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ABSTRACT 

The coordination chemistry of chromium, iron, and osmium with bis-hydroA."),.

benzamido chelating ligands was investigated. Two types of complexes were ob

tained on reacting CrC13 ·6H2 0 with 1,2-bis(3,5-dichloro-2-hydroxybenzan1ido )

ethane ((H) 4 CHBA-Et ). A neutral dimeric complex, in which two chelates bridge 

two metal centers, was discovered and characterized by X-ray crystallography. 

This is the first molecule in which both forms of monodentate organic amide co

ordination (i.e., 0-bound and N- bound coordination) have been found. The N

bound amide was shown to be a better u-donor. This is the first well-chara.cterized 

example of N -coordination to chr<:>mium(III). 

A second complex, which is a precursor to the neutral dimer, has not been 

fully characterized. It may also be dimeric. Similar complexes, with different bis

hydroxybenzamido ligands, have been examined. Iron(III) species, synthesized 

from these ligands and FeC13 , appear to be analogous to the latter chromiu1n(III) 

compounds. 

X-ray crystallographic studies have complemented investigations into the 

coordination chemistry of these bis-hydroxybenzamido ligands with several tran

sition metals. In addition to the dimeric chromiun1(III) con1plex, in w hieh the 

ligand bridges two metal centers, many osmium(IV) complexes were found with 

the bis-hydroxybenzamido ligands coordinated to one metal center as a planar 

tetradentate tetraanion. These structures exhibited the first examples of bonds 

between osmiutn(IV) and an N -coordinated organic amide ligand and a phenox

ide ligand. One such complex, a p-oxo dimer, was found with potassium ions in 

unusually low coordination environments (i.e., four- and five-coordinate). Ox

idation of trans-Os( CHB.1\-Et )(py h subsequently resulted in crystals of a new 

con1plex with a hydroxy and a methoxy group on the ethylene unit bridging the 

amide nitrogen atoms of the chelated ligand. The bond distances and angles 

for this molecule are very similar to those of its precursor, trans-Os( CHBA

Et )(py)2. The ligand, (H) 4 CHBA-Et, was found to co crystallize with pyridinium 
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chloride. This structure has provided a benchmark for comparison with com

plexed chelates; few significant differences were observed. 

The fusion of 2,3-bis(2-hydroxy-benzamido )-2,3-butane with (NH4 )2 OsC16 

(T>300°C) resulted in the formation of an os1niun1(IV)-imidazoline con1plex. 

Also examined was the organometallic chemistry of osmium tetraoxide. Ox

idation of low valent carbonyl complexes with the quinuclidine adduct of osmium 

tetraoxide resulted in attack of both the low valent metal and a carbonyl ligand 

with the formation of 11-C02 mixed-valent complexes. The surprising stability of 

this new type of C02 con1plex is kinetic in origin as den1onstrated by the chenl

istry of a series of co1npounds. Dec01nposition with loss of C02 was observed 

for more labile metal complexes. In the absence of nitrogenous bases, oxidation 

of Ru (CO )3 (PPh3 )2 with osmium tetraoxide resulted in the formation of what 

is believed to be a tetranuclear complex. The low valent 1netal center and a 

coordinated carbonyl ligand were oxidized. 

One other mode of reactivity was discovered. Oxidative addition of osmiun1 

tetraoxide to Pt(PPh3 )2 (C2 H4 ) displaced the ethylene ligand with the formation 

of a 11-oxo bridged tetranuclear complex. These and. other potential modes of 

Os04 reactivity with organometallic and inorganic complexes are discussed. 
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Chapter 1 

Studies on the Coordination of Bis-hydroxybenzamido 

Chelating Ligations to Chromium, Iron, and Osmium. 
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Introduction 

Studies on the oxidation of organic and inorganic compounds have been 

an area of considerable interest since the nineteenth century.1 Today, oxidation 

chemistry encompasses a wide spectrum of research ranging from electrochen1-

istry and redox reactions of metal ions to stoichiometric and catalytic oxidative 

transformations of organic functional groups. Our work has focused on two as

pects of oxidation chemistry: 

• investigating ligand systen1s that have the potential to stabilize transition 
metals in the higher oxidation states, to ultimately design improved oxidants 
for organic synthesis, and 

• characterizing the reactivity of classical oxidants, such as os1nium tetraoxide, 
with low valent organometallic complexes. 

The development of new oxidants for organic synthesis and the modifica

tion of known reagents has traditionally been a rather empirical process clue to 

the complex nature of most metal-based organic oxidations.2 However, at our 

present level of understanding other strategies are possible. In n1any Inetal

oxidant /organic-substrate syste1ns, the participation of 111ore than one active 

species in the overall oxidation has been documented.s This generally results 

in poor chemoselectivity due to the differing reactivity of each active oxidant. 

The challenge is to learn how to control these specific reactions - to be able to 

transfor1n multicomponent oxidations into single component oxidations, which 

are usually very chemoselective.4 

The oxidation of secondary alcohols with chron1ic acid is a well-studied 

example.5 The mechanism of this reaction is now thought to involve four n1ain 

stages: 

Cr(VI) + R 2 CHOH ---+ Cr(IV) + R 2 CO 

2Cr(IV) + 2R2 CHOH ---+ 2Cr(III) + 2[R2 COH]• 

2Cr(VI) + 2[R 2 COHt ---+ 2Cr(Y) + 2R 2 CO 

2Cr(V) ---+ Cr(VI) + Cr(IV) 

( St.age 1) 

(Stage 2) 

(StagP. 3) 

(Stage 4). 
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Here the initial reaction (Stage 1) is complicated by the additional reactivity of 

a transient chron1ium(IV) species. The organic radicals formed in Stage 2 of this 

oxidation often undergo rearrangen1ent reactions. Thus, when these rearrange

ments are faster that oxidation of the radical species, additional products are 

observed. As predicted by the stoichiometry, up to 66% of the alcohol can bP 

converted into products other than the ketone. 

The effect of multicotnponent oxidants on the chen1oselectivity was illus

trated by a classic study. To probe the multicomponent nature of the chromiun1(YI) 

oxidation of secondary alcohols, Rocek carried out several experiments with cy

clobutanol and phenyl-t-butylcarbinol in which he wa'3 able to quench either the 

oxidations by chr01nium(IV) or by chromium(VI). Under the usual conditions, 

the chromic acid oxidations of these alcohols resulted in the formation of several 

products, cyclobutanone and 4-hydroxybutanal or pivalophenone, benzaldehyde , 

and t-butanol, respectively. 

+ BOC~C~C~CHO (1) 

OH ll -
Ph~ + Cr02 (0H)2 -Ph/~ + PhCHO + >r-OH (2) 

Addition of vanadyl perchlorate, which has been shown to rapidly reduce chronl

ium(VI) to chromium(V) and (more slowly) chromium(V) to chromium(IV) ,6 

allowed the organic oxidation to occur solely with chromium(IV); in the chron1ic 

acid/ cyclobutanol system, the only oxidation product isolated was the cleavage 

product, 4-hydrox.·ybutanal. Conversely, addition of cerium{III) to the chromic 

acid/alcohol system quenched the reactivity of chromium(IV) by a rapid dispro

portionation reaction of chromium(IV) to chromium{VI) and chrotnium(III). 7 In 
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the presence of cerium ion phenyl-t-butylcarbinol was oxidized with the forma

tion of only a minimal amount (5%) of the cleavage products, benzaldehyde and 

t-butanol. The lesson from this system is that while the overall oxidations by 

chromic acid exhibit poor selectivity, each chromium component appears to be 

very chemoselective. The multiple products observed, therefore, result from the 

superposition of a number of chemoselective reactions, each producing a specific 

oxidized compound. 

\Ve believe the way to produce chemoselective n1etal-oxo oxidizing agents is 

to design systen1s in which it is possible to control oxidation state changes at the 

metal. Our approach has been to provide a well-defined coordination sphere at 

the transition metal center. To accomplish this goal, studies have been initiated 

utilizing chelating ligands that have the potential to: 

• form high oxidized and highly oxidizing transition metal complexes, and 

• form intermediate oxidation state reduced species, designed to be stable to 
further reduction. 

Shown in Sche1ne 1.1 is a schematic reaction for an oxo transfer oxidation in-

volving the proposed transition n1etal c01nplexes of a tetradentate tetraanion. 

The chelating ligand serves to stabilize the higher valent species by pro·dding a 

coordination sphere of negatively charged contact aton1s and it preserves the in

tegrity of the inorganic compounds due to the chelate effect. The main advantage 

is that the oxidation is limited to one oxidizing species, since the redox reaction s 

are matched , i.e., a straightforward net transfer of two electrons. The suppres

sion of side reactions should lead to improved yields. 4 The possibility exists for 

both stoichiometric reactions or catalytic regeneration of the high valent complex 

using co-oxidants, e.g. , iodosylbenzene,8 which might make reagents of this kind 

attractive for both small-scale and large-scale applications. 

Suitable chelating ligands, i.e. , those that stabilize high valent transition 

metals, are rare. 9 Most known high oxidation state compounds contain hard 

monodentate donors such as p-, Cl-, Br-, o-2 , N-3 , and 022
. New multi

dentate ligands will most likely have to min1ic then1, incorporating hard donor 
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Scheme 1.1. Proposed organic oxo transfer reaction involving potential high 

valent mono-oxo complexes. 



_j 

6 

0 
(f) 

+ 

_J 
+ 

(f) 

+ 

-_j 

-_J 



7 

atoms in the contact positions. Considering the general geometric requirements 

of chelates, the binding sites are therefore limited to oxygen and nitrogen atoms. 

Proposed features for the design of these chelating ligands are outlined below; 

some have been experimentally verified: 

1. High negative charge. - The ligands should be multianionic to counter 
the high positive charge of the metal in the higher oxidation states. 

2. Insensitivity to oxidation. - The ligands must be able to withstand 
the strongly oxidizing conditions to prevent decon1position of the co1nplext-s and 
degradation of the ligand framework. 

3. Superior chelating properties. - The ligands should form favorable 
(five- or six-membered) metallacycles upon chelation and should be resilient to 
hydrolysis. 

4. Coordinative unsaturation. - The complexes should have availabl,, sites 
for chemistry to occur, allowing for prior coordination of the organic substrate 
to the n1etal, if necessary. 

5. Potential for adaptation. - The ligands should be easily 1nodified S·) that 
the oxidizing power of the derivati\'e con1plexes can be attenuated. Incorporation 
of steric bulk or chirality to affect shape selective or asymmetric oxidations should 
also be possible. 

6. Economical syntheses. - To be practical reagents for organic synthesis, 
these ligands should be easily produced from readily available starting materials 
in high yield. 

Several chelating ligand systen1s have been proposed and/ or shown to :;tabi

lize high valent chromiutn, n1anganese and iron; they include porphyr-in an-1 cor

role derivatives and the sal en ligand.* Upon complexation these planar ch elates 

are di- and trianionic and tetradentate. Complexes are known to acconunodate 

the oxo and, in one instance, the nitrido ligand in an axial site (Figure 1.1). The 

sensitivity of these chelating ligands to oxidation is variable. For instance, in the 

absence of oxidizable substrates oxidation of Fe(TPP)Cl and Fe(TTP)C11 with 

iodosylbenzene leads to rapid degradation of the porphyrin. 10 Oxidation of Cr(II) 

and Cr(III) porphyrinato complexes11 yields characterizable Cr(IY) and Cr(Y) 

* salen == N,N~(ethylene)bis(salicylidenilnine). 
t TPP == dian ion of tetraphenylporphyrin; TTP == dianion of tetra- o-tolylpor

phyrin. 
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complexes; however, their catalytic activity with iodosylbenzene in oxidations of 

organic substates (e.g., alkenes) is shortlived. In general, these ligands are not 

well protected fron1 oxidative degradation. 

The characterization of high valent transition metal complexes has been 

difficult. Structures have often been proposed by implication from their re

activity, i.e., studies on the oxidation of alkanes, alkenes, arenes, etc. Such 

characterizations are far from being totally satisfactory. Controversy and un

certainty surround most of these studies due, in part, to limited spectroscopic 

techniques and to the fact that few high valent complexes have been isolated. 

Many of these complexes are stable only at reduced temperature ( -80°C) and/or 

in solution. This is especially true for purported iron(IV)- and iron(V)-oxo 

complexes. (TmTP)FeOOFe(TmTP)t is known to form a new complex, {FeO

(TmTP)(Melm) }x, upon addition of a stoichiometric amount of N-methylimidazole 

(Melm) at -80° C.12 Magnetic susceptibility measurements and its paramagnetic 

behavior suggest it is a monomeric iron(IV)-oxo complex, viz., FeO(TmTP)(~felm), 

but its full acceptance as an oxo complex must await definitive spectroscopic ev

idence. There are examples of well-characterized compounds. A polymeric com

plex, catenar(IJ-OXO) (hemip orphyrazinato )iron (IV), with alternating p.-oxo lig

ands between the iron centers has recently been characterized by X-ray crystallog

raphy.13 Characterized manganese compounds include: Mn(TPP )( OMe )2, {l\fn

(TPP)X}20 (X = N3, OCN-), Mn~(TpMPP), and two as yet not definitively 

characterized complexes incorporating iodosylligands: {Mn(TPP)Y(OIPh)}20 

(Y = Cl-, Br-), and Mn(TPP)(OI(OAc)Ph)2.* 14 

Compounds of high valent chromiun1 have been isolated as well; all are 

oxo compounds. Treatment of Cr(TPP)Cl with iodosylbenzene produces the 

chron1ium(V) compound, CrO(TPP)Cl, which decomposes on standing to Cr

O(TPP); this n1olecule has been structurally characterized. 11 A similar corrole 

:j: TmTP = dianion of meso-tetra-m-tolylporphyrin. 
* TPP = dianion of tetraphenylporphyrin; Tpl\fPP = dianion of p-methoxy

phenylporphyrin. 
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Figure 1.1. Schematically illustrated known high valent complexes. 
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derivative, CrO(tetmc),§ is prepared by eluting the chromium(III) complex over 

silica gel (aerial oxidation) .15 Recently, it was reported that [Cr( sal en ){H2 0 )2]PF 6 

would react with iodosylbenzene producing [CrO(salen)]PF6 , 16 which also has 

been structurally characterized. This complex as well as many of the porphyri

nato complexes have been shown to epoxidize alkenes. 

Our studies have focused on the ligand system derived from 1,2-bis(2-hydroxy

benzamido )ethane and closely related derivatives, which meets many of the re

quirements outlined above. 17 As shown in Figure 1.2, these compounds are po

tentially tetraanionic, tetradentate chelates and upon coordination they form 

five- or six-n1embered chelate rings to the metal. The oxidative sensitiYity of the 

ethylene unit, bridging the two hydrox-ybenzamido moieties (Figure 1.2a,c), was 

recognized at the onset. Howe~er, an argument existed that the tetradentate 

tetraanion would be such a powerful donor that the oxidizing properties of the 

derived complexes would be small. Consequently, it was decided to find out by 

experimentation what kinds of protection to oxidation were indeed necessary. 

The sensitivity of these chelating ligands to oxidation was found to be variable 

depending on the derivatization. The ethylene bridge in the prototype ligand~ 1,2-

bis(3,5-dichloro-2-hydroxybenzamido )ethane ( (H 4 )CHBA-Et, Figure 1.2c), was 

recently identified as a vulnerable site for oxidative degradation. 18 Chemical or 

electrochemical oxidation of trans-Os( 17 4-CHBA-Et ){py )2 resulted in the eventual 

cleavage of the carbon-carbon bond of the ethylene unit. Many intermediates in 

the overall degradation sche1ne were isolated and characterized. In the presence 

of methanol and water, trans-Os( 17 4 -CHBA-Et )(py h was oxidized to an unusual 

compound with a hydroxy and a methoxy group on the ethylene unit (Figure 

1.3). This unwanted reactivity was shown to be easy to block. The ethylene 

bridge was replaced by the n1ore robust dichlorophenylene bridge (Figure 1.2d). 

The phenol rings have routinely been chlorinated to block oxidation at the ortho 

and para positions . However, several initial coordination chemistry studies of lo·w 

§ tetmc = the trianion of 7,8,12,13-tetraethyl-2,3,17,18-tetramethylcorrole. 
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Figure 1.2. Potentially tetraanionic tetradentate planar bis-hydroxybenzamido 

chelates used in these studies. 
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valent metals were performed using unchlorinated derivatives. These investiga

tions have provided a foundation for the development of related transition metal 

systems including an alcohol oxidation catalyst. 18 

An important feature of 1,2-bis(2-hydroxybenzanlido )ethane and its deriYa

tives is the incorporation of the amide functional group into the central binding 

sites. Peptides and related compounds, containing the amide group, have been 

studied as models of metal-protein binding, especially with the late transition 

metals. 19 Interestingly, the +III oxidation state of copper and nickel can be stabi

lized in these systems. Margerum has found that the electrochetnical potential Eo 

of the couple Cuiii ,n decreases as the number of ( N-bound) deprotonated ami des 

coordinated to the metal increases (Table 1.1).20 The Eo values range from 0.98 

V ( vs. NHE) for one deprotonated N-bound amide to 0.55 V for three coordinated 

amide groups. Birker has structurally characterized the stable complex, tetra-n

bu tylammonium o-phenylene-bis(biuretato )cuperate(III) ·chloroform,21 and along 

with Bour and Steggerda has characterized a number of biuret complexes: K[M

(biuret )2] (M = Cu (III) , Ni(III), Co(III)) 22 ; here the coordination is via the 

"amide'' nitrogen atoms. A cobalt(IV) con1plex containing N-bound organic 

amide ligands, trans-Co( q4 -CHBA-DCBz )( 4-t-Bupy h, t has recently been char

acterized by our group.23 The stabilization of the higher oxidation states is ex

pected to be a a general characteristic of N-coordinated amide groups for other 

metals such as chromium, n1anganese, and iron. 

There have been few investigations reported in the literature concerning N

bound coordination of the amide functional group to the earlier transition metals, 

i.e., to the triads of scandiutn to iron. Sigel and Martin believe this is due to the 

failure of these transition metal ions to substitute for the amide hydrogen. 24 Due 

to the high barsicity of the deprotonated amide nitrogen atom in aqueous solution 

(PKa = 15), metal ion hydrolysis often occurs before the amide coordination step. 

However, in some metal/ chela.ting ligand systems , metal ion substitution at an 

t CHBA-DCBz = tetraanion of 1,2-bis(3,5-dichloro-2-hydroxybenzamido )-4,5-
dichlorobenzene. 
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Figure 1.8. ORTEP view of trans-Os( 1} 4-CHBA-Hl\ffit) (py )2. 
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Table 1.1. The dependence of coordinating groups on Eo of Cuii,III couples. 
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Cu (III )-P ept ide pH Eo(v)a 

Cu(H_ 2glycylglycyl-L-histidine) 7.5 0.98 

Cu(H_2triglycine) 7.7 0.92 

Cu (H_ 2 d iglycin amide) ( 0 H) 9.2 0.89 

Cu(H-~triglycinamide) 9.5 0.64 

Cu(H-~tetra.glycine)l- 1 9.3 0.63 

Cu (H_ 4 N-formylt etraglycine) l-2 11.5 0.55 

4 Cu II,III couples are reported vs. NHE and determined by 

cyclic voltan1n1etry with a carbon paste working electrode. 

(CuL]T = 5 x 10- 4 ~1, J1 = 0.11\1 :KaC104 , 25°C. 

Cu(H-2glycylglycyl-L-histidine) 
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amide group is possible when prior coordination of other binding sites allows for 

favorable five- and six-men1bered chelate rings to be formed.* Ions such as Pd2+, 

Cu2+, Ni2 +, and Co2+ generally exhibit pKa values for the peptide hydrogen 

displacement reaction (equation 3) of 2, 4, 8, and 10, respectively. 

