH,)5](CO),FeOSO,CF,; units that are well separated from
each other. A view of the complex is given in Figure 1.
Selected bond distances and angles are listed in Table I.

The coordination geometry about the iron atom is roughly
octahedral with the pentamethylcyciopentadienyl group (Cp”)
occupying three ligand sites and the carbonyl and triflate
ligands positioned in the other three sites.

The bond distances and angles involving the carbonyl ligands
are comparable to values reported for related systems.®® The
Fe—Cp’ bond distances in 1 range from 2.069 (5) to 2.108 (5)
A, with an average Fe-C,,, distance of 2.090 (15) A, and are
similar to those found in [n°-Cs(CH,);]-
(CO),FeSO,CH,CH=CH(Ph) (average 2.115 (16) A)® and
in [#°-C5(CH,)s],Fe (average 2.050 (2) A).1° In 1, the C-C
bond distances and angles in the pentamethylcyclopentadienyl
ligand are normal. The ring carbons are nearly planar, with
no atom deviating from the plane by more than 0.023 (6) A.

Although the triflate group is an ambidentate ligand that
can act as a bridging group, in 1 it is coordinated in a mon-
odentate fashion by an oxygen linkage. Whereas no structural
data on transition-metal-coordinated triflate ligands are
available, there are several reports concerning the structure

(7) (a) Hendrickson, J. B,; Sternbach, D. D.; Bair, K. W. Acc. Chem. Res.
1977, 10, 306. (b) Howells, R. D.; McCown, J. D. Chem. Rev. 1977,
77, 69. (c) Hansen, R. L. J. Org. Chem. 1968, 30, 4322. (d) Streit-
wieser, A., Jr.; Wilkins, C. L.; Keilman, E. J. Am. Chem. Soc. 1968,
90, 1598. (e) MunSu, T.; Sliwiski, W. F.; Schleyer, P. v. R. Ibid. 1969,
91, 5386.

(8) Churchill, M. R.; Wormald, J. Inorg. Chem. 1971, 10, 572.

(9) Churchill, M. R.; Wormald, J. J. Am. Chem. Soc. 1971, 93, 354. (b)
Goddard, R.; Howard, J.; Woodward, P. J. Chem. Soc., Dalton Trans.
1974, 2025. (c) Redhouse, A. D. Ibid. 1974, 1106.

(10) Freyberg, D. P.; Robbins, J. L.; Raymond, K. N.; Smart, J. C. J. Am.
Chem. Soc. 1979, 101, 892.

Notes

Table I. Selected Bond Distances (A) and Bond Angles (deg) in
[n®-C4(CH,)s1(CO),Fe0SO,CF, (1)

A. Bond Distances

Fe-C(1) 2.069 (5) Fe-C(5) 2.108 (5)
Fe~-C(2) 2.085 (5) Fe-C(11) 1.750 (6)
Fe-C(3) 2.086 (5) Fe-C(12) 1.765 (7)
Fe-C(4) 2.101 (4) Fe-0(3) 2.007 (3)
O(1)-C(11) 1.159 (9) S-C(13) 1.805 (6)
0(2)-C(12) 1.154 (10) C(13)-F(1) 1.309 (6)
S-0(3) 1.454 (3) C(13)-F(2) 1.303 (7)
S-0(4) 1.406 (4) C(13)-F(3) 1.323 (10)
S-0(5) 1.414 (4)
B. Bond Angles
Fe-C(11)-0(1) 175.9(4) C(11)-Fe-C(12) 92.5(3)
Fe-C(12)-0(2) 175.8(5) C(12)-Fe-0(3) 97.0 (2)
Fe-0O(3)-S 133.2 (2) O(3)-Fe-C(11) 96.8 (2)
0(3)-S-0(5) 1123 (2) S-C(13)-F(1) 111.6 (5)
0(3)-8-0(4) 113.9 (2) S-C(13)-F(2) 111.5 (5)
0(4)-8-0(5) 117.7 (2) S-C(13)-F(3) 111.5 (5)
0(5)-S-C(13) 103.7 (3) F(1)-C(13)-F(2) 107.6 (6)
0(4)-S-C(13) 104.9 (3) F(@Q)-C(13)-F(3) 107.3 (6)
0(3)-S-C(13) 102.1 (3) F(1)-C(13)-F(3) 107.2(6)

of the uncoordinated triflate anion.!! A comparison of these
data to the results obtained for 1 indicates that the structure
of the triflate group is relatively unchanged by metal coor-
dination. Overall, the triflate ligand assumes a staggered
conformation around the S—C bond. The average C-F bond
length in 1 of 1.311 (10) A is close to the values found in the
free anion,!! and the S—C bond distance of 1.805 (6) A com-
pares well with the distances found in the anion'! as well as
with the value of 1.817 (5) A expected for a S-C bond.!? The
repulsions between the oxygen atoms in 1 are apparently
greater than those between oxygen and the trifluoromethyl
group. Consequently, the O-S-O and F-S-O angles are
greater than 109.5° while the C-S-0O and F—-C-F angles are
less than 109.5°. These differences have also been observed
in the free anion.!' In the triflate anion the three sulfur—
oxygen bond lengths are relatively short and essentially equal
(average 1.43 A), denoting an equivalent degree of multiple
bonding in each of the sulfur-oxygen bonds. In the coordi-
nated structure, 1, only a slight difference is seen. The bond
distances from the tetrahedral sulfur atom to the terminal
oxygens, O(4) and O(5), are 1.406 (4) and 1.414 (4) A, re-
spectively, while the distance from sulfur to the linking oxygen,
O(3), is longer at 1.454 (3) A. The short S-O(4) and S-O(5)
bond lengths are indicative of multiple bonding (d,-p,) be-
tween sulfur and the terminal oxygen atoms's and are within
the range expected for SO bonds.!!"'* The S-O(3) bond
distance is shorter than the S—O single-bond lengths reported
for organic tosylates such as 2!2 and other related structures
where the S-O(3) bond is largely covalent in nature. The
relatively short S-O(3) bond distance of 1.454 (3) A in 1 also
indicates substantial multiple bonding in the S-O(3) bond.
Overall, therefore, the S—O bonding in the coordinated triflate

(11) (a) Cragel, J., Jr; Pett, V. B,; Glick, M. D.; DeSimone, R. E. Inorg.
Chem. 1978, 17, 2885, (b) Deacon, G. B,; Raston, C. L.; Tunaley, C,;
White, A. H. J. Aust. Chem. 1979, 32, 2195. (c) DeSimone, R. E;
Glick, M. D. Inorg. Chem. 1978, 17, 3574. (d) Peng, S.-M; Ibers, J.
A.; Millar, M.; Holm, R. H. J. Am. Chem. Soc. 1976, 98, 8037.

(12) (a) James, V. J.; McConnell, J. F. Tetrahedron 1971, 27, 5475. (b)
Johnson, P. L.; Cheer, C. J.; Shaeffer, J. P.; James, V. J.; Moore, F. H.
Ibid. 1978, 28, 2993.

(13) McConnel, J. F.; Angyel, S. J.; Stevens, J. D. J. Chem. Soc., Perkin
Trans. 2 1972, 2039.

(14) (a) Enkelmann, V. Acta Crystallogr., Sect. B 1977, B33, 2842, (b)
Johnson, P, L.; Schaeffer, J. P.; James, V. J.; McConnell, J. F. Tetra-
hedron 1972, 28, 2901. (c) Meyers, M.; Trueblood, K. N. Acta Crys-
tallogr., Sect. B 1969, B25, 2588. (d) Churchill, M. R.; Wormald, J;
Ross, D. A.; Thomasson, J. E.; Wojcicki, A. J. Am. Chem. Soc. 1970,
92, 1795. (e) Wilson, S. R.; Wilson, R. B.; Shoemaker, A. L.; Wool-
ridge, K. R. H.; Hodgson, D. J. Ibid. 1982, 104, 259.