M 2+ + R'CONRH ;:::::± H+ + (R'CONR-M]I+ (3) 

According to Sigel and Martin, the pKa values for the earlier transition metal 

ions are prohibitively high. However, few, if any, of these investigations have been 

conducted in organic solvents or under aprotic conditions which may drastically 

affect the observed results. The role of the "chelate effect'' is also an important 

factor, though its influence is hard to define, making comparisons between various 

metal-ligand systems difficult. · 

Exceptions have been found. Compounds of osmium and the ligands 1,2-

bis(3,5-dichloro-2-hydroxybenzamido )ethane and 1,2-bis(3,5-dichloro-2-hydroxy

benzamido )-4,5-dichlorobenzene have been characterized, several by X-ray struc

tural analysis; trans-Os( 77 4-CHBA-Et )(py )2 is shown in Figure 1.4. 18 In all cases 

the osmium is located in the central site bound to the deprotonated phenolic 

oxygen atoms and the deprotonated amide nitrogen atoms. Other reports of 

N-coordination to the earlier transition n1etals have appeared in the literature. 

~fartell proposed that aqueous ferric ion con1plexed to ethylenedian1ine-N,N:.. 

di( acetylglycine )-N,N '-diacetic acid with deprotonation of both amide hydrogen 

atoms at high pH.25 Reinterpretation of the data suggests this is incorrect due to 

the fa~t that a precipitate, probably ferric hydroxide, formed during the titration 

with aqueous sodiun1 hydroxide. Results from a titration of aqueous ferrous ion 

and bleomycin with base, hov,:ever, suggests deprotonation of an amide group 

does occur near pH = 6. 2 6 Most other studies of these early transition met

als with compounds containing the organic amide and related functional groups 

have found only 0-bound complexes such as trans-Cr(biuret)zC12 (Figure 1.5).27 

* N-coordination of organic a.mides has been found only when the amide group 
has been part of a larger multidentate ligand. 
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However, several dimeric chromium(II) complexes in which the bidentate amide 

group bridges the two n1etal centers (Figure 1.6) have been found. 28 

Our interest in developing new oxidants for organic synthesis has inspired 

the initial goals of this project: to investigate the coordination chemistry of 1,2-

bis(3,5-dichloro-2-hydroxybenza.mido )ethane (and other derivatives) with many 

transition metals ( chromiun1, iron, and osmiun1 in this work) and eventually 

explore the oxidation chen1istry of the higher valent con1plexes. In designing 

routes to these compounds we have considered the previous work with chelating 

ligands, described above, and we have looked to other characterized compounds 

of chromium, iron;, and osmium as well. Table 1.2 summarizes most of the known 

compounds involving other ligands which contain carbon and hydrogen for these 

metals in the higher valences. 
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Figure 1.4. ORTEP view of tran9-0s( 17 4 -CHBA-Et)(py h. 
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Figure 1.5. Structure of trans-Cr(biuret )2Cl2 . 
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Figure 1.6. Dimeric chromium(II) bridging amido complexes. 
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Table 1.2. Several high valent chromium, iron, and osmium complexes, involving 

organic frag1nents, that have not been discussed above. 



High valent chromium complexes: 

CrR4 a 

Cr(OR)4 b 

Cr(NR2)4 c 

Cr0(02 CCR2 0)2 d 

Cr02 ( 0-t-Bu )2 e 

Cr02 ( 02 CCH3 )2 1 

28 

Cr02 (OX(C6H5 )3)
2

, X= C, Si, GP, Sn 9 

Cr0(02 )2(py) h 

Cr0(02)z(bpy) i 

High valent iron complexes: 

(Fe( o-C6H4As~fe2 )z ]+2 J 

(Fe( o-C6H4PMe2)z]+2 k 

(Fe(S2:\TCR2 )3]+ 1 l 

(Fe(TPP)Cl]+1 m 

High valent osmium complexes: 

{Os02(02R)}2 n 

Os02 ( 02R.)(py)z n 

Os0(02R)z n 

Os0x(NR)4-x : X= 1, 2, 3 ° 

a I\1owat, ~· .; Shortland, A.; Yagupsky, G.; Hill, N.J.; Yagupsky, M.; \Yilkin
son, G. J. Chem. Soc., Dalton Tran8., 1972, 533; Mowat, \V.; Shortland , 
A.J.; Hill, N.J.; \Vilkinson, G. Ibid., 1978, 770; Kruse, \V. J. Organomet. 
Chem., 1972, ~2, C39. 

b Alyea, E.C.; Basi, J.S.; Bradley, D.C.; Chisholm, M.H. J. Chem. Soc , Sect . 
A , 1971, 772; Dyrkacz, G.; Rocek, J. J. Amer. Chem. Soc., 1978, 95, 4756: 
Boch1nann , l\1.; \\.ilkinson , G.; Young, G.B.; Hursthouse, M.B.; Abdul ~fa
lik, K.M. J. Chem. Soc., Dalton Tran8., 1980, 1863. 

c Basi, J.S.; Bradley, D.C.; Chishohn, l\1.H. J. Chern. Soc., Sect. A, 1971, 
1434. 

d Krumpolc, M.; Ro~ek, J. Inorg. Syn., 1980, 20, 63, and references therein. 

e Sharpless, K.B.; Akashi, K. J. Amer. Chem. Soc., 1975, 97, 5927. 
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f Treibs, \V .; Schmidt , H. Chem. Ber. , 1928, 61 , 459. 

g Lycka, A.; Snobl, D. ; Handlit , K. ; Holecek, J.; Nadvornfk , l\1. Collect. Czech. 
Chem. Commun. , 1981 , ~6, 1383, and references therein. 

h Stromberg, R. Arkiv. for Kemi, 1964, 22, 29. 

Stromberg, R .; Ainalem, I. Acta Chemica Scandinavia, 1968, 22, 1439. 

i Hazeldean , G.S.F. ; Nyholm, R.S.; Parish, R.V. J. Chem. Soc., Sect. A, 1966, 
162. 

k \Varren, L.F., Bennett, M.A. Inorg . Chem., 1976, 15, 3126. 

l Pasek, E.A.; Straub , D.K. Ib£d. , 1972, 11 , 259. 

m Felton, R.H.; Owens , G.S.; Dolphin, D.; Forman, A.; Borg, D .C. ; Fajar , J. 
Ann. N.Y. Acad. Sci., 1973, 206, 504 . 

n Schrc)der, 1\t Ch em . R ev. , 1980, 80, 187, and references therein. 

° Chong~ A.O.; Oshima, K. ; Sharpless, K .B. J. Amer. Chem. Soc. , 1977, gg~ 

3420, and references therein . 
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Results and Discussion 

Synthesis 

The chelating ligands used in this study were all synthesized in moderate 

to high yield from the appropriate dian1ine and the appropriate 2-acetylsalicylic 

acid (Scheme 1.2). The acids were cleanly converted to the corresponding acid 

chlorides using oxalyl chloride and readily forn1ed runides on mb.:.ing with dichloro

nlethane solutions of the diamine. Treatment of the residues with aqueous 

base facilitated cleavage of the acetyl groups; reacidifieation precipitated the 

desired con1pounds from the aqueous solution. \Yhite microcrystalline solids 

were recovered on recrystallization, typically fron1 acetone /water. The complex~ 

1,2-bis(2-hydroxybenzamido)ethane, was easily converted to the tetrachlorinated 

derivative, 1,2-bis(3 , 5-dichloro-2~hydroxybenzamido )ethane, using chlorine gas 

with glacial acetic acid as the solvent. This compound cocrystallized with pyri

dinium chloride and has been structurally characterized by X-ray crystallography. 

The structure has provided a bench1nark for discussion of the structural paran1-

eters of the transition metal complexes of H 4 CHBA-Et and related ligands. (See 

Results and Discussion, X-ray Crystallography.) 

Attempts to complex these potential ligands to chromium were made via 

both high valent species, e.g., Cr08 , Cr02 Cl2 , Na[CrO(OC(O)C(CH3 )20h]~ and 

Cr( O-t-Bu) 4 , and chroinium(III) con1pounds: CrCl3 ·3thf and CrC13 ·6H2 0. Only 

with CrC13 ·GH2 0 were tractable complexes isolable. Coordination con1pounds 

were made with the following chelates: 1,2-bis(2-hydroA-ybenzamido )ethane, 1,2-

bis(3,5-dichloro-2-hydroxybenzamido )ethan e, and 1,2-bis(2-hydroxybenzanlido )

benzene. t 

From a solution of CrC13 ·6H2 0 (1 equiv.) and the bis-hydroxybenzan1ido 

ligand (1 equiv.) , which had been refiuxed over anhydrous sodiun1 carbonate, two 

types of coordination complexes were obtained. ~1icrocrystalline green powders 

(Type I) were collected on immediate addition of a suitable precipitating agent 

t Abbreviated (H) 4 HBA-Et, (H) 4 CHBA-Et, and (H) 4 HBA-oBz, respectiYely. 
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Scheme 1.2. Synthetic route to the bis-hydroxybenzamido ligands used here. 
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and, in one instance, a dimeric crystalline complex (Type II) was obtained from 

a pyridine solution after several weeks. 

Infrared spectra of the Type I co1upounds+ have pronounced bands in the 

3200- 3600 em -I region suggesting the presence of hydrated/ coordinated water 

or hydro:x··yl groups. Infrared bands attributed to the ligand carbonyl stretching 

modes shifted to lower energy by 28-40 cm- 1 . Using resonance argun1ents, both 

N-bound and 0-hound complexes are consistent with this observation (SchenH' 

1.3). The elemental analyses were also in agreement with two formulations -

one with N-bound organic runide groups , chelating to one metal , the other with 

0-bound amide groups, forming a dimeric or polymeric complex- as shown in 

Figure 1. 7a , b. In both cases they are sodium salts. 

Direct evidence for either assignment has not been forthcon1ing . Cation 

exchange has not been successful and attempts to measure the conductivity and 

the molecular weight have been hindered by poor solubility in suitable solvents. 

Attempts to oxidize these complexes by various chemical means,* with hopes of 

obtaining characterizable species with chromium in a higher valency, have also 

been unsuccessful. Indirect argun1ents for the dimericfpolymeric structure can 

be made if the Type II compound is considered. 

This second coordination mode was discovered when an X-ray crystallog

raphic study was undertaken on crystals which had deposited fron1 a pyridine 

solution after several weeks. As shown in Figure 1. 7c, the ligand was found to 

bridge the two chromiun1 centers forn1ing an unusual dimeric cmnplex, coordi

nating via the two deprotonated phenolic oxygen atoms, a deprotonated a1nide 

nitrogen atom, and an amide-carbonyl oxygen atom. {See Results and Discus

sion, X-ray Crystallography.) Since the Type I con1plexes precede the formation 

of neutral dimers , such as { Cr ((H)( CHBA-Et)) (py h }2 , i.e. , in1media.te pr~cip-

:j: Although the characterized complexes were synthesized in other solvents, 
Type I mat erials fron1 pyridine exhibited identical infrared spectra. 

* Oxidants tried were: hydrogen peroxide, m-chloroperbenzoic acid , m eta

sodium periodate, iodosylbenzene, and t-butyl hydroperoxide. 
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Scheme 1.3. Resonance structures for N- and 0-complexed organic amide 

groups. 
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Figure 1. 7. Possible formulations for the Type I compounds and sche1natic 

structure of the Type II chrotnium dimer. 



37 

a 

c 

0 0 j-N~~ 
<::~ ~::r = CI-\Q{OH '~CI 

Cl Cl 



38 

itation rather than extended exposure to pyridine, it is likely that these Type 

I salts are also dimeric or polymeric (Figure 1. 7b ). Had the N-bound complex 

(Figure 1.7a) formed first, it is unlikely that it would react with the solvent, 

pyridine, to dissociate the phenoxide, which would be necessary to form the ob

served Type II dimer. The Type I dimericfpolymeric structure is reasonable, if 

the possible acid-base equilibria are considered. Under basic conditions, three 

fundamental reactions can occur: i) metal hydrolysis (equation 4), ii) phenoxide 

coordination (equation 5 ), and iii) chelate-assisted N-coordination of the organic 

amide (equation 6). 

[M- OH2]n+ ~ 

Mn+ + ArOH ~ 

Mn+ + R'CONRH F=± 

[~-f-OH](n-1)+ + H+ 

[M- OAr] ( n - 1) + + 
[~1-NRCOR') ( n - 1)+ 

H+ 

+ H+ 

(4) 

(5) 

(6) 

As shown in Scheme 1.4, the first chelation step is most likely coordination of 

a phenol (PKa ~ 7- 829 ). Then two plausible reactions could occur: i) the de

protonation and coordination of the second phenol or ii) the chelate assisted 

N-coordination of the organic amide group. Even in organic solvents it is doubt

ful that the equilibriu1n of the latter reaction could be shifted substantially to 

compete with phenol deprotonation and coordination in this systen1. This re

action has not been shown to con1pete effectively with metal hydrolysis which 

occurs at pi\. a = 9.4 in aqueou s solution ;~ 0 cf. the reactivity of amide groups 

with Os(VI) , Cu(II) , Ni(II), and Co(II). Therefore, the next step would be at

tack by the phenol situated at the other end of the ligand. Coordination to the 

san1e chromium ion is not possible due to the geon1etric constraints and steric 

demands of the amide groups; thus monomers are disfavored when the amide 

nitrogen aton1s will not readily deprotonate and coordinate to the metal. 

Analogous dimeric/polymeric con1plexes have been postulated. Titrations 

of cupric ion and N, N' -diglycyl-1 ,2-ethanediamine (H2L) with sodium hydroxide 

were found to be very complex. A satisfactory model for the complexation pro

cess, derived from the simultaneous spectrophotometric and potentiometric data , 
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Scheme 1.4. Proposed coordination pathway for bis-hydroxybenzamido ligands 

to chromium(III). 
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includes two dimeric species, [Cu 2 (HL)2]+2 and [Cu2 (H2L)2]+4 (Figure 1.8).31 

Vagg, et al., have investigated the reactivity of several transition metal salts 

with derivatives of 1,2-bis(2-pyridinecarboxamido)ethane (H2L'). Thermogravi

metric analysis of complexes with non-deprotonated ligands (e. g., ~1n(H2 L') Cl2 , 

Fe(H2 L')Cl2 , or Co(H2 L')C12 ) exhibited a decomposition pattern suggestive of a 

polymeric material; these compounds were also found to be fairly insoluble. A 

proposed coordination mode is shown in Figure 1.9.s2 

If the Type I and Type II complexes have the chelating ligands coordinated 

in nearly the same way, similar infrared spectra might also be expected. Interest

ingly, the infrared spectra of the Type II con1plex were found to be significantly 

different than the corresponding spectra of the Type I material. The crystalline 

neutral dimer exhibits a strong band at 1508 cm- 1 which has been tentatively 

assigned to the v( CO) for the 0-coordinated ami do carbonyl. The Type I salt, 

on the other hand, has no infrared bands in this region, but does have strong 

bands from 1570-1610 cm- 1
. The v(NH) in the neutral dimer appears as a 

weak broad band centered near 3200 cm- 1 ; all of the Type I complexes have a 

strong broad band extending fron1 3200-3600 cm- 1 , which has a profile typical 

of hydrated/ coordinated water or hydroxyl groups. To probe this situation fur

ther, the coordination complex of CrCl3 ·3H2 0 and 1,2-bis( N-methyl-2-hydroA.·y

benzamido )ethane ( (Hh NHMBA-Et) was synthesized. Here the ligand cannot 

coordinate through the amide nitrogen, since it is blocked by the methyl group , 

thus preventing the formation of monomers. Although this complex was not ob

tained analytically pure (possibly due to chromic hydroxide contamination), the 

infrared spectra of the crude material was nearly identical to that of the Type I 

CrCl3 ·3H2 0/ (H) 4HBA-Et complex. This result suggests the two complexes are 

very sin1ilar or that infrared spectroscopy is not a useful means of characterization 

for these con1plexes. 

The coordination chemistry of iron(III) with these ligands was found to be 

analogous to the chemistry described above; the infrared spectra were identical 
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Figure 1.8. Dim eric species thought to form when cupric ion and N,N -diglycl-

1,2-ethanediamine was titrated with aqueous sodiun1 hydroxide. 
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Figure 1.9. Proposed coordination modes of bis-pyridinecarboxamido ligands 

with l\1n+2 , Fe+2 , co+2 • 
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to the corresponding Type I chromium(III) compounds. It is likely that coordi

nation of the bis-hydroxybenzamido ligands is also the same. The complex with 

(H) 4HBA-Et has been characterized by infrared spectroscopy, elemental analysis, 

and magnetic susceptibility measurements. The magnetic n1oment was found to 

be significantly lower than the theoretical value for high-spin d5 system. It is pos

sible that this molecule exhibits intermediate spin as was found for an iron(III) 

prophyrinato complex. ss No other iron (III) complexes were isolated in pure form; 

ferric hydroxide contamination seems likely. 

Attempts to oxidize these iron(III)-bis-hydroxybenzamido complexes with 

hydrogen peroxide, t-butyl hydroperoxide, meta-sodium periodate, iodosylbenzene, 

and m-chloroperbenzoic acid have been made. The products of these reaction s, 

dark brown or black colored noncrystalline solids, also have not been isolated in 

pure form. 
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X-ray Crystallography 

X-ray Crystallography has played a major role in the characterization of the 

transition metal co1nplexes involving these bis-hydroxybenzamido ligands. It has 

been especially useful when the nuclear magnetic resonance spectroscopic data 

were ambiguous or nonexistent. Five structure determinations are reported here, 

including the free ligand, (H) 4 CHBA-Et. Refined atomic coordinates and Gaus

sian thermal parameters appear in the Experimental section; structure factor 

tables for compounds which have not been reported in the literature appear in 

Appendices A-C. 

(H) 4 CHBA-Et·pyHCl. 

We have been fortunate to obtain crystals of this ligand which was found to 

cocrystallize with pyridinium chloride. It has proved to be a useful benchmark 

for comparisons of structural data of many bis-hydroxybenzamido con1plexes. A 

comparative listing appears in Table 1.9 below. 

As with other salicylic derivatives the phenolic oxygen atoms were found to 

be coplanar with the carbonyl group (Figure 1.10).s4 Hydrogen bonding between 

the phenol hydrogen atoms t and the amide carbonyl oxygen atoms wa'3 also 

observed. The H· · ·0 contacts (1.659(3) and 1.741{3)A) are similar to those 

found in salicylic acid ( 1. 704A). ss 

The chloride ion was found to be near the pyridinium ion {Cl--HPN 2.009(l)A) 

and also in close proximity to the amide hydrogen atoms+ on the ligand fram e

work {Cl- - HN 1 2.611{1) and Cl--HN2 2.267(1)A). The hydrogen bonding to the 

chloride ion may be responsible for the observed gauche conformation about the 

ethylene bridge in the molecule; considering steric factors, the anti conformation 

should be more stable. Packing forces 1nay also play a major role. Bond lengths 

and bond angles are given in Table 1.3 and Table 1.4. 

t Located on a difference Fourier map . 

:j: In idealized positions. 
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Figure 1.10. ORTEP view of (H) 4 CHBA-Et·pyHCl. 
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Table 1.3. Bond lengths (in angstroms) for the molecular structure of (H) 4 CHBA

Et·pyHCl. 
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CLA-C4 1.749(5) 
CLB-C2 1.742(5) 
CLC·C15 1.7~7(5) 

CLD-C1~ 1.749(5) 
01-C1 1.~51(5) 
01-H01 0.986(9) 
02-Cl6 1.~52( 5) 
02-H02 1.000(9) 
o~-c1 1.247( 5) 
O.f-C10 1.2·H(6) 
Nl-C7 1.~~4(6) 
J';I-Cb 1.467(6) 
N2-C9 1.460( 6) 
N2-C10 l.S28(6) 
CI-C2 l..fH(6) 
CI-C6 1.401(6) 
C2-C8 1.~60(6) 

C~-C-4 l.Sb5( 6) 
C4 -C5 1.~7b(6) 

C5-Cf. 1.88b(6) 
C6-C7 1.501(6) 
Cb-C9 1.5~6(6) 

CI O-C ll l.-4b6(f.) 
Cll-Cl2 1.409(6) 
Cll-Cl6 1.400(6) 
CI2-CI8 1.~79(6) 

CI8-Cl4 1.369(7) 
Cl.f-Cl5 1.~7b(6) 

C15-Cl6 1.~93( 6) 

PN-Pl 1.32-4(7) 
PN - P5 1.~28 (7) 
Pl-P2 l.S60(~) 

P2- P3 1.~80(~) 

P3- P.f 1.~55(8) 

P4-P5 l.S59(b) 
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Table 1.4. Bond angles (in degrees) for the molecular structure of (H) 4 CHBA

Et·pyHCl. 
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C1-01-H01 107.9(9) N2-C10-04 121.2(4) 
C16-02-H02 117.9(9) N2-Cl0-Cll 11~.7( 4) 
C7-N 1-Cb 121.4(4) 04-C10-Cll 120.0(4) 
C9-N2-C10 123.0(4) C10-Cll-Cl2 121.9(4) 
01-C1-C2 119.~{4) Cl0-Cll-C16 J16.b(4) 
01-C1-C6 12!U~(4) Cl2-Cll-C16 119.2(4) 
C2-C1-C6 117.4(4) Cl1-C12-Cl ~ 119.4(4) 
CLB-C2-Cl 118.~(3) CLD-C13-C12 118.8(4) 
CLB-C2-C3 118.8( 4) CLD-Cl~-CH 119.1(4) 
C1-C2-C~ 122.9( 4) Cl2-Cl~-CH 122.0(4) 
C2-C3-C4 117.8(4) C13-CH-Cl5 118.5(4) 
CLA-C4-C~ 116.3(~) CLC-Cl5-CH 11~.7(4) 

CLA-C4-C5 119.6(3) CLC-Cl.5-Cl6 119.2(~) 
CS-C4-C5 122.1(4) CH-C15-C16 121.9(4) 
C4-C5-C6 119.6(4) 02-Cl6-Cl1 118.8(4) 
Cl-C6-C5 120.2( 4) 02-Cl6-Cl5 119.1(4) 
C1-C6-C7 117.~(4) Cll-C16-C15 122.1(4) 
C5-C6-C7 122.5(4) PI-Pl\-P5 122.1(5) 
O~ -C7-J\ 1 122.2( 4) P.t\-P l-P2 119.4(5) 
O~-C7-C6 120.7(4) P1-P2-P3 119.7(5) 
N I-C7-C6 117.1(4) P2-P3-P4 119.1(5) 
N l-C8 - C9 113.5(4) P3-P4-P5 119.6(5) 
C6-C9-N2 113.2( 4) P4-P5-Pl\ 120.0(.5) 
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{ Cr{ (H)CHBA-Et) (py )2 }2 ·2py. 

This was one of the first bis-hydroxybenzamido complexes examined by our 

group. It has alerted us to the fact that several coordination modes are available 

to these ligands. This is also the first structurally characterized example of N

bound organic amide coordination to chromium(III). Very few complexes of this 

type are known for the earlier transition metals. 36 The a1nbidentate nature of 

the organic amide functional group is also evident, showing that both forn1s of 

monodentate an1ide coordination are possible, at least where the an1ide is part 

of a larger chelatir.g system. \Ve have compared the n1etric data for these two 

groups below. 

The structure consists of disc~ete dimers and disordered solvent 1nolecules 

of pyridine. An ORTEP view (Figure 1.11) gives the metrical details on the 

immediate ligation about the chromium centers. The distorted octahedral en

vironn1ent include~ the pyridine nitrogen atoms, an amide nitrogen atom, the 

phenolic oxygen atoms, and an amide carbonyl oxygen atom; the coordinated 

pyridine ligands are cis and the phenolic OA--ygen atoms are trans. Con1plete 

listings of bond lengths and bond angles are given in Table 1.5 and Table 1.6. 

The Cr-Namide bond length is 2.030(6)A and the two Cr-Nphenol bond 

lengths are 1.915(5) and 1.931(5)A; sin1ilar metal-ligand contacts are found for 

[Cr(salen)(H2 0)z]Cl: Cr-N2.005(9) and 1.997(8)A, Cr-0 1.916(8) and 1.952(8)A.37 

The Cr-Ocarbonyl bond length is 1.976(5)A, which is somewhat longer than 

the 1.91(2)A Cr-Ocarbonyl bond length found in mer-trichloro-( N,N '-dimethyl

formamide) (1,10-phenanthroline )chromium(III).38 

For the first time a direct con1parison between both forms of monodentate 

organic amide coordination has been possible; both amide groups were found 

trans to pyridine. The Cr-Npyridine bond lengths (2.145(6)A., trans-to-N and 

2.097( 6)A, trans-to-O) indicate a greater trans influence for the N-coordinated vs. 

the 0-coordinated amido ligand. Interestingly, the Ccarbonyl-Namide bond length 

for the N-coordinated amide is longer than that found in the free ligand: 1.365(9) 
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Figure 1.11. ORTEP view of {Cr((H)CHBA-Et) (py)2} 2 ·2py. Bond lengths for 

the coordination sphere of the chromium atoms are in angstroms. 
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Table 1.5. Bond lengths (in angstroms) for the molecular structure of { Cr( (H)

CHBA-Et) (py)z }2 ·2py. 
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CR-01 1.976(05) CK-CM 1.340(12) 
CR-03 1.915(05) CG-CM 1.424(11) 
CR-04 1.9!H (05) CLl-CJ 1.750(08) 
CR-N2 2.030(06) CL2-CF 1.730(08) 
CR-N3 2.097(06) CL3-CM I.759(oo) 
CR-N4 2.145(06) CL4-CD 1.767(09) 
Nl-Cl 1.486(09) N3-Pl 1.327 ( 10) 
NI-COl 1.343(09) Pl-P2 1.402(13) 
N2-C2 1.474(09) P2-P3 1.363(H) 
N2-C02 1.365(09) P3-P4 1.37 5( 13) 
Cl-C2 1.560(1 0) Pf-P5 1.391(12) 
C01- 01 1.27o(o9) N3- P5 1.344(10) 
03-CA 1,322(0b) N4-P6 1.340(10) 
04-CG 1.302(09) P6- P7 1.376(12) 
C01-CH 1.48i(10) P7-P8 1.381(13) 
C02- 02 1.270(0~) P8-P9 1.397(13) 
C02- CB 1.504(10) P9-P 10 1.38b(ll) 
CA-CB 1.427(10) N 4- PIO 1.345(1 0) 
CB- CC 1.405(10) 
CC-CD 1.353(11) Solvent Molecule : 
CD-CE 1.380(11) 
CE- Cf 1.360(11) Pll-P12 1.34 ( 2) 
CA-CF 1.417(10) P 12- P 13 1.40 ( 2) 
CG- CH 1.435(1 1) PIS- PH 1.40 ( 2) 
CH-CI 1.408(10) PH-Pl5 1.35 ( 2) 
CI-CJ 1.360(11) Pl5- Pl6 1.44 ( 2) 
CJ-CK 1.429(1 2) Pll-Pl6 1.32 ( 2) 
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Table 1.6. Bond angl~s (in d~grees) for the molecular structure of { Cr ((H)

CHBA-Et) (py)2 }2·2py. 



01-CR-02 91.2(2) O:l - CA - CB 124.7(6) CG-CM- CK 126.4(8) 
01-CR-04 88.1 (2) O:t - CA - CF 120.1(6) CR- N:t - P1 121.5(~) 

01 - CR - N2 91.4(2) CB-CA - CF 115.0(6) CR- N:t - P5 119 .5 ( .'>) 
01-CR- N:l 175.6(2) C02-CB-CA 12:l.:l(6) P1 - N2- P5 118.9(7) 
01 - CR- N4 86.7(2) C02- CB- CC ll6.7(6) N~ -P1 - P2 122.4(R) 
03-CR - 04 17~.8(2) CA- CB- CC 119.9(7) P 1- P2- P3 ll8.9(9) 
03- CR- N2 92.8{2) CA- CC- CD 120.1(7) P2- P3- P4 118.8(9) 
03-CR- N:l 90.4{2) CL4-CD- CC 118.6(6) P3-P4-P~ 120.0(8) 
O:t- CR-N4 89 .7(2) CL4 -CD-CE ll8.3(6) N3-P5- P4 121.0(8) 
Of-CR- N2 9l.:l(2) CC-CD-CE 122.9(7) CR- N4 - P6 121.4(5) 
04-CR- N3 90.0{2) CD-CE- CF lJ 6.8(7) CR- N4 - P10 118.1{5) 
04- CR- N4 86.2{2) CL2- CF-CA 117.0(5) N 4-·P6- P7 124.0{8) 
N2-CR-N~ 92.5(2) CL2- CF- CE 117.9{6) P6- P7- P8 ll7.8(8) 
N2- CR- N4 177.0{2) CA - CF - CE 125 .1(7) P7- P8 - P9 119.0(8) 0) 

N~-CR-N4 89.2(2) 04-CG- CH 126.4(7) P8 - P9-PIO 119.5(8) 
0 

Cl - N 1- C01 122.1 (6) 04-CG - CM 119.1(7) N 4- P 10- P9 121.1(7) 
CR- N2 - C2 120.8( 4) CH - CG - CM 1 14.4(7) 
CR- N2- C02 124.8(5) C01 - CH - CG 118.9(6) Solvent Molecule: 
C2- N2 - C02 1 14.1(6) COJ-CH - CI 120.3(6) 
N 1-C1-C2 107 .0(6) CG - CH - CI 120.8(6) P12- P11 - PJ6 124.2(11) 
N2 - C2-C1 111.0(6) CH - CI - CJ 119.9(7) Pll - P12- P13 119.4(12) 
N l - COJ - 01 J 17.9(6) CL1-CJ - CI l19.2(6) Pl2 - P13 - Pl4 115.1(13) 
N 1-C01-C H 118.6(6) CLJ - CJ-CK 118.6(6) P 13- P H - P 15 126.3(H) 
01 - COl- CH 123.5(6) CI- CJ- CK 122.2(7) PH - P15- PJ6 114.8(14) 
N2- C02-02 122.6(7) CJ- CK-CM 116.3(8) P11- P16- P15 199.7(12) 
N2-C02- CB 121.6(6) CL:l- CM-CG 116.1(6) 
02- C02-C B 115.8(6) CL3- CM-CK 117.4(6) 
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vs. 1.328(6)A(ave.). The opposite effect is observed for metal-bound and free pep

tides ( Cca.rbonyl-Na.mide ave.: 1.30A, N-bound; 1.31A, O.bound; 1.325A, free) . 3 9 

Distortions due to the strain in the bridging chelate can not be discounted. The 

carbonyl C- 0 bond lengths are equal for both the coordinated and uncoordinated 

amide carbonyls (1.278(9) VB. 1.270(9)A); the carbonyl C-0 bond length in the 

free ligand is 1.246(6)A (ave.). Freeman has reported average peptide carbonyl 

bond lengths for metal-bound and free peptides; the difference between the1n is 

small (C- Ocarbonyl ave.: 1.2GA, N-bound; 1.24A, ().bound; 1.24A, free). 39 

The chromiun1- chromium distance in the dimer is 8.9A. 

K 2 [ { Os( 71 4 -CHBA-Et )( OPPh3 ) } 2 0)· iacetone·H2 0. 

Investigations into the osmium chemistry of these bis-hydroxybenzamido lig

ands, in collaboration with Dr. J.A. Christie (Audett) and T.E. Krafft, resulted 

in several crystallographic studies, 18 including this JJ-oxo dimer. This structure 

clearly demonstrated , for the first time, that the bis-hydroxybenzamido ligand 

could coordinate as a tetradentate tetraanion, via the amide nitrogen atoms and 

the phenolic oxygen aton1s, to one metal center. The structure also exhibit ed 

the first exan1ples of bonds between ostniu1n(IV) and an N-coordinated organic 

an1ide ligand , a phenoxide ligand, and a phosphine oxide ligand. 

The bis-hydroxybenzamido ligands in this 11-oxo dimeric complex were found 

to bind to the osmiun1(IV) centers in an eclipsed planar fashion (Figure 1.12); 

the Os- 0 - 0s angle is 175( 1 )0
• The averaged bond lengths and angles in these 

chelates were found to be very similar to those found in the free ligand: C-Ophenol 

1.33(2) VB. 1.352(2)A, C-Ocarbonyl 1.27(2) VB. 1.246(6)A., and C-Namide 1.33(2) 

vs. 1.328( 6)A. Complete metrical data (averaged) appear in Figure 1.13. 

This study also revealed unusual coordination environn1ents for the potas

sium ions. One potassium ion, centered in a square pyramid, is well within 

binding distance of the four phenolic oxygen atoms (K+ - Ophenol 2.87A aYe.) 

and one acetone solvate molecule (K+- Oacetone 2.80A) as shown in Figure 1.14; 

this potassium ion is further coordinated to the JJ-oxo lig·and (K+ -0 0 xo 3.1GA). 
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Figure 1.12. Schematic view of K2 [{ Os( 17 4-CHBA-Et )(OPPh 3 ) } 2 0]· ~acetone·H2 0. 

The water molecule and the fractional acetone molecule are not shown. 
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Figure 1.18. Structure of [{Os(71 4-CHBA-Et)(OPPh3 )} 2 0]-2 • Averaged bond 

lengths (over four sets of atomic positions) are in angstroms and averaged bond 

angles are in degrees. 
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The second potassiun1 ion is apparently four-coordinate, situated at the center 

of a distorted tetrahedron, linking adjacent anions by bonding with two pairs of 

eclipsed amide carbonyl oxygen atoms, one pair from each dinuclear unit (K+

Oca.rbonyl 2.66A ave.). Low coordination numbers for potassium ions are rare. 40 

In fact, this structural study represents the third for five-coordinate potassiu1n 

and only the second for four-coordinate potassium. 

The dose interligand contacts of the bis-hydroxybenzamido ligands in thi'3 

eclipsed conformation are predominantly Cl· · ·Cl contacts, ranging fron1 3.6--

3.9A, close to the sun1 of the van der 'Vaals' radii for the two Cl atoms (ca. 

3.6A). Presumably, the coordination of the potassium ions plays a significant 

role, and results in the observed eclipsed conformation of the two planar ligands. 

The dinuclear octahedral osmiun1(IV) oxo-bridged structure has been ob

served previously in the complex Cs4 [ { OsC15 } 2 0) ;41 a bent oxo bridged din

uclear osmium(IV) complex, Os2 (p-0 )(tJ-02 CCHs )2 Cl4 (PPhs h, has also been 

structurally characterized. 42 

trans-Os( 17 4-CHBA-H::\IEt) (py )2 · tH20*. 

Electroche1nical and chemical oxidation of trans-Os(11 4-CHBA-Et )(py)2 has 

resulted in a series of well-characterized degradation products. Aerial oxidation 

of trans-Os(11 4-CHBA-Et )(py )2 over silica gel followed by dichlorodicyanoquinon e 

oxidation in the presence of n1ethanol and water resulted in the formation of 

trans-Os(tJ 4-CHBA-Hl\fEt)(py)2 , which wa'5 found to cocrystallize with a sn1all 

amount of uncoordinated water. 

The structure of this molecule (Figure 1.3) was found to be nearly identical 

to the structure of trans-Os( q4-CHBA-Et )(py)2 (Figure 1.4). 18 The bis-hydroxy

benzamido ligand was again coordinated in a planar fashion to the equatorial 

sites of the osmium(IV) center. The hydroA."')' group and the methoxy group on 

the five-men1bered ring (composed of the atoms labeled Os, Nl, C8, C9, and i\2) 

* CHBA-Hl\fE t == the tetraanion of 1,2-bis ( 3,5-dichloro-2-hydroxybenzan1ido )-
1-hydroxy-2-methoxyethane. 
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Figure 1.14. Potassium ion coordination mode found in the molecular structure 

of K2[ {Os( 11•-CHBA-Et )(OPPh3 ) }20]· iacetone·H20. 
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were in the axial positions on C8 and C9, respectively. 

The observed trans conformation appears to be sterically favored over the 

cis forn1, where the hydroxy and n1ethoxy groups would be nearly eclipsed. The 

proposed mechanism for the oxidation steps, discussed elsewhere, 18 requires the 

formation of the trans structure. The bond lengths and bond angles for this 

structure are given in Table 1. 7 and Table 1.8. 

Pyridine molecules complete the coordination sphere bonding to the axial 

positions in the con1plex. The pyridine rings are staggered ·with respect to each 

other with a dihedral angle of 82( 4) 0
; it is not known whether this result is du e to 

electronic effec ts or crystal packing forces. In a study of trans-Co( acac )2 (py h and 

trans-Ni( aea.c )z (py )2, where the pyridine moleeules were found to be staggered 

and eclipsed, respec.tively, erystal packing forces were thought to be dominant. 43 

Other studies of os1niun1(IV)-bis-pyridine eomplexes have found the pyridine 

molecules in the staggered eonformation .18 ,44 

A eomparative listing of seleetive linkages in the free ligand ( (H) 4 CHBA-Et), 

trans-Os( 77 4 -CHBA-Et) (py )2, K 2 [ { Os( 77 4-CHBA-Et) ( OPPh3 ) }2 OJ , and tran.~O s( t7 4
-

CHBA-HMEt)(py)2 appears in Table 1.9; the variances are small in comparison 

to the experimental errors. Interestingly, the metal-bound amide groups have 

somewhat longer Ccarbonyl-Namide bond lengths and somewhat shorter Ccarbonyl

Ocarb onyl bond lengths , relative to the data for the uncoordinated ligand. (The 

bond lengths in K 2 [{0s(CHBA-Et)(OPPh3 )} 2 0] are not very precise.) These re

sults are also directly opposite to the data for coordinated peptide groups noted 

by Freeman. 39 

tran.~Os( 17 2 -(H)HBA-T~1I) 2 Cl2 ·2D~fF.§ 

The fu sion of (NH4 )z OsCI6 with (H) 4HBA-Di\fBu at ten1peratures great er 

than 300°C resulted in the rearrangement of the (H) 4HBA-D~1Bu ligand. Under 

the severe conditions, one of the amide nitrogen atoms attacked an an1ide car

bonyl carbon atom forming an imidazoline fragment. Presun1ably. salicylic acid 

§ (H)2HBA-T~fi = 2-( 2'-hydrox~phenyl )-4,4,5 ,5-tetramethylixnidazoline. 
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Table 1. 7. Bond lengths (in angstroms) for the molecular structure of trans

Os( CHBA-Hl\1Et) (py )2. 
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OS-01 1.978(07) 
OS-02 1.991(07) 
OS-N1 1.988(06) 
OS-N2 1.976(08) 
OS-Pf' 1 2.072(08) 
OS-Pt\2 2.oo•(oo) 
CL1-C2 1.722(12) 
CL2-Cl5 1.7.7(11) 
CL8-C4 1.7~8(14) 
CL4-Cl8 1.742(12) 
01-C1 I.:H0(12) 
02-C16 1.805(12) 
O~-C7 1.264(18) 
04-CIO 1.210(15) 
os-C6 1.889(12) 
06-C9 1.422(1~) 
06-CME 1.401(17) 
N1-C7 1.840(1~) 
N1-C& 1.477(15) 
N2-C9 1.460( 15) 
N2-Cl 0 1.849(14) 
CI-C2 1.893(15) 
C1-C6 1.450(14) 
C2-CS 1.892 ( 1 'i) 
C8-C4 1.856(16) 
C4-C5 1.877(16) 
C5-C6 1.896(1 6) 
C6-Ci 1.464(14) 
C6-C9 1.586(H) 
C10-C11 1.502(15) 
Cll-Cl2 1.409(16) 
Cll-C16 1.4 4 5 ( 15) 
Cl2-CIS 1.844(17) 
CIS-CH 1.866(17) 
CI4-C15 1.377(16) 
C15-C16 1.394(15) 
PN 1-P I 1.32S(H) 
PN I-P5 1.888 ( 14) 
P1-P2 1.3.6(16) 
P2-PS 1.892(19) 
P8-P4 1.843(16) 
P4-P5 1.868(17) 
PN2-P6 1.840(14) 
Pt\2-P 10 1.868(14) 
P6-P7 1.867(16) 
P7-Po 1.898(19) 
P8-P9 1.340(20) 
P9-Pl0 1.~10(19) 
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Table 1.8. Bond angles (in degrees) for the molecular structure of trans-Os( CHBA

HMEt)(PY)2· 
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02-0S-01 9~.1(0~) C6-C7-N1 120.4(09) 
N 1-0S-01 92.~(0~) N1-C8-05 1.9.5(08) 
N2-0S-01 17~.6(0~) C9-C8-05 111.~(06) 