(15) Cruickshank, D. W. J. J. Chem. Soc. 1961, 5486.
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R=H: S-0=157(1) A;5=0=1.43(1),144 (1) A
R=¢Bu: S-0=1.561(2) A;S=0=1.426(2),1.427 (2) A

ligand strongly resembles, but is not identical with, the bonding
arrangement in the free anion.

The Fe—O(3) bond length of 2.007 (3) A is a normal value
for an iron—oxygen single bond and agrees well with the Fe-O

distance of 2.004 (10) A reported for (n*-CHCHCH,)Fe-

(CO);[OS(OBF;)]'¢ and the bond length of 1.957 (2) A ob-
served in (n°-CsH;)(CO),Fe(O,CH).!” Thus, the Fe-O(3)
bond distance in 1 gives no evidence that the triflate ligand
is only weakly associated with the metal; rather, it indicates
a relatively strong interaction between the iron atom and the
triflate ligand. This is borne out by a mass spectroscopic
analysis of 1, which resulted in only the formation of the
molecular ion M™, not the Cp’(CO),Fe* cation, in contrast
to the case of other organometallic salts.!®

The normal Fe-O(3) bond length coupled with the obser-
vation that the coordinated triflate is relatively undistorted
from the free anion suggests that the iron—triflate interaction
is a moderately strong one but is predominantly ionic in nature.
These solid-state results suggest that, even though metal-
triflate complexes may be highly labile, the electrostatic in-
teraction between the triflate anion and the metal cation may
be substantial. Thus, implications concerning solution-state
structures based solely on the lability of such complexes should
be made cautiously.

Experimental Section

Synthesis of [#’-Cs(CH;);}(C0),Fe0S0,CF; (1). Complex 1 was
obtained from the decomposition of [CsMes(CO),Fe=
CHCH 1 (0OSO,CF;)~. [CsMe;](CO),FeCH(C¢Hs)OCH,' (0.16
g2, 0.43 mmol) dissolved in 17 mL of 2,2,4-trimethylpentane was treated
at 0 °C with Me,;SiOSO,CF; (0.115 g, 0.52 mmol) in an equal volume
of the same solvent. Precipitation of a tarry, deep red solid occurred.
The supernatant was decanted under N, and the solid washed with
additional solvent and then redissolved in 8 mL of anhydrous ether.
The resulting clear, deep red ether solution was concentrated under
nitrogen until red crystals began to precipitate. After the mixture
was cooled by stages to —78 °C, the supernatant liquid was decanted
and the deep red, air-stable crystals of 1 were pumped free of solvent
(0.10 g, 50% yield).? IR (CH,Cl,): 2040, 1998, cm™!. 'H NMR
(CD,Cl,): 61.70 (s). Molecular ion peak: m/e 396 (field desorption
MS). Anal. Calcd for C)3H,sOsF,SFe: C, 39.41; H, 3.82; S, 8.09;
Fe, 14.10. Found: C, 39.15; H, 3.76; S, 7.84; Fe, 13.92.

X-ray Data Collection and Reduction. Diffraction data were
collected at 20 °C on an Enraf-Nonius CAD-4 automated diffrac-
tometer using a graphite monochromator. Crystal data and data
collection parameters are listed in Table II.

A total of 4328 reflections were collected, and the data were
processed in the usual manner,?! using a value of 0.01 for p in the

(16) Churchill, M. R.; Wormald, J. Inorg. Chem. 1970, 9, 2430.

(17) Darensbourg, D. J.; Day, C. S.; Fischer, M. B. Inorg. Chem. 1981, 20,
3577.

(18) Henis, N. B. H.; Lamanna, W.; Humphrey, M. B.; Bursey, M. M.;
Brookhart, M. S. Inorg. Chim. Acta 1981, 54, L11.

(19) This compound was obtained by methylation of CsMes(CO),FeCOCH;
followed by hydride reduction using procedures previously reported:
Brookhart, M.; Tucker, J. R.; Husk, G. R. J. Am. Chem. Soc. 1983,
105, 258.