PT\ 1-0S-01 92.5(0~) C9-C8-N 1 107.9(08) 
PN2-0S-Ol 84.9(0~) N2-C9-06 112.2(08) 
N 1-0S-02 174.3(0~) C8-C9-06 106.~(08) 

N2-0S- 02 91.6(0~) C8-C9-N2 108.9(08) 
PNl-OS-02 88.S{3) N2-Cl0-04 12~.1(10) 
PN2-0S-02 85.4{03) Cll-Cl1-04 118.2(10) 
N2-0S-Nl 83.1(0~) C11-C10-N2 118.7(09) 
PT\1-0S-N 1 89.7(0~) C12-Cll-C10 116.4(10) 
PT\2-0S-T\ 1 96.8(0~) C16-Cll-CIO 125.2(09) 
PNI-OS-N2 92.0(03) Cl6-Cll-C12 118.~(09) 
PT\2-0S-T\ 2 92.1(03) C1~-C12-Cll 121.7(11) 
PN2-0S-PN1 17~.1(0~) C12-C13-CL4 120.0(09) 
C1-0I-OS 126.9(06) CH-C1~-CL4 118.~(09) 

C16-02-0S 122.9(06) CH-C13-C12 121.6(11) 
CME- 06-C9 114.2(09) C15-CH-Cl~ 118 .-4(11) 
C7-N1-0S 129.2(07) CH-C15-CL2 118.8(09) 
Co-l" I-OS ll·L~(0 6) C16-Cl5-CL2 117.4(08) 
C8-N l-C7 116.5(08) Cl6-C15-CH 12~.7(10) 

C9-N2-0S 112.5(06) Cll-C16-02 12-4 .7(09) 
CI0-1\ 2-0S 128 .0( 07) Cl5-Cl6-02 119.0(09) 
Cl0-1"2-C9 119.5(06) C15-C16-Cll 116.2(09) 
C2-Cl-01 118.3(09) P1-PNI-OS 121.1(07) 
C6-CI-01 125.~(09) P5-PN1-0S 125.2(07) 
C6-C1-C2 116.4(09) P5-PN1-Pl 118.6(09) 
C1-C2-CL1 116.2(08) P2-P 1-PN 1 125.~( 11) 
C~-CS-CLI 118.8(09) P~-P2-P1 119.6(12) 
C~-C2-C1 122.9(11) P4-P~ - P2 117.2(12) 
C4-CS-C2 119.0(12) P5-P4-P4 118.5(12) 
C~-Cof-CU~ 118.9(10) P.f-P5-PN 1 125.7(11) 
C5-C4-CLS 119 .6 (10) P6-PN2-0S 125.8(07) 
C5-C4-C3 121.4(12) P10-PN2-0S 119.~(07) 
C6-C5-C-4 120.7(11) P10-PN2-P6 114.8(09) 
C5-C6- C1 119.1(09) P7-P6-PN2 122.3(11) 
C7-C6-C1 12-4.8(09) P8-P7-P6 120.2(12) 
C7-C6-C5 115.9(09) P9-P8-P7 116.6(13) 
N 1-C7 - 03 122.4(09) P10-P9-P8 121.0(13) 
C6-Ci-03 117.2(09) P9-P10-PN2 125.1(12) 
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Table 1.9. A comparative listing of selective linkages in the free ligand ( 77 4 -

(H) 4 CHBA-Et), trans--Os( 77 4-CHBA-Et) (py )2 1 K2 [ { Os( 77 4-CHBA-Et) ( OPPh 3 ) } 2 OJ 1 

and trans-Os{7J 4-CHBA-HMEt)(py)2 (in angstron1s). 
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A 

Os- N'a.mide 1.969(4) 

Os- Ophen ol 1.999(3) 

C-Opheno1 1.352(5) 1.331(5) 

C-O carb ony l 1.245(6) 1.228(6) 

Ccarb onyl- Na.mide 1.328(6) 1.355(6) 

A = (H) 4 CHBA-Et 

B = trans-Os( CHBA-Et) (py )2 

C = K2 [{0s(CHBA-Et)(OPPh~)}2 0] 

D = trane-Os(CHBA-HMEt)(py)2 

c D 

2.024(26) 1.980( 1) 

2.038(19) 1.984(1) 

1.341( 40) 1.307(1) 

1.267( 43) 1.237(1) 

1.340(44) 1.344(1) 

a Anson, F .C.; Christie, J.A.; Collins, T.J.; Coots, R.J.; Furutani, 

T.T.; Gipson, S.L.; Keech, J.T.; Krafft, T.E.; Santarsiero, B.D.; 

Spies, G.H. J. Amer. Chern. Soc., 1984, 106, 4460. 



76 

was extruded. The role of the osmium(VI) ion in this process is not known. 

Crystals were obtained from a Dlv.IF solution of the extracted residues. This 

unusual structure consists of discrete monomers bearing axial chloride ligands 

and two bidentate monoanionic phenoxy-imidazoline ligands in the equatorial 

positions disposed mutually tranB (Figure 1.15). Solvated D~fF molecules \vere 

also found. 

This is the first reported structure determination of an osmium(IV)-imidazoline 

complex, though con1plexes of the 2-o-phenoxyimidazole ligand are known. 4·5 

The Os- 0 bond length (1.995(12)A) was found to be similar to those found 

in the osmiu1n(IV)-bis-hydroxybenzamido c01nplexes described above. The Os 

Njmidazoline bond length 2.140(9)A was also similar to the Os-Npyridine bond 

lengths in tranB-Os(r7 4-CHBA-Et)(py)2 (2.105(3)A ave.). The Os-Cl bond length 

was 2.344(3)A. A complete listing of bond lengths and bond angles are given in 

Tables 1.10 and 1.11. 
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Figure 1.15. ORTEP view of trans-Os(q 2-HBA-TMI)2Ch. Bond lengths are 

in angstron1s and bond angles are in degrees. 
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Table 1.10. Bond lengths (in angstroms) for the molecular structure of trans

Os( '7 2-(H)HBA-Ti\11)2 Ch. 
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Cl o. IM3(8) 

01 Os 1.19{2) 

Nl o. 2.104(9) 

01 C1 1.38(2) 

Cl C2 1.41(2) 

C2 C3 1.35(2) 

C3 c. 1.41(2) 

C4 C5 1~2) 

C5 C6 1.41(2) 

Cl C6 1.42(2) 

C6 C7 1.46(2) 

Nl C7 1.28(2) 

N2 C7 1.84{2) 

N2 C8 1.«(2) 

C8 Cll 1.59(2) 

Nl Cll 1.@(2) 

C8 C9 1.51(2) 

C8 CIO 1.56(2) 

C11 Cl2 1.53(2) 

Cll C13 1.51(2) 



81 

Table 1.11. Bond angles (in degrees) for the molecular structure of trans-O s( 1] 2 -

(H)HBA-Tl\1I)z Cl2 . 
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01 - Oa -CJ 8l.G{4) 

01- Os -C1 18.1(4) 

Nl - Oa-CI 89.3(3) 

Nl- Os-CJ 10.7(3) 

Nl -Os-01 87 .2(4) 

Os -01-Cl 125.8(9) 

C6 -Cl-01 123.6(11) 

C2 - C1-01 118.0(16) 

C2 -C1-C6 118.2(11) 

C1 -C2-C3 122.9(14) 

C2 -C3-C4 120.6(16) 

C3 -C.C-CS 116.9(15) 

c.c - cs -C6, 124.0(13) 

C1 -C6-C5 117.3{11) 

C1 -C6-C7 121.4{10) 

CS- C6-CT 121.2(11) 

C6 -C7 -N1 128.3{10) 

C6 -C7-N2 118.8{10) 

Nl- C7 -N2 112.9{10) 

Os -Nl-C7 122.5{8) 

Os -Nl-Cl1 122.6(7) 

C7 -Nl-C11 109.3(9) 

C7 -N2 -C8 109.8{10) 

C9 -C8-N2 113.2(11) 

C10-C8-N2 108.4{12) 

Cll-C8-N2 IG.3{10) 

C9 -C8-Cl0 109.0(12) 

cg -C8-Cl1 114.7(11) 

ClO- C8 -Cl1 111.8(11) 

C8 -C11-Nl 100.4{9) 

C12-Cll-Nl 113.8{10) 

C13-Cll-Nl 108.8(10) 

C8 -Cll-Cl2 112.5(10) 

C8 -Cll-C13 111.0(11) 

Cl2-Cll-C13 110.4{11) 
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Conclusions 

It appears that the utility of the derivatives of l,~bis(2-hydroxybenzanlido )

ethane as ligands capable of stabilizing transition metals in the higher valent 

states is limited to systems where N-co ordination of the organic amide exists. 

Complexation of these ligands to chromium(III) and iron(III) has most likely re

sulted in the formation of 0-bound dimeric and/or polymeric complexes. Only 

in one instance has N-coordination of the organic amide been documented. Ox

idation of these trivalent species did not produce tractable high valent cOin

pounds. Had monomeric complexes formed, higher valent complexes should have 

been accessible; [ Cr( sal en )(H2 0 h ]PF 6 is easily oxidized to a stable chron1iun1(V) 

complex.l 6 Compounds such as Os( r(1-CHBA-DCBz )(py h t can be oxidized elec

trochemically to complexes of osmium(V) and possibly higher valencies; 18 here 

the coordination is known to be via the deprotonated amide nitrogen atoms and 

the deprotonated phenolic oxygen atoms. No tractable complexes were found on 

direct reaction of high valent chromium with these ligands. 

X-ray crystallographic studies have con1plemented the synthetic investiga

tions on the coordination chemistry of these bis-hydrox·ybenzan1ido ligands. 're 

have characterized the first exan1ples of N- bound organic amide coordination to 

chron1iun1(III) in a molecule where the ligand bridges two metal centers. Both 

form s of n1onodentate organic amide coordination were found and the N-bound 

form was observed to be a stronger u-donor, as expected. 

Coordination to one metal center in a planar fashion was also discovered. 

An unusual osmium(IV) 11-oxo dimer has been characterized in which potassiun1 

ions, in low coordination environments, are thought to lock the structure in a con

formation where the large planar chelates are essentially eclipsed. Comparisons 

of the metrical data with that found for the free ligand, also structurally charac

terized, indicate few significant differences. The structure of trans-Os(rj 4-CHBA

H:rviEt )(py )2 was found to be very similar to that of trans-Os( r7 4 -CHBA-Et )(py )2 

t CHBA-DCBz = tetraanion of 1,2-bis(3 , 5-dichloro-2-hydro>..·ybenz~mid o )-4 ,5-
dichlorobenzene. 
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and in agreement with the solution Kl\fR spectroscopic data. 18 These structural 

studies have provided a foundation for the production of solution-stable highly 

oxidized con1plexes with formal potentials as high as 2.5 volts. 18 •46 

The rearrange1nent of (H) 4HBA-D~fBu in the presence of (NH4 )2 OsC16 

at temperatures greater than 300°C has resulted in an unusual osmiunl(IV)

imidazoline con1plex. These imidazoline ligands may also be useful chelates for 

stabilizing metal ions in high oxidation states.4 i 
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Experimental 

General Information 

Physical and Spectroscopic 1\Jethods. Proton N~ spectra were recorded 

on a Varian 390 spectrometer. The chemical shifs are reported in ppm( 6) relatiYe 

to tetramethylsilane ( 6 = 0.0). Infrared spectra were obtained using a Beckman 

4240 spectrometer; nujol mulls were routinely used with potassium bromide plates 

unless noted other·wise. All infrared spectral assignments are tentative. No N1\1R 

spectra were obtained for the chromium(III) and iron(III) complexes, due to their 

paramagnetic nature, thus unambiguous characterization has been difficult. 

Ele1nental analyses were perfonned by Schwartzkopf l\,ficroanalytical Labora

tory, Galbraith Laboratories, Inc., or by Mr. L. Hen ling at the C.I. T. Chetnistry 

Dept. Analytical Facility. ~fagnetic susceptibilities were measured on a Cahn 

Electrobalance, m.odel DTL, which employs the Faraday Technique. 

Materials. All solvents were reagent grade and used without further purifica

tion, except for dkhloromethane and tetrahydrofuran which were freshly distilled 

from calcium hyd:ride. 

The following compounds were used as received: 2-acetylsalicylic acid , t

butyl hydroperoxide, ~chloroperbenzoic acid, chromyl chloride, sym-din1ethyl

ethylenedian1ine, ethylenediamine, o-phenylenediamine (all from the Aldrich Chein

ical Co.) , chromium trichloride hexahydrate, chromium trioxide, anhydrous fer

ric chloride, hydrogen peroxide, anhydrous sodium carbonate, sodium hydrox

ide (all from Bakt~ r Che1nical Co.), cerric ammonium nitrate, hydrochloric acid, 

meta-sodiu1n per~)date, triethylamine (all from l\.iallinckrodt Inc.), 3,5-dichloro

salicylic acid, iodosylbenzene (fron1 Pfaltz and Bauer Chemical Co.), trichloro

tris(tetrahydrofuran)chromium(III) (from Alfa Chemical Co.) , and chlorine gas 

from the Matheson Co. Oxalyl chloride from both Pfaltz and Bauer Chemical 

Co. and the Aldri.ch Chemical Co. was freshly distilled before use. 

The followint~ compounds were synthesized using reported procedures: 2-

acetyl-5-t-bu tylsaticylic acid,48 2-acetyl-3,5-dichlorosalicylic acid,49 2,3-dian1ino-

2,3-dimethylbutane,50 Cr(O-t-Bu) 4 ,
51 and Na[Cr0(0 2 CC(CH3 )20)2) .52 
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Synthesis 

Preparation of (H) 4HBA-Et. 2-acetylsalicylic acid (50.0 g,0.277 mol) was 

mixed with 50-60 mL of neat oxalyl chloride in a 250 mL round bottmn flask. 

The reaction flask was vented to a hood and maintained at 30° C for 4 hours. 

The initial slurry gradually changes to a pale yellow solution as the acid was 

converted to the acid chloride. When the gas evolution had ceased, the ren1ain

ing oxalyl chloride was distilled off in vacuo. The residue was dissolved in 30 

mL of dry dichloromethane which was also distilled off in vacuo; this step was 

repeated several times to remove the last traces of oxaly 1 chloride. The residue 

was dissolved in 100 mL of dry dichloromethane and refrigerated. A solution 

of ethylenediamine (9.277 mL,0.138 mol) and 100 mL of dry dichloromethane 

was placed in a 500 mL round bot'tom flask equipped with a stir bar. After the 

solution had cooled sufficiently in an ice bath, the freshly prepared acid chloride 

solution was slowly dripped in with stirring. The slurry was stirred for 1 hour 

at which time an excess of 1 equivalent of triethylamine was added; the mixture 

was stirred for an additional ~ hour. This mixture was then treated with ca. 100 

mL of warm 6M NaOH and heated in vacuo to distill off the dichloromethane 

and triethylan1ine. The ren1aining aqueous solution was decanted fro1n the undis

solved organic residues which were then dissolved in a n1inin1al a1nount of acetone 

and treated with an additional 50 mL of warm 6!vi NaOH. The acetone was then 

distilled off in vacuo and the aqueous portions were combined. This very basic 

solution was cooled on ice, and was then cautiously acidified with concentrated 

HCl. The product precipitated and was easily collected. The recrystallized yield 

(fron1 acetone/water) was 33.3 g (80%). 

Tentative analytical data: (H) 4HBA-Et 

IR (cn1- 1 ,nujol): 3418 [ss,v(NH)], 1647 [ss ,v(CO)]. 
1H ~MR (acetone-d 6 ): 6.61- 7.68 [m ,8H,Ph) , 3.21- 3.68 [In , 4H~CH2 ]. 

E.A.: (Calc.) C: 63.99%, H: 5.37%, ~: 9.32 )/C ; 

(Found) C: 64.12%, H: 5.58%, N: 9.14%. 

Xm (cgs units): -192 x 10- 6
• 
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Preparation of(H) 4 HBA-oBz, (H) 4HBA-DMBu, (H) 4 tBuHBA-Et, (H) 4 CHBA

oBz t, and {H)2 NMHBA-Et. These compounds: 1,2--bis(2-hydroxybenzamido )

benzene, 2,3-bis(2-hydrox~ybenzatnido )-2,3-dimethylbutane, 1,2-bis(S-t-butyl-2-hy

droxybenzamido )ethane, 1,2-bis( 3,5-dichloro-2-hydroxybenzamido) benzene, and 

1,2-bis(N-methyl-2--hydroxybenzamido)ethane, were all synthesized in an anal

ogous manner to that of 1,2-bis{2-hydroxybenzamido )ethane, described above. 

Table 1.12 lists the starting materials, recrystallizing solvents , and yields for 

these preparations. 

Tentative analytical data: (H) 4HB.A.- oBz 

IR (cm-I,nujol): 3383 [ms,v(NH)], 1638 [sh ,v(CO)]. 
1H NMR (acetone-d6 ): 7.63- 8.10 [m,4H ,Ph], 7.23- 7.53 [m,4H,Ph], 

6. 76-7.00 [n1,4H,Ph]. 

E.A.: (Calc.) C: 68.96%, H: 4.63%, N: 8.04%; 

(Found) C: 69.04~(., H: 4.75%, N: 8.14%. 

Xm (cgs units): -124 x 10-6
• 

Tentative analytical data: (H) 4 HBA-Dl\ffiu 

IR (cn1- 1,nujol): 3359 [n1s,v(NH)], 1625 [sh,v(CO)]. 
1H N~fR (acetone-d6 ): 7.83- 8.00 [m,2H,Ph], 7.25--7.50 [m,2H,Ph], 

6.76- 7.00 [m,4H,Ph], 1.65 [s,12H,CH3 ]. 

E.A.: (Calc.) C: 67.40%, H: 6.79%, N: 7.86%; 

(Found) C: 67.37%, H: 6.867(,, N: 7.68%. 

Xm (cgs units): -214 X 10- 6• 

Tentative analytical data: (H) 4 tBuHBA-Et 

IR (cm- 1,nujol,NaCl plates): 3365 [ms,v(l\1I)], 1648 [ss,v(CO)]. 
1H NMR (acetone-d6 ): 7.79 [d ,2H,Ph], 7.4G-7.56 [m,2H,Ph], 

6.82 (d,2H,Ph], 3.64 [s,4H,CH2 ] , 1.30 [s ,18H,tBu]. 

E.A.: (Calc.) C: 69.88%, H: 7.82%, N: 6.79%; 

{Found) C: 70.13%, H: 8.05%, N: 6.63%. 

Xm (cgs units): -237 x 10- 6 • 

Tentath·'e analytical data: (H) 4 CHBA-oBz 

t Direct chlorination of (H) 4HBA-oBz was not productive. 
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Table 1.12. Pertinent data for the syntheses of the organic chelates: (H) 4HBA

oBz, (H) 4HBA-Dl\ffiu , (H) 4 tBuHBA-Et , (H) 4 CHBA-oBz, (H)2NMHBA-Et. 



Ligand 

(H) 4HBA-DMBu 

(H) 4 tBuHBA-Et 

(H) 4 CHBA-oBz 

(H)2 N i\1HBA-Et 

Starting 

Materials 

89 

2-acetylsalicy lie 

acid; o-phenylene

diamine 

2-acetylsalicy lie 

Recrystallizing 

Solvents 

acetone/ 

water 

DMF/ 

acid; 2,3-diamino- water 

2,3-dimethylbu tane 

5-t-butyl-2-acetyl

salicylic acid; 

ethylenediamine 

2-acetyl-3,5-dichloro-

acetone/ 

water 

acetone/ 

salicylic acid; o- water 

phenylene diamine 

2-acetylsalicylic acid; 

Bym-N, N' -dimethy !

ethylenediamine 

DMF/ 

water 

Yield 

81 % 

56?( 

50% 

75 )( 

6G S1 
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ffi (cm-I,nujol): 3385 (mb,v(NH)], 1646 [ss,v(CO)]. 
1H Nl\1R (acetone-d6 ): 8.00 [d,2H,Ph], 7.68-7.50 [m,4H,Ph], 

7.10-7.30 [m,2H,Ph]. 

E.A.: (Calc.) C: 49.41%, H: 2.49%, N: 5.76%; 

(Found) C: 49.52%, H: 2.68%, N: 5.85%. 

Tentative analytical data: (H) 4 NMHBA-Et 

IR (cm- 1 ,nujol): 1570 [sb,v(CO)]. 
1H NMR (CDCl~): 6.7-7.5 [m,8H,Ph], 4.1[s(br),4H,CH2 ], 

3.2 [s(br),6H,N-CH~]. 

E.A.: (Calc.) C: 65.841(, H: 6.14%, N: 8.53%; 

(Found) C: 65.45%, H: 6.09%, N: 8.49%. 

Preparation of (H) 4 CHBA-Et. (H) 4HBA-Et (5 g) is dissolved in 80-100 n1L 

of warm glacial acetic acid in a 500 mL filtration flask. Chlorine gas was bubbled 

through the solution for t hour period; the product precipitated during this tinw 

due to its low solubility in acetic acid. The mixture was then cooled on ice. The 

product was collected on a glass frit and wa'3hed with cold water. It was then 

recrystallized from acetone/ water. The overall yield wa.s 6. 6 g ( 90%). 

Tentative analytical da.ta: (H) 4 CHBA-Et18 

IR (cm- 1 ,nujol): 3343 [ss,v(NH)], 1632 [ss,v(CO)]. 
1H NMR (acetone-d6 ): 7.76 [d,2H,Ph], 7.58 (d,2H,Ph], 

3.70 [s,4H,CH2 ]. 

Xm (cgs units): -192 X 10-6 . 

Preparation of {Na[Cr( 17 4 -(H)2HBA-Et) ( OH)2] }x· CrC13 ·6H2 0 ( 444 n1g,0.0017 

mol) was dissolved in ca. 50 mL of N, N '-dimethylformamide and heated under 

reflux in a 100 mL beaker. The ligand, (H) 4 HBA-Et (500 mg,0.0017 mol) was 

then added to the solution which was stirred for 2 minutes. At this point the heat 

was reduced and a large amount (ca. 5 g) of anhydrous sodiu1n carbonate was 

mixed into the solution. After stirring for an additional 2 n1inutes, the mixture 

was filtered and cooled to room temperature. The product formed on addition of 
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acetone. It was filtered from the solution, washing with diethyl ether, and dried 

in vacuo. The yield was approximately 75% (0.52 g). 

Tentative analytical data: {Na[Cr( '7_.-(H)2HBA-Et) ( OH)2]}x 

IR (cn1- 1 ,nujol): 3100-3650 [br,v(OH);obscured,v(NH)], 1610 [ss,v(CO)]. 

E.A.: (Calc.) C: 47.18o/c;, H: 3.96%, N: 6.88%; 

(Found) C: 46.97%, H: 4.08%, N: 6. 70%. 

1-leff (Bohr magnetons): (Calc.) 3.87; (Found) 3.70. 

Preparation of {Na[Cr('74 -(H)2CHBA-Et) (OH)2]}x. CrC13 ·6H2 0 (304 mg: 

0.0011 mol) was dissolved in ca. 100 mL of acetone and heated under reflux in 

a 100 mL beaker. \Vhen the salt had completely dissolved, (H) 4 CHBA-Et (500 

mg,0.0011 mol) was added, changing the color from purple to khaki. After 2 

minutes the heat was reduced and anhydrous sodium carbonate (ca. 5 g) was 

mixed into the solution. After stirring for an additional 2 minutes, the 1n!xture 

was filtered and cooled to room temperature. Upon the addition of diethyl ether, 

the product precipitated. It was filtered from the solution, washed with diethyl 

ether, and dried t'n vacuo. The yield was approximately 85% ( 0.51 g). 

Tentative analytical data: {Na[Cr( 17 4 -(H)2CHBA-Et) ( OH)2]}x 

IR (cm-I,nujol): 3100-3650 (br,v(OH);obscured,v(NH)], 1595 [ss ,v(CO)]. 

E.A.: (Calc.) C: 35.26%, H: 2.22%, N: 5.14%; 

(Found) C: 35.11%, H: 2.60%, N: 5.16%. 

1-leff (Bohr magnetons): (Calc.) 3.87; (Found) 3.86. 

Preparation of {Na[Cr(7}4 -(H)2HBA-oBz)(OH)2]}x·3xH2 0. The procedure 

for this synthesis is analogous to that of {Na[Cr(7}4-(H)zHBA-Et)(OH)2]}x , as 

described aboYe. Using 382 mg (0.0014 mol) of CrC13 ·6H2 0 and 500 mg (0.0014 

n1ol) of (H) 4HBA-oBz (in ca. 50 mL N,N '-din1ethylfonnamide), the con1plex was 

isolated in 80% yield (0.57 g). 
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Tentative analytical data: {Na[Cr(774-(H)2HBA-oBz) (OH)2]}x·3xH2 0* 

IR (cm- 1 ,nujol): 3000-3650 [br,v(OH);obscured,v(NH)], 1610 [ss,v(CO)]. 

E.A.: (Calc.) C: 47.16%, H: 4.35%, N: 5.50%; 

(Found) C: 47.20%, H: 4.03%, N: 5.44%. 

1-'eff (Bohr n1agnetons ): (Calc.) 3.87; (Found) 4.01. 

Preparation of {Cr((H)CHBA-Et)(py)2}2 ·2py. CrC13 ·6H2 0 (304 mg,O.OOll 

mol) was dissolved in ca. 50 mL of pyridine and heated under reflux in a 100 

mL beaker. When the salt was dissolved, (H) 4 CHBA-Et was added to the hot 

solution. After 2 minutes approximately 5 g of anhydrous sodium carbonate were 

mixed into the solution. The n1ixture was stirred for an additional 2 1ninutes and 

then filtered. The dark green solution was placed in a sealed bottle and set aside 

in a cool dark place. After several weeks green crystals formed; a pale green 

powder also precipitated. The yield of crystals collected was estimated at 5%. 

Infrared spectra of the crystals and the amorphous tnaterial were found to be the 

same. 

Tentative annlytical data: { Cr( (H)CHBA-Et) (py h }2 ·2py 

IR (cn1- 1 ,nujol): 3150- 3300 [br,v(NH)L 1508 [ss,v(CO)]. 

X-ray crystarlographic analysis described below. 

Preparation of crude {Na[Cr(r7 4-~,fHBA-Et)(OH)2]}x. The synthesis of 

this impure complex is similar to that of {Na[Cr(774-(H)2HBA-Et)(OH)2]}x. 

CrC13 ·6H2 0 ( 406 mg,0.0015 mol) and 500 mg (0.0015 mol) of (Hh .Nj\fHBA

oBz were dissolved in acetone (ca. 50 mL) and heated under reflux. After 2 

minutes the heat was reduced and anhydrous sodium carbonate (ca. 5 g) was 

mixed into the solution. The n1ixture was stirred for an additional 2 minutes , 

then filtered and cooled to room temperature. Upon the addition of tetrahydro

furan, the product precipitated. It was then filtered from the solution and dried 

in vacuo. 

* I\o independent verification for the waters of hydration. 
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Te11tative analytical data: {Na[Cr( 17 4 -(H)2 .NMHBA-Et )( OHh]}x 

IR (cm- 1,nujol): 3100- 3650 (br,v(OH)], 1609 [ss,v(CO)]. 

Preparation of {Na[Fe ( 17 4 -(H)2HBA-Et) ( OH)2] }x ·xH2 0. The procedure for 

this synthesis is analogous to that of {Na[Cr(174-(H)2HBA-Et) (OH)z]}x, as de

scribed above. Using 270 mg (0.0017 mol) of FeC13 and 500 mg (0.0017 mol) of 

(H) 4HBA-Et {in ca. 50 mL N,N '-dimethylformamide), the complex was isolated 

in 75% yield (0.55 g). 

Tentative analytical data: {Na[Fe (17 4-(H)2HBA-Et) ( OH)2]}x ·xH2 0§ 

IR (cm- 1 ,nujol): 3100- 3650 [br,v(OH),obscured ,v(NH)] , 1610 [ss,v(CO)]. 

E.A.: (Calc.) C: 44.78%, H: 4.23%, N: 6.53%; 

(Found) C: 44.40%, H: 3.97%, N: 6.54%. 

#Jeff (Bohr magnetons): (Calc.) 5.92; (Found) 4.37. 

Preparation of crude {Na[Fe('7 4 -(H)2CHBA-Et)(OH)2]}x and {Na[Fe(77 4 -

(H)zHBA-oBz) ( OH)2] }x . Compounds of iron containing the ligands (H) 4 CHBA

Et and (H) 4HBA-oBz were n1ade under the srune conditions as their chromiun1 

analogues. Ele1nental analyses of these complexes indicate they were not pure. 

Tentative analytical data: {N a[Fe ( 17 4 -(H)z CHBA-Et) ( OH)2 ]}x 

IR (c1n- 1 ,nujol): 3100-3650 [br,v(OH);obscured,v(NH)], 1600 (ss,v(CO) ]. 

Tentative analytical data: {Na[Fe('7 4-(H)zHBA-oBz)(OH)z]}x 

IR ( cm-I,nujol): 3100- 3650 [br,v( OH) ;obscured,v(NH)], 1608 [ss,v( CO)] . 

Oxidations of trivalent complexes. The metal complexes were freshly pre

pared, as described above, except that they were not precipitated fr01u the fil

tered solution. These solutions were heated under reflux and then an excess 

of one equivalent of the oxidant (hydrogen peroxide, m-chloroperbenzoic acid , 

iodosylbenzene, meta-sodium periodate , or t-butyl hydroperoxide) was add ed ; no 

§ No independent verification for the waters of hydration. 
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apparent reaction occurred at room temperature. The solutions usually changed 

to a dark brown color within three minutes . After cooling to room temperature, 

the products were precipitated (by the addition of diethyl ether) and filtered from 

the solution. The materials were then washed with diethyl ether and dried in 

vacuo. Infrared spectroscopic data and elemental analyses indicated the trivalent 

complexes were not cleanly oxidized to higher valent compounds. 

Reactivity of (H) 4 CHBA-Et with Cr03 , Cr0 2 Cl2 , Na[Cr0(02 C(CH3 )20)2] , 

and Cr( 0-t-Bu )4 • Direct reactions of chromiun1 trioxide or chromyl chloride ( 1 

equiv.) with (H) 4 CHBA-Et ( 1 equiv.) were not productive; intractable pow

ders were isolated under a variety of conditions, e.g., in acetone, N,N-dinlethyl

formamide, tetrahydrofuran, or dichloromethane, with and without heating, and 

with and without added sodium carbonate or other bases. No reaction was ob

served between (H) 4 CHBA-Et and Na[Cr0(0 2C(CH3 )20)2] in acetone. An in

tractable gray-green powder resulted on mixing (H) 4 CHBA-Et (1 equiv.) with 

Cr(O-t-Bu) 4 (1 equiv.) in dry degassed tetrahydrofuran. 
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X-ray Crystallography t 
Structure Determination of (H) 4 CHBA-Et·pyHCl. 

Da.ta. collection. A crystal roughly 0.25 mm on a side was mounted on a 

glass fiber with epoxy. Oscillation and Weissenberg photographs indicated that 

the space group was of the monoclinic class. The intensity data were collected on 

a locally modified Syntex P21 diffractometer with MoK0 radiation (.A= 0.7107A) 

and a graphite monochron1ator. 

Unit cell para1neters were obtained by least-squares refinen1ent of the ori

entation n1atrix using 15 centered reflections in the range 19° < 28 < 38°: a = 

10.659(3)A, b = 22.472(6)1, c = 4.890(2)A, j3 = 95.63(2) 0
, and V = 11G5.8(G)A3

• 

The systen1atic absences led to the assignment of the space group P21 (OkO: 

k=odd, hOI: none, hkl: none). 

A total of 6033 intensity measurenwnts were recorded for reflections in one 

hemisphere (3.5° < 28 < 46.0°) using 8-28 scans at a constant scan speed of 

4.88° /min (28 :::; 36.0°) or 3.91° /min (28 > 36.0°). Background measure1nent s 

were recorded for a time interval equal to half the scan tirne before and aft er 

each scan. The integrated intensities were calculated in the following n1anner: I 

= R[ C - T(B 1 + B 2 )], where R is the scan rate, C is the scan count, B 1 and 

B2 are the background measurements, and T is the ratio of the scan tinH' to the 

total background counting tin1e. Three check reflections were remeasured after 

every 197 reflections. No decay was observed; absorption corrections were not 

applied. 0 bservational variances, o-2 (F;), were based on counting statistic 3 plus 

a tern1 , 0.02C, where C is the scan count. After deletion of systematic abs,:nces, 

and averaging of znultiple and symn1etry-related reflections, the totalnuinoer of 

unique data was 2892 of which 2268 were greater that 3u. 

Structure detern1ii1ation and refine1nent. The aton1ic positions of the chlo

rine aton1s were generated by !\.fULTA~. ·54 Subsequent Fourier and difft rence 

t All calculations were carried out on VAX 11/780 and VAX 11/750 con1puters 
using the CRYR~1 crystallographic system.53 
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Fourier maps revealed all non-hydrogen atoms. Atomic scattering factors were 

taken from Stewart, Davidson, and Simpson 55 for Hand the International Tables 

for X-ray Crystallographlf6 for all others. 

Several cycles of full-matrix least-squares refinement minimizing 2: w (F~ -

(Fc/k) 2
)

2
, w = 0'- 2 (F~), on all non-hydrogen parameters yielded R = { L IIFoi

IFc/kli/IFol} = 0.192 and GOF = {l::w(F~- (F~/k)) 2 /(n0 - np)}! = 3.62, 

where n0 is the number of reflections and np is the number of parameters; all 

atomic coordinates were in one block and the scale factor and the isotropic Gaus

sian ellipsoids were in the other. Subsequently, the Gaussian ellipsoids were re

fined anisotropically and hydrogen atoms on the carbon and nitrogen atoms were 

placed a distance of l.OA from them by assuming ideal geometry; phenolic hydro

gen atoms were found on a difference Fourier map. ,Hydrogen atom coordinates 

and isotropic thermal paran1eters (B = 5.0A) were not refined. The final cycle of 

least-squares refinement gave values for Rand R3a, the R-factor calculated using 

only the reflections with F~ > 30'(F~), of 0.045 and 0.034; the GOF was 1.51 and 

the data-to-parameter ratio was 7. 99. The final values for the atomic coordinates 

and Gaussian ellipsoids are given in Table 1.13. 

Structure determination of { Cr ((H) CHBA-Et) (py )2 }2 ·2py. 

Data Collection. Oscillation photographs of crystals large enough for X-ray 

analysis indicated that most \rere badly twinned. One crystal, however, was found 

to extinguish well under polarized light. An oscillation photograph revealed that 

the individual sel€'cted for intensity data collection was a single crystal with only 

a minor twin component. The crystal, roughly a cube 0.25 mm on a side, was 

mounted on a glass fiber with epoxy. The intensity data were collected on the 

locally modified Syntex P21 automated diffractometer with MoKa radiation (A 

== 0. 7107A) and a graphite Inonochrotnator. 

Unit cell parameters were obtained by least-squares refinement of the ori

entation matrix using 15 centered reflections in the range 18° < 2() < 35°: a = 
14.343(4)A, b = 14.225(3)A, c = 16.447(8)A, f3 = 104.28(3) 0

, and v = 3252(2)A3
. 
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Table 1.13. Fractional coordinates (CLA- P5: x 105 ; H01- HP5: x 104 ) and 

thermal parameters (Uii x 104 in A2
; Bin A2

) for (H) 4 CHBA-Et·pyHCl. 
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Atom X y z Uu u22 U$s Vr2 U 1s U2 s 

CLA 45154 (11 ) 8060( 08) 24070(25) 428 ( 06) 504(07) 501(07) ·10S{0 6) 69 (0 5 ) ·124 (06) 
CLB 346 &0( 12 ) 24&80(00 ) ~6H8(SO ) 400 (07) 519(08) 846 (10) 102 (06) 196(0 i J · 146 (07) 
CLC 125261 (1S ) · 16124 (08) 27226 (28 ) 607{08) 527(07) 63S (09) 139 (0i ) 76(0 7) · 176(07) 
CLD 1897! (12) · 162S1 (08) 95995(SI) 495(07) 509(08 ) 908 (10) ·134 (0i ) 1S9(07) 1£,1 (0 ~ ) 

01 e20SS1(2 9) 2f82 0(14) 112248(6! ) 467 ( 18) S3S(16) 522(18) 3(15 ) 99 ( 15) ·14 6( 15) 
02 126 871 (SO) ·341S (15) 39443(66) 423(19) 480(18) 537(1 9) 5(35 ) 168 ( H ·) ·21(15 ) 
03 84254 (29 ) 209.55(14) 110611 (67) 407(18) 480(20 ) 654(21) 16(.15 ) ·10 ( 16) · 160( 16) 
04 121771(SS ) 58S O(l4) &4957(71) 556(23 ) 433(1 9) 770 (24 ) ·139(17 ) 379 (20) · 11S ( l 7) 
Nl 89H5(32) 15804 (17) 73582 (74) 273(18 ) 481(22 ) 447(23 ) 19(H J 27 (17 ) · &4 ( 1 ~) 
N2 106726 (34 ) 6054 (16) 9S768 {7S ) 329(20) 406(22 ) 511(22 ) · 25 (1(.) 130( 17) · 74 (1i ) 
C1 &8647(3 9 ) 20966(18) U617(85) S78(24 ) 28 0(21 ) 42! (24 ) 7(H ) 122 (20) 27 ( 16) 
C2 4580S(U) 2041!1 (19) 81496(97 ) 352(24) 335(23 0 664(3 0) 6& (2 Co) 1S3 (22 ) · 21 (21 ) 
cs 415 92 (42 ) 16606(2 0) 61277(94) 342(25 ) 896(23) 485 ( n ) 1(2 C•) 85 (21 ) 64 ( ~!CI) 

C4 504Si (H) 131 01(1 9 ) f9937(6 6 ) 389(24 ) 301(22 ) 417(2 5) ·35 (H ) 87( 2C1) · l(H ) 
cs 6S1SS (40) 13495 (19 ) 68329(6&) S52(23 ) 335 (22 ) 426 (21 ) 2 C' (H ) 68 ( 11;) 12 ( lb ) 
C 6 673 0!(38) 17450(1 9) 79071(87) 189(21) 325(22 ) 369 (24 ) 14(1 6) 66 ( 19) 3 ( I &) 
C 7 809& 9( 42 ) 1815S {l 9) 89068 (90) 405(24 ) 284 (23 ) 436 (26) 36 (1£-) 41 (2 C• ) 2{,( 18) 
C8 10 2944 (39) 1661!8 (20) 80254 (9 4) 826(21) 4:1 0( 26) 471(2 9) ·33 (2 C•) 73 (20 ) · 65 (22 ) 
C9 106921 (40) 12261(20) 101€59(9 2 ) 346(2.5) 36 9( 22 ) 557 (28) ·4(2 C•) 2i (22 ) · 94 (2 C• ) 
ClO 11:14H{:18 ) 322.5 (21 ) 7648 0( 87 ) 312 (21 ) 409 (2S ) 456{26) ·24(20) 56 ( 19) ·1 (22 ) 
Cll ll 092u( 39) · 319:1 (18 ) 71 07S (65) :1 02 (23 ) 341 (22 ) 3&6 (26) 31 ( H ) 16( 19) · 6 ( l ~) 
C12 101890( 41 ) · 6362 (21) 84416(9 0) 360 (24 ) 442 {26) 48 9( 27) ·2(20) 72 (21 ) 4.5 ( 22 ) 
Cl3 100147( 42 ) ·1234 6( 22 ) 79067( 97 ) 373 (25) 42S (26) 512(2 9) ·.57(2 1) 2 0 (22 ) 6 0( 2 ~ ) 

CH 107306 (4S ) ·15SB 9( 21 ) 61970 (97) 46.5(25) f00 (27) 571(26 ) 81!(22 ) ·68(22 ) ·1 (23 ) 
CJ5 1161 09( 4:1 ) ·12282 (20) 48824(68 ) 447(27 ) 41S (24 ) 427(26) 106(22 ) 18 (21 ) · 35 (2(1) 
C l6 11812 0( 40) ·6212 (20) 5~ 0 27 ( 66 ) 327 {2:1 ) 406 ( 2.5 ) 42 6( 2£) 27 ( 1\') 2 (20) 16 (2(•) 
PCL 8~73 0{ 12 ) 3529{06) 286S~ ( 27 ) 47 6(0 7) 507 (0 7) 672 (0 8) ·4(0(.) 292 (0(',) · Si (Ot.) 
PI\ 3~ 099( 4~ ) 4.5919 (21 ) 89569( 94 ) 522 {2£) 596(2 6) 609 (26) 100(21 ) · 3 (22 ) ·17 6( 2 2) 
P1 34 09 4(.54 ) 40493 (27 ) .5009 5{11 0) 6.54 ( ~7 ) 784 (39) 58 0( 35 ) ·132 (32 ) 64 ( 2 ~) · 86( 2C.) 
P2 427 92 (60) 366& 0( 25) 41453 ( 114) 861 ( 47 ) 461 (32 ) 688 (36) ·5 6( ~ 2 ) ·87 ( 3~ ) ·11 (2 •") 
P3 60 .547 (52 ) ~8532 ( 21 ) 22123 ( 106) 659( S3 ) 532 (32 ) 622 (34 ) 133 (27 ) · 32 (26) · 93 (27 ) 
P4 493 6 .5 (5 2 ) 4415 0( 24 ) 121 64(1 0.5) 64.5 (33 ) 60.5 ( :13 ) 603 (32 ) 33 (2 7 ) 99( 2i) ·6 5 (2\'.) 
P5 40484 (57 ) f7824 (23 ) 210 51(111 ) 764 ( :1 9) 4.56( 31) 59.5 (S4 ) M(2 i) 60( 30) ·22 (25) 

Atom X 1 B 

HOI 71SO 2470 11590 5 .0 
B02 12922 77 449 0 5. 0 
H!\1 8628 132-t 57 0 1 5 .0 
H!\2 ~97& 360 102:16 5 .0 
H C 3 3222 1632 5424 .5 .0 
HC5 694 0 1088 4935 5.0 
H C &A 10425 209 0 870 1 5 .0 
HC6B 107~6 164 0 &314 5.0 
HC9A 10.529 1304 119.56 5.0 
HC9B 11823 1295 10423 5 .0 
HC12 ~ 671 ·423 ~809 5 .0 
HCH 10603 · 1975 66:14 6 .0 
BPI\ 2653 4871 468:1 5 .0 
BPI 2817 891 9 6:166 5 .0 
BP2 431 0 3257 4967 6 .0 
BP3 577.5 3.576 1633 5 .0 
HP4 6496 456 0 ·28 5 6 .0 
BPS 4107 6Hi2 1052 .5 .0 
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The systematic absences led to the assignment of the space group P21 / c (OkO: 

k=odd, hOI: l=odd, hkl: none). 