(20) A more general route to triflate complexes of the type Cp-
(CO),FeOSO,CF; and Cp/(CO),FeOSO,CF; involves cleavage of alkyl
derivatives with triflic acid in CH,Cl;: Humphrey, M. B.; Williams,
G. O., unpublished results.

(21) The programs used during data collection and reduction were supplied
by Enraf-Nonius. All programs used for structure solution and re-
finement were part of the Structure Determination Package (SDP)
provided by B. Frenz through Enraf-Nonius.
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Table II. Crystal and Data Collection Parameters for
[n%-C4(CH,), ](CO),Fe0S0,CF, (1)

cryst dimens 0.15 X0.25 X0.55 mm

caled density 1.57gem™
cryst system orthorhombic
space group Pbca, D},

k=2n + 1 for Okl
I=2n+ 1 for A0l
h=2n+ 1 for hk0
molecules/unit cell 8

cell constants 2=14.350 (3) A
b=27304 (9) A

systematic absences

c=8.5333)A
cell vol 3346.3 A®
linear abs coeff, u 10.9 cm™!

range of transmission factors 0.910-1.000 (0.976 av)

radiation Mo Ka (A=0.71069 A)

takeoff angle 2.6°

reflens measd +h,+k, +l

scan mode w~26

scan width (A+Btang)’;4=1.1,8=035
scan range 3°< 26 < 55°

10° min™!

25% of scan width

prescan rate
bkgd scan width

scan rate variable (1.25-10° min™*)
total reflcns 4338
reflens with I > 3o(l) 1442

Table III. Final Positional Parameters® for
[n*-C5(CH,)4](C0O),Fe0SO,CF,

atom x ¥y z

Fe 0.03012 (6) 0.10725 (3) 0.1860 (1)
S -0.0912 (1) 0.12762 (6) -0.1198 (2)
F(1) -0.1818 (3) 0.2027 (2) —0.2252 (6)
F(2) -0.1129 (4) 0.2153 (2) —-0.0106 (6)
F(3) -0.0354 4) 0.2124 (1) ~0.2214 (6)
0(1) -0.0734 (4) 0.0159 (2) 0.2053 (8)
02) -0.1132 (3) 0.1638 (2) 0.3477 (6)
0(3) —0.0033 (3) 0.1252 (2) -0.0350 (5)
04) -0.1687 (3) 0.1125 (2) —-0.0313 (6)
0(5) -0.0833 (3) 0.1098 (2) —-0.2749 (5)
C) 0.1251 (4) 0.0875 (2) 0.3571 (7)
C(2) 0.1265 (4) 0.1384 (2) 0.3395 (8)
C(3) 0.1508 4) 0.1498 (2) 0.1836 (8)
C4) 0.1691 (4) 0.1050 (2) 0.1088 (7)
C(5) 0.1551 4) 0.0677 (2) 0.2153 (7)
C(6) 0.1116 (6) 0.0595 (3) 0.5074 (9)
(7 0.1091 (6) 0.1746 (3) 0.4704 (11)
C(8) 0.1606 (6) 0.1998 (3) 0.1172 (12)
C9) 0.2002 (5) 0.0992 4) -0.0562 (9)
co) 0.1728 (6) 0.0147 (3) 0.1896 (12)
C(11) —0.0346 (5) 0.0530 (2) 0.1940 (9)
C(12) -0.0588 4) 0.1412 (3) 0.2791 (9)
C(13) -0.1064 (5) 0.1928 (3) -0.1450 (9)

% x, y, and z are fractional coordinates. Estimated standard
deviations in parentheses.

estimation of the standard deviations. The intensities were corrected
for Lorentz—polarization effects and for absorption by using an em-
pirical correction based on y scans.

Structure Solution and Refinement. The solution and refinement
of the structure were carried out on a PDP-11 computer using pro-
grams supplied by Enraf-Nonius.2! Atomic scattering factors were
taken from Cromer and Waber,2* and the anomalous dispersion
factors Af” and Af” were taken from Cromer,??