A total of 8370 intensity measurements were recorded for reflections in one 

hemisphere ( 4.0° < 20 < 45.0°) using 0-2B scans at a constant scan speed of 

2.02° /min with a fixed symmetric scan width of 2.0° in 2B. Background mea

surements were recorded for approximately 30 secondsl before and after each 

scan. The integrated intensities were calculated in the following mannPr: I = 
R[C- T(B 1 + B2 )], where R is the scan rate, Cis the scan count, B 1 and B2 are 

the background measurements, and T is the ratio of the scan time to the total 

background counting time. Three check reflections were remeasured after every 

97 reflections. A linear least-squares fit of intensities of these check reflections 

implied a 5% decay over the 206 hours of data collection. Absorption corrections 

were deemed unnecessary (J.I = 7.4 cm- 1 ). Observational variances, u 2 (F~ ). were 

based on counting statistics plus a term, 0.02C, where C is the scan count. After 

deletion of systematic absences, and averaging of multiple and symmetry-rdated 

reflections, the total number of unique data was 3685 of which 2031 were greater 

that 3£r. 

Structure determination and refinement. The atomic positions of the chromiun1 

atoms were derived from the Patterson map. Subsequent Fourier and diff('rence 

Fourier n1aps revealed all non-hydrogen ato1ns. Ato1nic scattering factors were 

taken fron1 Stewart, Davidson, and Sin1pson55 for H, and the International Tables 

for X-ray Crystallographlf 6 for all others. 

Several cycles of full-n1atrLx least-squares refinement minimizing I: w (F~ -

(Fc/k) 2 )
2

, w = £r- 2 (F~), on all non-hydrogen paran1eters yielded R == { L j:Fol-
2 l. 

IFc/kli/IFol} = 0.127 and GOF = { L:w(F~- (F~/k)) /(no- np)} 1 = 1.76, 

where n0 is the number of reflections and np is the number of paratnete:·s; all 

atomic coordinates were in one block and the scale factor and the Gaussian 

ellipsoids (anisotropic for all atoms except those of the disordered pyridine ring) 

+ The background counting time was proportional to t the scan tiine. 
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were in the other. Hydrogen atoms were placed a distance of 0.99A from their 

respective carbon or nitrogen atom by assuming ideal geometry, and were not 

refined. The final cycle of least-squares refinement gave values for R and R3a , 

the R-factor calculated using only the reflections with F~ > 3o-(F~), of 0.122 and 

0.055; the GOF was 1.38 and the data-to-parameter ratio was 9.8. The final 

values for the atomic parameters are given in Table 1.14. 

Structure Determination of K 2 [ { Os( 17 4 -CHB.A.-Et )( OPPh3 ) } 2 0]· iacetone·H2 0. 

Data. collection. A dark blue crystal (0.2x0.2x0.2 mn1) wa'3 mounted on a 

gla'3s fiber with epoxy. Oscillation and " reissenberg photographs were used to 

determine the space group for the structure: P21 fc (hOI: l=odd, OkO: k=odd, 

hkl: none). The intensity data was collected on the locally modified Syntex P21 

diffractometer with ~1oK0 radiation ( "- = 0. 7107 A) and a graphite monochronla

tor. Lattice parameters were obtained by least-squares refinen1ent of the orienta

tion matrix using fifteen centered reflections (11.5° < 28 < 26.0°): a= 18.72(1)A, 

b = 15.290(9)A, c = 28.24(2)A, ;3 = 107.49(5 )0
, v = 7709(9)A 3 . 

A total of 6065 intensity measurements were recorded ( +h,+k,±l; 28 ~ 36°) 

using 8-28 scans at a constant scan speed of 6° /min with a fixed symn1etric scan 

width of 2.0° in 28. Stationary-counterf-crystal background counts were record ed 

for approximately 30 s before and after each scan. The integrated intensities were 

calculated in the following manner: I = R[C - T(B 1 + B 2 )], where R is the SC'an 

rate, C is the scan count, B 1 and B 2 are the background measurements, and Tis 

the ratio of the scan time to the total ba~kground counting time. Three check re

flections were remeasured after every 97 reflections; a 16% decay in intensity was 

observed and linear scaling was applied. No absorption corrections were made (M 

== 3.98 n1n1- 1
). Observational variances, 0'

2 (F~), were based on counting statis

tics plus a tern1, 0.02C, where C is the scan count. A.fter deletion of syste1natic 

absences , and averaging of multiple and symmetry-related reflections, the total 

number of unique data was 5331 of which 3411 were greater than 30'. 

Structure determination and refinement. Atomic scattering factors were 
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Table 1.14. Fractional coordinates ( Cr-P 10: x 105 ; P 11-P 16: x 104 ) and ther

mal parameters (Uii x 104 in A2
; Bin A2

) for {Cr((H)CHBA-Et)(py)2} 2 ·2py. 
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Atom X y & Uu u22 Us:~ ul2 U13 un 

CR 11295(07) - &517(07) 8SU(06) 186(06) 113(06) 837(07) 10(06) 64(5) 16(06) 
N1 69667(32 ) 10823(33) 8658(26) 339(32) S80(34) 197(35) ·126 (2 9) 124(2b) ·47(2 9) 
N2 73124(31 ) 3372(31) 659(3 0) 265(31) 847(33 ) 395(36 ) 14(26 ) 16(26) 29(2 9) 
C1 64166(41) 1804(41) 11777(38) 889(41) S43( 40) 605(46) 147(34) 134(37) 177 (3C) 
C2 71941(41) 1130(41) 0487(33) U5(41) 448(42) 103(37) 14(34) 114(32 ) 71 (34 ) 
CA 70844(37) 10902(41) ·16916(38) 210(36) U5(.f 0) 446(47) 18(32) &2(:13 ) U(S 7) 
CB 74682(39) 16074(42) ·0408{:16) 117(39) 404{42) 295(41) ·48{34) 33 (33 ) 8(36) 
cc 786:12(41) 25027(43) ·0896{39) 496(45) U3(41) U2(48 ) ·05{39) 38{3 9) 18(38) 
CD nuo(46) 28603(41) ·17404(42) 8H(56) lfl(44) 422(49 ) ·242(40 ) 58( 45) 12(39) 
CE 75426 (45) 2!983 (45) ·14869( 41) 619(47) 403(45 ) 439(49 ) · 161(39) 51(4 0) 74(3 9) 
cr 71402(41) 11371(42) ·144 15(36) t07{45) 113(43) 284(43 ) · !2(37) 24{36) 2(3 6) 
CG 16205(44) 22067(42) ·1229(36) 600(48) S27(45) 403 (47) 33{37 ) 75(3 9) 68 (S7 ) 
CH 46421(41) 20762(40) 1140(36) S64( 42) 112(40) IU(U ) 4(35 ) 73(35 ) 72 (35) 
Cl 12770(42 ) 27581(40) ·131(41) 104(47) 245(4:1 ) 573(51) ·.f2 (SC) 103(4 0) 15(38) 
CJ 49342{48) S5441(4S) ·4546( 41) 607(50) SU(45) 601{53) ·114(4 0) 174(43) 18 0( 3 \<) 
CK 39438(51) 16950(45) ·1717(44) 711(55) 138( 47 ) 743(60) ·1(4S ) 120(48 ) 107(43 ) 
CM 3S356 (44) 30360( 46) ·6055( 40) 528(48) 420(46) 622 (51 ) 57 (39) ·8(4 0) 135 (40 ) 
CL1 17390( 14) 43776{13 ) ·6682(13) 882(15 ) 447(12 ) 88 7( 16) ·2H ( 12) 230 ( 13 ) 167(13 ) 
CL2 66426( 15) 9575(13) ·33710(11) 1101 ( 17 ) 635(13 ) 359(12 ) ·206(12) 2b ( l1 ) ·2 (H') 
CLS 20907 (14) S2215(H) ·9724(H) 648 ( 15 ) &99(15 ) 1115(:l0) 118 ( 12) ·8(14 ) 155( 14 ) 
CL4 8429 0 (19) 19825(15) ·17726 (13) 1797(25) 682 (15 ) 63 9{ 16) -762 (16) 84 ( JC) 70 (13 ) 
COl 60146 (42) 11943(41) M35(S5) 426( 44 ) 298(41) 264(40) · 70(37) 70( 34 ) ·20 (34 ) 
01 44768 {23 ) UH(26) 7483 (22 ) 271(25 ) 133(26) S7b {26) -7(22 ) 87 (21 ) &1(23 ) 
C02 74540(38) 12631(44) ·817(38) 165(36) 647(48) 354 (45 ) t2 (S7) 34(33 ) 87(4 0) 
02 75709(26) 18864(27) 4845 (2 5) 437(26) 418 (29 ) 444(32 ) ·114(24 ) 104 (24 ) ·97(24 ) 
OS 66593 (25 ) 2596(26) ·17163(23 ) 380(27 ) 121(26) 864{28 ) ·80 (22 ) 15(2S ) 47(22 ) 
04 29613 (26) 16:148(26 ) 31(25) 384 (28 ) 420{2 9) 48 0 (30) 8(2S ) 72 (24 ) 156(25) 
NS 17277(31) 8807(31 ) 9527(31 ) 337(34 ) 320 (35 ) 471(SS ) ·28(27 ) 63 (29) 6(31 ) 
PI 15117 (45 ) 8244 (48 ) 16913 (44 ) 474 (48) 686( 57 ) 666(54 ) ·55( H ) 203 (43 ) · 56( 49) 
P2 5947(5 0) 10194(52) 17931 (50) 484(52 ) 805(63 ) 1050(72) 62 ( 49) 382 (50) ·34(54 ) 
PS ·1109(50 ) 12705{50) 11 049 {55) 479(54 ) 772 (6 2) 1131 (80) ·33{48 ) 296 (54 ) ·109{6 1) 
P4 1067(45) 13246(53 ) 34 09(50) 183(41) P03 (6C) 1018(73 ) 12 (H ) ·43 ( 46 ) ·91(5b ) 
P5 10367( 47) 1H22(47) 2823 (42) 486{49) 152(4 9) 6:18(54 ) 49 (42 ) 58 (43) 6( 4S ) 
N4 16361 (32 ) 17346 (34 ) 17424 {32 ) S:ZS (H) 371(35 ) 195(42 ) ·74(29) 165(31) ·3 9 (32 ) 
P6 32H O(H ) 25960( 48 ) 16536 (42 ) 638(4 8) 473 {48 ) 585 (54 ) &4(4S ) 111(42 ) ·ISO( 43 ) 
P7 365 96( 51) 33664 (49) 20997 (49) 691 ( 58 ) 483 (51 ) 964 (70) · 40 (46) 14 9( 52 ) ·2 64(5 1) 
PS H560( 52) 32600( 49) 26406 (48 ) 688 {57) &53 ( 53 ) 855(64 ) ·155 (49) 21 8( 49) · 29 6\ 51 ) 
P9 49699 (45 ) 2S713 (5S ) 2744 0 (4 0) 539(4 6) 736( 57 ) 461(53 ) ·56 (40) 197 (42 ) · 100( H) 
Pl O 44951(43) 16239{45 ) 22886{38 ) IP5(41) 600 (46 ) 462 (48 ) 3 (39) 150(S 9) ·5 (40) 

Atom X y z B 

pu• 1101 (06) 1651 {06 ) 1506 (06) 8.6(002 ) 
P12 480 (08) 1856 {07) 146 (07) 10.2(0 o3) 
PIS ·475 (08) 4064 (OS ) 788 (07) 11.2(0 03) 
PH ·718 (07) 3949 (08 ) 1548 (08) 10 o5(0 .3) 
P15 ·117 (1 0) 1687 (09 ) 2272 {08) U.5(0 o3) 

P16b 166 (07) 1564 {07) 1232 (06) 10 o4(0o3 ) 

4 Thla a.tom h 0.30 C a.nd Oo70 No 

bThh a.tom Ia Oo70 C and Ooi O N 0 
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taken from Stewart, Davidson. and Simpson 55 for H, and the International Tables 

for X-ray Crystallograph1f6 for all others. The positions of the osmium atoms 

were derived from a Patterson map, and the subsequent Fourier and difference 

Fourier maps indicated the locations of the remaining non-hydrogen atoms; the 

hydrogen atoms were placed at calculated positions 0.98A from their respective 

carbon atom and were not refined. The Gaussian amplitudes of the 11-oxo and 

the hydrogen atom coordinates (B = 2. 75 and 5.0A 2 ) and the population of the 

uncoordinated acetone molecule (set to 0.5) were not refined either. 

Full-matrLx least-squares refinement minimized the following function: 2:: w (r;
(Fc/k) 2 )

2
, w = 0'- 2 (F~). Subsequent cycles of least-squares led to the final val-

ues for R = { 2:: IIFoi-IFc/kii/IFol} = 0.111, Rscr (the R-factor calculated 

using only the reflections with F~ > 30' (F~)) = 0.076, and GOF = { 2:: w (F~ -
(F~/k)) 2 

/(no- np)} t = 2.03, where n0 is the number of reflections and np is the 

number of parameters. All atomic coordinates were in one block and the scale 

factor and the Gaussian ellipsoids were in the other. The final atomic coordinates 

and Gaussian thermal parameters appear in Table 1.15. 

Structure Determination of trans-Os( 77 4 -CHBA-Hl\fEt) (py )z · t H 2 0. 

Data. collection. A dark blue crystal (0.1x0.2x0.4 mm) was mounted on 

a glass fiber with epox-y. Oscillation and '\Veissenberg photographs indicated no 

symmetry; the space group was assigned P 1. The intensity data were collected on 

an Enraf-Nonius CAD-4 diffractometer with MoKa radiation(..\= 0.7107A) and 

a graphite monochromator. Lattice parameters were obtained by least-squares 

refinen1ent of the orientation matrix using 25 centered reflection (19° < 2B < 40° ): 

a= 9.959(2)A, b = 12.740(2)A, c = 15.028(2)A, o = 94.16(1) 0
, f3 = 76.74(1) 0

, 

1 = 63.48(1) 0
, v = I626.8(5)A3

• 

A total of 20518 intensity n1easurements were recorded for reflections in the 

entire sphere (28 ~ 50°) using w-28 scans at a scan speed of 4° /min* with a 

* The scan speed for weak reflections ·was slowed to make O'(l) /I = 0.02. 
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Table 1.15. Fractional coordinates (Os(A)-Cl(2D): x 105 ; O-H(46B): x 104 ) 

and thermal parameters (Ueq x 104 in A2
; B in A2

) for K2 [{0s(77 4-CHBA

Et )(OPPh3 ) } 2 OJ· iacetone·H2 0. 
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Label X y z Uaq 
·Os(A) 21549( 7) 5201( 8) 20862( 5) 330( 4) 
Os(B) 22403{ 7) -3081( 8) 32900( 5) 342( 4) 
K(A) 38656(36) -5101( 46) 28668(27) 584( 23) 
K(B) 92306(41) -16181( 47) 20055(31) 696( 25) 
P(lA) 21693{ 42) 7659( 52) G063(35) 457( 69) 
0(3A) 22183(93) D606(143) 14329(64) 619(139) 
P(lB) 26586(47) -7880{ 55) .f5200{35) 504( 28) 
0(3B) 23603(82) -7434(121) 39547(59) 404(141) 
Cl(lA) 41860(61) ~6022( 62) 27162( 42) 1072( 39) 
Cl(2A) 47787(44) 12102( 60) 25529{38) 754( 38) 
Cl(1B) 346i8(49) -20796( 59) 18321( 40) 856( 36) 
Cl(2B) 9253(62) -39454( 58) 15248( 44) 10~4( 42) 
Cl(lC) 37223{61) 40764( 55) 39150( 41) 984( 43) 
CI(2C) 47417(47) 8201( 61) 38329(37) 817( 38) 
Cl(lD) 17066(71) -49684( 57) 27331( 45) 1164( 55) 
Cl(2D) 39503(50) -26485( 57) 32344(39) 811( 34) 

Label X y z B 
0 2181(10) 70{11) 2669( 7) 2.80 
O(lA) 3240(10) 957(11) 2358{ 6) 2.95(0.43) 
0(18) 2542(10) -611(12) 1893( 6) 3.72(0.44) 
0(2A) 1714(11) 3057(14) 2466( 7) 4.71(0.51) 
0(28) 114(11) -807(12) 1566( 7) 4.63(0.50) 
N(lA) 1705(12) 1693(14) 2198( 8) 3.05(0.54) 
NOB) 1057(13) 134(15) 1780( 8) 3.48(0.56) 
C(IA) 901(17) 1568(18) 2136(11) 3.71(0.72) 
C(2A) 2083(15) 2411(18) 2389(10) 2.40(0.65) 
C(3A) 2904(17) 2497(19) 2453(11) 3.44(0.72) 
C{4A) 3146(16) 3361(18) 2538(10) 3.04(0.67) 
C(5A) 3889(19) 3505(21) 2617{12) 4.92(0.82) 
C(6A) 4423(18) 2878{22) 2648{12) 5.08{0.84) 
C(7A) 4154(16) 2056(1 9) 2538(10) 3.41(0.69) 
C(8A) 3414(16) 1816{18) 2451(10) 2.85(0.66) 
C{lB) 539(17) 917(19) 1705(11) 4.09(0.76) 
C(2B) 825(18) -650(21) 1689(11) 4.25(0.7 4) 
C(3B) 1343{17) -1406(20) 1714(11) 3.70(0.73) 
C(4B) 968(18) -2205(22) 1619(12) 5.22(0.84) 
C{5B) 1430(19) -2931(21) 1616(12) 4.90(0.82) 
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Label I y I B Label I 1 I B 
C(6B) 2169(17) ·2918(19) 1673(11) 3 .75(0.72) C(3SA) 3957(22) 639(24) 350(13) 6 .78(0.94 ) 
C(7B) 2493(17) ·2145(21) 1775(11) 4.02(0.75) C(36A) 3215(20) 729(22) 421(13) 6 .16(0.92) 
C(8B) 2160(19) ·1314{23) 1780(12) 5.28{0.87) C{41A) 1692(17) ·179(19) 678( 11) 8.5:2(0 .72 ) 
0(1C) 3249(10) 316(13) 3589( 7) 3.82(0 .45) C(42A) Q17(18) ·148(20) 590(11) 4.17(0 .77) 
0(1D) 2826(10) -1392(12) 3182( 7) 3.90(0.47) C(43A) 493(21) ·919(25) 454(13) 6.75(0 .99 ) 
0(2C) 1423{11) 2093(13) a616( 7) 4.42(0 .49) C(HA) 814(21) ·1663(23) 402(13) 6 .05(0.91) 
0(2D) •f41(13) ·2020(14) 2723( 8) 6 .02(0 .57) C(45A) 1563(21) -1715(23) 471(13) 6.33(0 .95 ) 
N(1C) 1663(13) 677(15) 3475( 8) 3.86(0.57) C{46A) 2015(19) -Q28(24) 611(13) 5 .84(0 .91) 
N(1D) 1223(13) -~2(16) 3084( 9) 4.08(0.60) C(21B) 1931(20) ·782(23) 4739(14) 6 .30(0.92) 
C(1C) 878{18) .f20(22) 3429(12) 5.60(0 .83) C(22B) 1Q95(20) -561(24) 5249(13) 6.65(0 .93) 
C(2C) 1852(18) 1528(22) 3567(12) 4.57(0.79) C(23B) 1296{26) -600(28) 5436(16) 9 .00(1 .16) 
C(3C) 2683{17) 1746(20) 3659(11) 3 .72(0.73) C(24B) 700(27) ·885(30) 5074(19) Q.90(1.32 ) 
C(4C) 2797(19) 26-46(22) 3725(12) 5.08(0.84) C(25B) 638(29) ·1186(32) 4601(19) 1106(1.44) 
C(SC) 3529(21) 2889(22) 3829(12) 5.83(0.91) C(26B) 1244(24) ·1150(25) 4420(14) 7.29(1 .03) 
C(6C) 4128{17) 2405(20) 384i{11) 3 .-49(0 .72) C(31B) 3155(17) 194(20) 4760(11) 4.25(0 .77) 
C(7C) 4020(17' 1521(20) 3788(11) 3 .65(0.73) C(32D) 3956(20) 162{23) -4998{13) 5.83(0.90 ) 
C(8C) 3293(17) 1158{20) 3676(11) 3 .49(0 .72) C(33B) 4322{21) 9-49(25) 5199(13) 6 .60(0 .98) 
C(ID) 640(19) ·253(22) 3039(12) 5.63(0.87) C(34B) 3915(24) 1748{26) 5121(1-4) .7 .76(1.06 ) 
C(2D) 1124{20) -1743(21) 2905( 12) 4.76(0 .81) C(35B) 3184(23) 1731{25) 4881(14) 7 .12( 1.00) 
C(3D) 1748{19) -2a73(21) 2976(11) 4.38(0.79) C(36B) 2766{18) . 996(23) 4694(12) 5.31(0 .8G) 
C(4D) 1507(181 -3267(22) 2846{12) 5.}9(0.84) C(41B) 3272(17' -1720(20) 4717(12) 4.09(0 .76 ) 
C(5D) 2014(19) -3918{20) 2870(12) .~.55(0 . 80) C(42B) 3372(20) ·2109(24) 5198{13) 6.14(0.92) 
C(6D) 2741(22) -3738(:.!4) 2975(14) 6 .78(0.98) C(43B) 3852{22) ·2803{25) 5388(14) 7.00(1.02) 
C(7D) 3001(18) -2893(21) 3099(11) 4 .36(0.78) C(.f4B) -4179(22) -3081(25) 5035(16) 7.51 (1.03) 
C(8D) 2495(17) -2188(20) 3059(11) 3.48(0.71) C(4SB) 4114(20) -2787(24) 4571(14) 6 .33(0 .94 ) 
C(2lA) 1695( 17) 1692(19) 489(11) 3 .70(0.73) C(46B) 3645( 19) -2050(22) .f416(12) 5.12(0.84 ) 
C(22A) 1514(18) 1611(21) -22(12 ) 4.66(0 .80) A{1A) 5312(16) ·1072(17) 3383(10) Q.08{0 .76) 
C(23A) 1223(22) 2324(27) -369(14) 7 .27(1.06) A{2A) 6083{31) -1177(37) 3582(19) 12.31(1.54 ) 
C{24A) 1173(22) 3040(27) ·130(15) 7.97(1.09) A{3A) 6147(2J) -2201(28) 3679(15) 9 .15(J.Hn 
C(25A) 1327(21) 3211 (24) 384(14) 6 .96(0.99) A{4..-\) 6393l27) -426(34) 3651(17) 12.20(1 .44 ) 
C(26A) 1684( 19) 2463(23) 755(12) 5.37(0.88) A(JB) 8152{32) -136(3i) Q48(20) Q.53(1.58) 
C(31A) 3081(16) 660(19) 850(12) 4.19(0.73) A{2B ) 8257(46) .f62(51) 526{27) 9 .09(1 .80 ) 
C(32A) 3680(23) 455(26) 1 255(14) 7.36{1.00) A{3B) 8843(32) 679(35) 816(19) 4.26(1 .27 ) 
C(33A) 4381(23) 398{27) 1214(15) 8.20(1.06) A(4B ) 7592(31) 876(34 ) 791( 19) 3 .81{1 .33 ) 
C(M.-\) 4508(19) 434(22) 774(13) 5.96(0.86) \\' 1193(28) 3940(32) 1488{18} 13.28{1.64) 

Label I 1 I B Label I y I B 
8 (1 A ) 8-46 1334 24-49 5.00 II(MA) 5013 302 756 5.00 
B(lA ') 647 2134 2066 5.00 R(3SA) 4050 725 28 5.00 
8 (4A ) 2802 3843 2539 5.00 B(36A) 2788 842 124 5.00 
B(6A) 4Q63 3006 2745 5.00 B(42A) 667 408 622 s.oo 
B(1B) 496 1195 1386 5.00 8(43:\) -52 .g()2 392 5.00 
B(lB ' ) 45 738 1719 5.00 8(44A) 507 ·2193 311 5.00 
B (4B) 432 -2259 1564 5.00 B(45A) 1796 -2269 432 5.00 

B(6B) 2447 ·3449 1648 5.00 H(46A) 2552 -~5 647 5.00 
B (1C) 863 169 3i45 5.00 B(22B) 2439 -369 5481 5.00 
B(lC ') 558 927 3344 5.00 B(23B) 1302 ..as 5771 5.00 
B (4C ) 2392 3067 3693 5.00 B(2.fB) 232 -887 5164 5.00 
8 (6C ) 4626 2666 3899 5.00 B(25B) 163 -1419 4399 5 .00 
Bl1D) 530 37 2712 5.00 B(26B ) 1204 ·1362 4084 5.00 
8(10 ') 179 -528 3065 5.00 8(328) 4241 -387 5018 5.00 
B (ill) Q71 -3405 2735 5.00 B(33B) 4854 949 5390 5.00 
B t6DJ 3099 ·4208 2967 5.00 B(34B) 4166 2303 5244 5.00 
8 (22.-\ ) 1571 1037 ·164 5.00 B(35B) 2919 2288 4834 5.00 
H(23A) 1096 2281 -731 5.00 B(36B) 2226 1023 4528 5.00 
8 (24.'. ) 984 3550 -347 5.00 B(42B) 3070 ·1883 5399 5.00 
8 (25.-\ ) 1217 3783 '502 5.00 B(43B) 3952 -3037 5730 5.00 
B(26A ) 1876 2521 1116 5.00 B(44B ) 4508 -3587 5138 5.00 
B (32A) 8581 324 1570 5.00 B(45B) 4379 ~4 4360 5 .00 
8 (33.-\) 4804 S35 1518 5.00 B(46B) as~ -1785 .001 5.00 
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variable scan width.§ Background counts were recorded before and after each 

scan. The integrated intensities were calculated in the following manner: I = 

R[C - T(B)] , where R is the scan rate, Cis the scan count, B is the averaged t 

background measurement, and T is the ratio of the scan time to the total back

ground counting tin1e. Three check reflections were remeasured after every 10000 

seconds. No decay was observed and no absorption corre~tions were applied. 

Transformation of the unit cell resulted in the following lattice paratneter~ : a = 

9.959A, b = 12.173A, c = 15.079A, a = 105.28°, (3 = 76.74°, and 1 = 110.53°. 

Averaging of multiple and symmetry related reflections and deletion of SPveral 

poorly n1easured reflections resulted in 9048 unique data; 5690 were greater than 

30'. 

Structure determination and refinement. Atomic scattering factors were 

taken from Stewart, Davidson. and Simpson 55 for H, and the International TableB 

for X-ray CryBtallography56 for all others. The positions of the osmiu1n atoms 

were derived fron1 a Patterson map, and the subsequent Fourier and difference 

Fourier maps indicated the locations of all non-hydrogen atoms. Hydrogen ato1ns, 

except for those on the hydroxy and methoxy groups and the uncoordinatE-d wa

ter molecule, were placed 0.98A from their respective carbon atom, in idealized 

positions, and were not refined (B = 4.0). The population of the uncoordinated 

water n1olecule was set at 0.25. 

Full-tnatrix least-squares refinement minin1ized the follo·wing function: :-[ w (r;
(Fc/k) 2 )

2
, w = 0'- 2 (F~). Several cycles of least-squares led to the final values 

for R = {I: llFoi-IFc/kli/IFol} = 0.100, R3a (the R-factor calculated us-

ing only the reflections with F~ > 30'(F;)) = 0.072, and GOF = { L w (F; -

(F~/k)) 2 
/(no -np)} i = 2.14, where n0 is the number of reflections and np is the 

number of parameters. All atomic coordinates were in one block and the scale 

factor and the Gaussian ellipsoids ·were in the other. The final atomic coordinates 

§ Omega scan angle = 0.8 + 0.35tan0. Horizontal aperture (mm) = 2.0 + 
l.OtanO. 

t Averaged for each degree in 20. 
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and Gaussian thermal parameters appear in Table 1.16. 

Structure determination of trane-Os(HBA- T!\fl)2 Cl2 · 2D!\1F. 

Data collection. A crystal, roughly a cube 0.30 mn1 on a side, was mounted 

on a glass fiber with epoxy. The intensity data were collected on a loeally modified 

Syntex P21 automated diffractometer with MoK0 radiation ( ,.\ = 0. 7107 A) and 

a graphite monochromator. 

Unit cell paran1eters were obtained by least-squares refinement of the ori

ent at ion Inatrix using 10 centered reflections in the range 13° < 2() < 24 o: 

a = 10.324(23)A, b = 10.598(12)A, c = 16.783(17)A, f3 = 107.67(13) 0
, v = 

1750( 5 )A 3 , Z = 2. The systematic absences led to the assignment of the spa~e 

group P21 /c (OkO: k =odd, hOI: 1 ~odd, hkl: none). 

A total of 4 744 intensity measurements were made in the range ( 4.0° < 2() < 

56.0°) using {}-2() scans at a constant scan speed of 4.88° /min and a fixed sym

metric scan width of 2° in 2(). Background measurements were recorded for a 

time interval equal to half the scan time before and after each scan. The inte

grated intensities were calculated in the following manner: I = R[ C - T(B 1 + 

B 2 )], where R is the scan rate , Cis the scan count, B 1 and B2 are the background 

measuren1ents, and T is the ratio of the scan tin1e to the total background count

ing time. Three check reflections were remeasured after every 97 reflections. A 

decay of 8){ was observed; the data were scaled accordingly. Absorption correc

tions were not applied (It = 40.6 cm- 1 ). Observational variances, 0'
2 (F~), were 

based on counting statistics plus a term, 0.02C, where C is the scan count. Aft er 

deletion of systematic absences, and averaging of multiple and symn1etry-related 

reflections, the total number of unique data was 3448 of which 2041 were greater 

that 3a. 

Structure determination and refinement. Atomic scattering factors were 

taken from Stewart, Davidson. and Simpson 55 for H, and the International Tables 

for X- ray Crystallographif6 for all others. The positions of the osmiurn at oms 

were derived from a Patterson map, and the subsequent Fourier and difference 
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Table 1.16. Fractional coordinates (Os-P10: x 105 ; ~'-HP10: x 104 ) and 

thermal parameters (U ij x 104 in A 2 ; B in A 2 ) for trans-Os ( 77_. -CHBA-H!\1Et )

(py)2 · tH20. 
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Atom X y Uu U22 Uas un U1s U2s 

OS 22623(05) '7817( 04) 16342(03) 121(02) 188(02) 110(02 ) 103(01 ) ·H8(02) 81( 01) 
CL1 a4062 (4o) ·25322 (26) 10523(25) 1008(27) 613(17) 7S6(2S) 468(18 ) ·517(21) ·11 ( 15 ) 
CL2 56408(33) !2246 (28 ) 4'7660(24) 606(19 ) '742(20) 690(23) 39(16) ·847 (17 ) 340( 17 ) 
cu ·'7133(61) ·56658(26) 11188(35) 1966(50) 160(16) 1225(38 ) 111(22) ·1050(36 ) 18 (16) 
CL4 '76324( 42) 64884 (27) 8'7582(30) '782(26) 411(17) 980(31) ·11S(17) ·898(24) 67 (1 7) 
OJ 14461(69) -n29(49) t'70H(U) 8'79(42) 198(81) tU(39) 94(29) ·1'79(34) 87 ( 2 ~) 

02 14270(66) 1'7064(52 ) 16570(48) 184(39) 173(34) 118 (41 ) ·16(29) ·203(33) 32 (29) 
OS ·4026(87) ·U471(.56) 6966(56 ) 683(56) 117(37) 1'73(5.5 ) 73(3 7) ·44 0(47) '75(34 ) 
04 18.566(108) 42374 (6 7 14252(84) U2(S6) 173(36) 1448 (93) 36(39) ·842(67) 283 (45) 
05 1'7287(75) 9961(.56) U9S(4 9) 448(39 ) 408(39) 357(43 ) H7 (34 ) ·97 (36) 167 (32 ) 
06 ·4335(74) 18909(59) 15228(55) 172(43 ) 458(41) 118(50) U9(S5 ) ·7.5(38) 95 (35 ) 
N1 10304 (7.5 ) ·15(65) 16362(.53) 152(39) t5S (45) 142 (43 ) 43(34 ) ·118 (34 ) 8.5 (35) 
N2 21179(78 ) 21609 (6 3) 14081(.53 ) 131(42) 169(41) 187(U ) 125 (3.5) ·65(35) ·98(34) 
C1 176.54 (1 11) ·18232(78) 227.54(67) 4.58(64) 166 (48) 136 (.54) 1ll4 (4i ) ·27(4~) 87 ( 40) 
C2 10670( 129 ) ·28012(64) U017(75) 677(79) 199(.51) U7(62 ) 22.5 ( .53 ) ·193(5 \--) 43 ( 45) 
C3 13100(147) ·39810(88) 20467(92) 901(100) 193(.56) 6'79(8 9) 293(61 ) ·371(79) 26 (5 4) 
C4 2732(150) ·41973(62) 1.51n (91) 9SS(102 ) 194 (46 ) 601 (6 4) 136( .57 ) ·446(79 ) · 37( 46) 
C5 · U8 (131) ·32772(67) 13037(83) 673(81) 196 (.54 ) 494 (73 ) 113(.54 ) ·339(65) 87 (49) 
C 6 '7193 ( 102 ) ·20839 (7 6) 16583(69) 131(56) 2.59 (46 ) 110(57 ) 86( 43 ) ·96 (47) 76 ( 41 ) 
C 7 4247 ( 105) · 11706 (80) 13096(70) 128(.58 ) 113(.51 ) 834(.58 ) 113 (4 5) ·136 (46 ) .57 (42 ) 
C6 '7.513 (103) 84 05(7.5) 120H(7S) 320(.56) 2.53 (4.5 ) 896 (63) 96( 41 ) ·192(5 0) 48 (41 ) 
C9 9120( 102) 20287 (78) 19142 (72) 302(.56) 103 (.5 0) 186 (63 ) 104 ( 4.5 ) ·145(49) HS (45) 
C1 0 19927( 109) 83927 (6 3) 263.5 0(83) 142(60) 277(52) 598 (76 ) '73 ( 46) · 172 (.5 6) 1.55 ( 49) 
Cll U970( 111) 16186(61 ) 11699(78) 861(61) 186(.51) 449(70 ) 94 (46) ·173(.54) 26 (46) 
C17 624.50( 127) 4'7587 (8 3) 32308(87) 562(77) 242(.5 0) 564 (79) 81(.51 ) ·222(65) 70( 49) 
CIS 63500( 116) 50'740(89 ) 3'7131 (86) 12.5(64) 823 (.58 ) 189(81) ·31(49) ·120(.59) 42 (5 3) 
CH 64687 (115) 43282 (96) no8 9( 89) 191(62 ) 523 (70) 566 (82 ) 52(54 ) ·138.56) .51(5 9) 
C15 64642 ( 110) 320.56( 82 ) 41674(76 ) 1.59(60) 330(.53 ) 417 (66) 62(45 ) ·24.5 ( .5~ ) 3 ( 4.5 ) 
C1 6 43 090(99) 2793 0(60) 36637 (67) 196(50) 133 (5 2 ) 282 (.H ) 61 (42 ) · 58 ( 47 ) 36( 41 ) 
CM E · 5979 (162 ) 2~626(117) 30962 (106) 890 (107) 656 (8b) 673 (99) 532 (8 3 ) 105(b 4) 2 6(7 2) 
PI\ 1 413 9(6 3) 5925 (5 7) 362'74(55 ) 368(4 9) 165 (34 ) 333 (46 ) 102 (33 ) ·148 (40) 79 (32 ) 
P1 3687(119 )1 33997(100) 441 04(78) 377(65 ) 613 (72 ) 317(62 ) 133 (66) ·76(.53) 26 (53} 
P2 ·802.5 (146) 138.59(108) 50712 (9 2) 629 (66) 653 (8 2) 448 (79) 161(70) ·164 (72 ) 15 (6 2) 
Ps ·20704 (124 ) 426 6( 100) 4979 7(85) 476 (H ) 684 (74 ) 4.51 (76) 259 (62) 36 (62) 236 (61) 
P4 · 20682 ( 173) ·4302(96) 42047 (89) 194(69) HS (66) 5.54 (80) 49(5 5) 5(6 2) 147 (57) 
PS ·8192(127) · S087( 93) 3.5551 (79) 640(76) 4.56 (6 4) 363 (66) 179 (5b) ·1:1 (59) 72 (51) 
Pl\2 42.551 (8 3) 9954 (57 ) 17644(5.5) 349(47 ) 171 (3.5 ) 126 (46 ) 103 (33 ) ·13:1(.59) 64 (31) 
P6 466 00(11 4) 14903 (95) 1008 3(8 :1) 327(61) 518 (66) 423(71 ) 151 (.57) ·23(55) 120(54) 
P7 6022.5 (133) 16680( 104) 6062 (89) 499(78) &.52 (79 ) 478(80) 218 (65) 11 6(6 4) 264 (63) 
P8 '70530(1 40) 1333 1(1 10) 1752 (10 4) 467 (81 ) .594 (80) 698 ( 101) 265 (67) 106 (73) 67 (7 0) 
pg 66212 (136) 8290{11 9) 1.5269(99) 499(83 ) 86.5 (9 4) 597(91) 382 (7 4) · 9.5 (7 7) 23 6(73) 
PI O 5298 0( 106) 6670( 104) 19807(66) 274(.5 6) '7U (82) 529 (79 ) 3:14 (.57) ·15 (53) 2 03 (6 3 ) 

Atom X 1 • B 

w t&14(H) 5204 {33) 9846(31) 6 .3( 0.9) 
H3 1625 ·4642 2179 4 .0 
B.s ·'74 0 ·3457 89 8 4 .0 
H 8 ·277 52 9 1036 4 .0 
B 9 1131 2712 1620 4 .0 
H17 1167 5333 2 912 4 .0 
BH 1247 4.56 6 4.58 6 4 .0 
BP1 12.56 2 062 452 0 4 .0 
BP2 ·165 2 045 .56H 4 .0 
HP3 ·2929 377 .5f 60 4 .0 
BP4 ·2930 · 1126 41 02 4 .0 
HP 5 ·842 ·936 2 993 4.0 
HP6 S9 55 173 1 808 4 .0 
HP7 62 76 20:15 ·4:1 4. 0 
H P6 60 40 14.56 43 0 4 .0 
HP9 '7304 66 0 1742 4 .0 
BPI O .5 035 2 77 251 7 4 .0 
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Fourier maps indicated the locations of the remaining non-hydrogen atoms; the 

hydrogen atoms were placed at calculated positions 0.98A from their respective 

carbon atom and were not refined. 