The position of the iron atom was deduced from a Patterson map.
Subsequent calculations of difference Fourier maps allowed the
positions of the other non-hydrogen atoms to be determined.
Least-squares refinement of these positions with isotropic temperature
factors resulted in R = X ||F| — |F||/XZ|F,} = 0.110 and R, =
[SwW(|Fo| — |Fo)2/ZwF,2]'/? = 0.111. The hydrogens were placed
at calculated positions?® with isotropic temperature factors and were

(22) Cromer, D. T.; Waber, J. T. “International Tables for X-ray
Crystallography”; Ibers, J. A., Hamilton, W. C., Eds.; Kynoch Press:
Birmingham, England, 1974; Vol. IV: (a) Table 2.2A; (b) Table 2.3.1.
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not refined. Refinement of the non-hydrogen atoms with anisotropic
temperature factors led to R = 0.049 and R,, = 0.042. The final cycle
of least-squares refinement contained 1442 observations and 208
variables, and a final difference Fourier map showed no feature greater
than 0.16 ¢ A=, The atomic positional parameters obtained from
the final least-squares cycle along with their estimated standard
deviations are given in Table III.
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(23) Positions were calculated from d(C-H) = 0.95 A with the program
HYDRO.
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The ruthenium chemistry of unsaturated nitrogenous
ligands—2,2’-bipyridine (bpy) being the prototype~—has de-
veloped rapidly! in recent times primarily due to the relevance
of this chemistry to photophysical, photochemical, and redox
phenomena. In comparison to this the progress in the corre-
sponding chemistry of osmium has been very slow.> Indi-
cations are strong, however, that this area also abounds in
fascinating spectroscopic and electron-transfer phenomena.®
With this background and in logical continuation to our
program!® on the chemistry of ruthenium, we have initiated
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research on osmium chelates of certain classes of unsaturated
nitrogenous ligands. In this first report we describe the syn-
thesis, spectra, and redox properties of the osmium(II) com-
plexes OsX,L, (1), where X = Cl and Br and L is 2-(phe-
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nylazo)pyridine (R = H; pap) and 2-(m-tolylazo)pyridine (R
= Me; tap). The ruthenium chemistry of L has developed to
a considerable extent!®!# during the last few years, but nothing
is known about the corresponding osmium chemistry.

Results and Discussion

Synthesis. The reaction of L with (Et,N),0sX; in 2-
methoxyethanol
OsX¢¥ + 2L — OsX,L,; + 4X- (1)

proceeds slowly but smoothly. When the reaction mixture is
concentrated and cooled, dark-colored crystals of composition
OsX,L, (isomer A) result in about 70% yield. Isomeric purity
was tested by 'H NMR (see below) and TLC on silica gel
using 1:1 benzene~dichloromethane as developer. From the
mother liquor another isomer (B) of the complex is isolated
(yield 10-15%) in pure form with use of chromatographic
techniques. Even when L is used in excess of 2 mol, only
OsX,L, is isolated from reaction 1; no OsL,?" appears to be
formed.

Isomer A dissolves in common organic solvents (C¢Hg,
CH,Cl,, CH,CN, etc.) to give blue-violet solutions. Solutions
of the isomer B are red-violet. All complexes are diamagnetic
in the crystalline state and are nonelectrolytic in nitromethane
and acetonitrile.

The reduction of osmium from +4 to +2 state in reaction
1 is probably brought about by the alcoholic solvent. The
ruthenium complexes, RuX,L,, similarly arise!! from the
spontaneous reductive (+3 — +2) chelation of RuX; with L
in methanol.

Isomer Characterization. RuX,L, occurs in three isomeric
forms!'%!? designated as trans—trans (¢, 2), trans—cis (zc, 3)
and cis—cis (cc, 4) on the basis of the relative positions within
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the pairs N!,N! and N?,N2, The structures of the zc and cc
isomers of RuCl,(pap), are accurately known from three-
dimensional X-ray work.!%!2 The IR spectra of the three
isomers differ significantly in the region 4000-300 cm™.
The vibration spectra of the isomer A of OsCl,(pap), and
te-RuCly(pap), (3) are nearly superposable in the above region
except for frequency shifts particularly in the yy—y region
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