Full-matrix least-squares refinement minimized the following function: I: w (F~

(Fc/k) 2
)

2
, w = u-2 (F~). Twenty percent of the data from the inner shell (20 < 

32°), based on the nun1ber of unique data,were then excluded due to crystal ab

sorption. Subsequent cycles of least squares using the remaining 2692 reflections 

( 1411 greater than 3u) led to the final values for R = { L IIF o I - IF c /kll I IF o I} = 
0.111, R 311 (the R-factor calculated using only the reflections with F~ > &i (F~)) 

2 }l. = 0.056, and GOF = { L w (F~ - (F~ /k)) I (no - np) 2 = 1.36, where n 0 is the 

number of reflections and np is the nun1ber of parameters. All atomic coordinates 

were in one block and the scale factor and the Gaussian ellipsoids were in the 

other. The final model with all the data gave R = 0.095, R311 = 0.065, and GOF 

= 3.49. The final atomic coordinates and Gaussian thermal parameters appear 

in Table 1.17. 
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Table 1.17. Fractional coordinates (Os-S01: x 105 ; H1- H16: X 104 ) and 

thermal parameters (Ueq X 104 in A2
; Bin A2

) for trans-Os(q 2 -(H)HBA-Tl\11)2-

Cl2·2D~fF. 
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s z. I £H. - -
Ot ~0) 0(0) 0(0) 282(1) 

Cl -m2(36) 1821(27) -13043{16) 410(4) 

01 188S.(82) 147(174) -IS8(S8) 445(12) 

Nl 4040(103) 1T8Q1(8-4) ~3(50) 121(12) 

N2 13139(114) 16724{87) . TD91(64) JS3{14) 

C1 15277(125) 104~~2) -2452(71) 1«(16) 

C2 35945(133) 8622{139) -5987(QS) 446(21) 

C3 43525{163) 18152(152) -T481(116) IOS{2.f) 

c. 40846{177) 10748{145) -5723(100) 487(23) 

C5 30883(158) 32605(124) -1834{84) 427(1;) 

C6 22775(125) 22907(;8) -176(65) 833(15) 

C7 12957(130) 25-411(;2) 4353(61) 333(15) 

C8 543-t(142) 3617S{1lg) 13835{70) IG5(18) 

cg -1667(152) 484~9(117) 14-481(91) 508(23) 

C10 15810(212) 12716{205) 22623(98) 572(30) 

C11 -4.(50(115) 24845{gg) 0856(66) 129{1-4) 

C12 -8410(182) 17055(151) 16444(86) 487{22) 

C13 -17524{153) 29720(145) 2982(107) 480(24) 

SCI 56305(435) 26824(246) 18848(214) 123(56) 

SC2 43253(278) T394(244) 20067(1;5) 134(50) 

SNl 55277(200) 15685{165) 23607(92) 572(27) 

SC3 &4237(152) 18087(153) 10667(125) 535(25) 

SOl 13601(214) 1618{127) 8506S{115) .e(28) 
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Bl 1716 -48 -T66 
B2 1108 IS7.C -187 

B3 4631 1777 -870 

B4 mo 4157 -8 

BN 183fd f.c35 T36 
BS 483 5.c57 1775 

B6 -562 5175 169 

B7 -818 4739 18G3 

B8 1139 25.c4 2527 

B9 1747 3946 2640 

BIO 2375 2897 2177 

Hll -1876 1502 1453 

BI2 -896 868 1729 

Bl3 -672 2117 2190 

B14 -1523 8692 Q 

815 -2126 2288 -104 

B16 -2.C76 1231 S.C9 
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Chapter 2 

A Survey of the Organometallic Chemistry 

of Osmium Tetraoxide. 
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Introduction 

The chemistry of oxidants and inorganic/organometallic compounds has con

tinued to be an area of active interest for the past several decades. 1 The emer

gence of organometallic chemistry in the late 1950,s and 1960's has led to the 

characterization of oxidative addition reactions, e. g., the reaction of methyl io

dide or molecular oxygen with trans-IrCl( CO )(PPh3 )2 2 ,s (Figure 2.1). Studies 

of metal-based inner- and outer-sphere electron transfer processes have grown in 

importance stemming from their applicability as model systems of biological and 

biochemical phenomena.-f Currently, advances in both oxidation chemistry and 

inorganic/ organometallic chemistry have facilitated studies on the reactivity of 

classical oxidants, e.g., iodosylbenzene, organic peracids, and osmium tetraoxide, 

with low valent transition metal complexes. 5 The goals of these investigations 

are to better understand the reactions available to this class of oxidants and to 

ultimately develop selective oxidation reactions for organometallic synthesis. 

lodosylbenzene has recently been shown to perform several fundamental 

oxygen transfer reactions. The utility of this reagent as an oxidant of organic 

substrates via transition n1etal co1nplexes has been den1onstrated .6 In many in

stances, the oxidized transition metal con1plex is the active reagent for the ox

idative transfonnation of the organic species. Groves 7 has characterized seY

eral reactive high valent chromiun1-oxo-porphyrinato con1pounds derived fron1 

iodosylbenzene oxidation of lower valent species. The oxidation of coordinated 

ligands by o:x·-ygen aton1 transfer reactions has a number of precedents. For in

stance, Gladysz has produced the rare fonnaldehyde ligand8 in the compound, 

[CpRe('7 2-CH2 0)(NO)(PPh3 )]PF6 , by treating the cationic methylidine com

plex, (CpRe( =CH2 )(~0 )(PPh3 ) ]PF 6 , with iodosylbenzene in dichloromethane 

( -23° C).9 

There are many reagents such as iodosylbenzene where the fundan1ental 

reaction chemistry with inorganic/organometallic complexes remains to be in

vestigated. Studies of the fundamental reactions of n1etal-oxo compounds '":ith 

low valent organometallic complexes are very rare. There is, however, an obvi-
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Figure 2.1. Oxidative addition reactions of methyl iodide and molecular oxygen 

with Va.ska's complex, trans-IrCI(CO)(PPh3)2. 
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ous conceptual connection, since it is clear that reactions between the two types 

of molecules will occur. Oxidations by osmium tetraoxide have been exrunined 

by our group. One can conceive of several possible n1odes of reactivity for this 

reagent with low valent organometallic complexes by drawing analogies with the 

osmium tetraoxide oxidations of alkenes, which have been studied in some detail. 

Oxidation of 2,3-dimethylbut-2-ene with osmium tetraoxide results in the 

forn1ation of dim eric n1onoester complexes, t syn- and anti-Os2 0 4 ( 0 4 C6 H 12 )2 

(Figure 2.2a,b); the anti form has been isolated and structurally chara.cterized. 10 

In the presence of nitrogenous bases, e.g., pyridine, monomeric diolatodioxo

bis( amine )osmium(VI) ester complexes (Figure 2.2c) are formed. 10 The infrared 

spectrum for this monomeric compound shows strong bands near 840 cn1- 1 as

signed to the asymn1etric stretching vibration, vas ( Os02 ); the dim eric complexes 

exhibit strong bands near 980 cm-1 assigned to the Os=Oterminal stretching 

mode. 

Until recently, the mechanism of alkene oxidation was thought to involve 

direct oxygen attack at the carbon-carbon double bond via the familiar six-IT

electron cyclic transition statell (Figure 2.3a). Sharpless12 in 1977 proposed an 

alternative 1nechanisn1 in which the alkene attacks the electron-i1npoverished os

miunl center, t to fonu, via an 17 2 -alkene con1plex, an asym1netric four-n1en1bered 

cyclic intennediate (Figure 2.3b ); the interrnediate subsequently rearranges to 

the observed five-membered cyclic ester. The experimental data can be ration

alized for either mechanisn1; the ~~Sharpless intennediate" has not, as yet, been 

observed. 13 

Based on these organic oxidations, plausible reaction pathways for inorganic/

organonletallic systems range from a sin1ple dative interaction ( cf. the first stage 

of the Sharpless mechanism) to a formal oxidative addition of the osmiun1 tetraox

ide (Figure 2.4a,b,c). Oxidation of two molecules by one electron or oxidation 

t Secondary substitution reactions result in the forn1ation of diester and tri
nuclear osn1ium con1plexes. 

+ This reaction is similar to nucleophilic attack of organic carbonyls. 
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Figure 2.2. Structures of characterized osn1ium(VI)-oxalato complexes. 
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Figure 2.8. Proposed mechanisms for the oxidation of alkenes by osmium tet

raoxid e. 
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of dimeric con1pounds may produce trinuclear complexes with the 0 - 0s( 0 )z -0 

moiety bridging the two metal centers (Figure 2.4d,e). Oxidation of coordinated 

ligands may also be possible. 

The reactivity of osmium tetraoxide with trans-IrCl( CO) (PPh3 )2 has re

cently been investigated; 14 the results were not totally as expected. In the pres

ence of t-bu tylpyridine attack of both the iridium center and the coordinated 

carbonyl ligand was observed. The dinudear complex, formed in this reaction , 

contains what is formally a 11-carbon dioxide moiety bridging the iridium and 

osmium centers. An X-ray crystallographic structure determination was under

taken on a derivative of this product , viz. [(PPh3 ):z(4-t-Bupy)(t-BuNC)Ir(JJ.-0)

(1J-C(OCH3)0)0s02(4-t-Bupy)2](Cl04}2 (Figure 2.5), to support this unusual 

result , which was unambiguously characterized by spectroscopic methods. 

This is the first well characterized example of bridging 77 2 -C02 coordina

tion. Other modes of carbon dioxide coordination are known. Herskovitz15 has 

examined a series of rhodium and iridiun1 complexes which exhibit an unprece

dented 77 1 -~1-C0 2 structure, e.g., Rh(diars)2Cl(C02) (Figure 2.6a). Lappert 1G 

and Aresta 17 have characterized 77 2-C02 con1plexes in which the carbon and 

ox·ygen aton1s are coordinated to the same metal (Figure 2.6b,c ). Coordina

tion to all three atoms has also been discovered. Floriani18 has reported the 

synthesis of a polyn1eric cobalt con1plex in which the potassiun1 counterion int er

acts strongly with both oxygen aton1s (Figure 2.6d). Several osmiun1-carbonyl 

clusters also bind carbon dioxide; 19 the 7] 8 -C02 bridges two cluster units (Figure 

2.6e). Beck2 0 has characterized an unusual p.8-C02 bridged di1ner, {(C0)5R.e(p 8
-

C02 )Re( CO )4 } 2 (Figure 2.6f). 

The 77 2-C02 structure, bridging two metal centers, has been proposed pre

viously. Floriani21 treated { CpTiC1} 2 with C02 (10 atm, 90°C) and recovered 

{CpTiC1} 2 0 and CO (~90%); the suggested reactive intermediate was the 11-C02 

complex, CpC1Ti(J.L-C02 )TiC1Cp. A preli1ninary co1nmunication on a rhodiun1 

complex,22 (PPh3 )3Rh2 (CO )2 ( C02 )2 , report ed three bands attributable to the 

coordinated C02 ligands (1600(s) , 1355(s), 825(w) cm- 1 ) ; cf. the spectrum of 
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Figure 2.4. Plausible reaction pathways for the interaction of osmiu1n tetraoxide 

with low valent organometallic complexes. 
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Figure 2.5. ORTEP view of [ (PPh3 )2 (4-t-Bupy){ t-BuNC)Ir(p-0 )(11-C( OCH3 )0 )

Os02 ( 4-t-Bupy)2]+2 • For clarity, the t-butylpyridine molecules are represented 

by their respective nitrogen atom and the phenyl rings are represented by the 

carbon aton1s attached to the phosphorous atoms. 
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Figure 2.6. Characterized coordination modes of carbon dioxide to transition 

metals. 
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(PPh 3 }2Cl(4-t-Bupy)Ir(IJ-0)(tL-C02)0s02{4-t-Bupy)2 (1593(s), 1022(s) cn1- 1 ). 

The C02 bonding mode is not known. Bridging J1-C0 2 coordination is a possible 

structure for this molecule. An interesting alternative is a structure in which the 

two carbon dioxide molecules dimerize in a head-to-tail fashion, as was found 

for IrCl( C20 4 )(PMe3 )3 23 {Figure 2. 7); the infrared spectrum for this compound, 

however, exhibits n1any more bands (1725(s) , 1680(s), 1648(s), 1605(s), 1290(s) : 

1005(m), and 790(n1) cm- 1 ). 

Another mode of reactivity was also found. The reaction of osmium tetraox

ide and trans-IrCl( CO) (PPh 3 h in the absence of nitrogenous bases14 resulted 

in the formation of a partially characterized complex in which the coordinated 

carbonyl ligand was not oxidized. Based on infrared data and the stoichiometry 

of the reaction, two structures have been proposed as shown in Figure 2.8; the 

second structure is thought more reasonable. Few other details are known. 

The initial work on the organometallic chemistry of osmium tetraoxide in

spired the investigation presented below. Several unanswered questions invited 

additional study: Could other organometallic substrates be cleanly oxidized by 

osmium tetraoxide? \Yas attack at the coordinated carbonyl ligand a general 

rea{:tion? Could it be extended to nitrosyl, thiocarbonyl, and isocyanide cOin

plexes? \Yere there other n1odes of reactivity available to os1niun1 tetraoxid e? 

An X-ray structural study of an authentic 11-C02 con1plex was also warranted. 
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Figure 2.7. Structure of IrCl(C2 0 4 )(Pl\1e3 )3. 
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Figure 2.8. Proposed structures for the reaction products of osmium tetraoxide 

and trans-IrCl( CO )(PPh3 )2 in the absence of nitrogenous bases. 
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Results and Discussion 

Several low valent organometallic complexes have been examined. Treatment 

of Ru(C0) 3 (PPh3 )2 or Os(C0) 3 (PPh3 )2 with the stable quinuclidine adduct 

of osmiun1 tetraoxide afforded yellow complexes containing the bridging carbon 

dioxide moiety (Figure 2.9). This formulation was supported by the appearance of 

strong infrared bands attributable to C=O and symmetric and asymmetric C:=O 

stretching n1odes. Interestingly, the positions of these bands were dependent on 

the method of isolation. The dinuclear products precipitated spontaneously on 

mixing the reactants in benzene (Ru: v(C:=O) at 2025, 1973 cm- 1, v(C=O) at 

1551 cm- 1 ; Os: v(C:=O) at 2015, 1952 cm- 1 , v(C=O) at 1550 cm- 1 ) or it was 

isolated from dichloromethane by addition of hexanes (R u: v( C:=O) at 2009, 1973 

cm- 1 , v(C=O) at 1602 cn1- 1 ; Os: v(C:=O) at 2000, 1934 cn1- 1 , v(C=O) at 1550 

cm- 1 ). Note that there is a 50 cm- 1 solvent-dependent difference in v(C=O). 

Both forn1s were analytically pure and could be interconverted. Solid-state 31 P 

NMR spectra of the two ruthenium compounds (Figure 2.10), were found to be 

different, yet consiste_nt witL trans phosphines; t solution 31 P NivfR spectrun1 

( CD 2 Cl2 ) of the analogous osmiun1 con1plex exhibited one singlet ( 6 = -0.7 4). + 
The structural differences between the two forms is n1ost likely due to solid 

state effects. The subtle changes are not known. A. discrete dinuclear complex 

(v( CO) at 1602 cm- 1 ) and a weakly bound di1ner /polymer {Figure 2.11 b) in 

which the carbonyl oxygen coordinates weakly to the five-coordinate os1niun1 

center (v( CO) at 1550 cn1- 1 ) is a possible assignment. However, the infrared 

bands for Beck's 113-C02 complex20 {Figure 2.6f) are much lower (v(C02 ): 1380, 

1295, 1260 c1n- 1 ). 

The stability of these complexes is thought to be kinetically rather than 

thermodynamically controlled. Free carbon dioxide has been found to coordinate 

t Some broadening was observed, but this is not unconunon with solid-stat r 
81 P Nl\·fR spectra.24 

~ The scale (6) is relative to external H3P04 . 
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Figure 2.9. Proposed structures for the reaction products of Os0 4 (NCiH13 ) 

with Ru(C0)3(PPh3 )2 and Os{C0)3(PPh3 )2. 
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M = Ru, Os 
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Figure 2.10. Solid-state ~ 1 P :NMR spectra of (C0)2(PPh3 )2Ru(tt-0)(1J-C02 )-

0s02 (N C7 H 13 ) fro1n CH2 Cl2 ( spectrun1 CIT -A) and from benzene ( spectrun1 

CIT-B). 
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Figure 2.11. Possible structures for (CO )z (PPh3 )zRu(11-0 )(11-C0 2 )Os0 2 (~CiH 1 3 ) 

from CH2 Cl1 (a) and from benzene (b). 
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M : Ru, Os 
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only to electron-rich metal centers (vide supra). However, osmium tetraoxide 

oxidation of the carbonyl ligand in essence traps the C02 moiety between the ox

idized organometallic center and the osmium(VI) center. Decomposition of this 

complex therefore depends on the lability of this J-L-C02 group. The iridiunl(III)

osmium(VI) complex, (PPh3 )2 ( t-Bupy)Cllr{JL-0) (11-C0 2 )Os02 ( t-Bupy) 2 , stud

ied by Audett and Collins, 14 was found to be stable in solution, which is in 

keeping with the propensity of iridium(III) complexes to be very inert to substi

tution. The osmium(II)-osmium(VI) complexes, described here, were only stable 

in solution for several days, and the ruthenium(II)-osmium(VI) complexe~ were 

stable for less than one hour. This is consistent with the greater lability of ligands 

coordinated to ruthenium(II) compared to osmium(II) metal centers. 

The decomposition of (C0)2(PPh3 )2Ru(J1-0)(J-L-C02)0s02(1\CiH13 ) in di

chloromethane was investigated. A Toepler experiment on a sample stirred for 

24 hours under vacu urn recovered approximately 1 equivalent of C02; the dark

brown inorganic material was not fully characterized. Infrared spectroscopic 

evidence indicated it contained bound carbonyl ligands. No bands attributable 

to mono- or dioxo osmium compounds were found; the formation of polyn1eric 

osmiun1 oxides was likely. Repeating the experiment in the presence of ex

cess pyridine also resulted in the formation of carbon dioxide; infrared spec

tra of the inorganic residues showed that the very stable dimer, (py )2 Os02 (p

O)z0s02(py)2, was also formed. If the decon1position of (CO)z(PPh 3 )2Ru(p-

0)(Jl.-C02)0s02{NC7H13) was carried out in the presence of CS 2, no new prod

ucts were forn1ed, e.g., the COI11plex where the cs2 replaced the bridging 7j 2-C02 

moiety. 

An unusual tetranuclear complex {Figure 2.12) was obtained on n1ixing so

lutions of osn1ium tetra.oxide and Ru(CO)s(PPh3 )z (each in benzene). Attack at 

the ruthenium center and the coordinated carbonyl ligand was observed. Strong 

carbonyl bands appeared in the infrared spectrum at 2020, 1988 and 1622 cm- 1 . 

The v( OsO) band was found at 972 cn1-1, which is typical of five-coordinate 

dimeric mono-oxo osmium(VI) complexes (see Figure 2.2a,b). Elen1ental analysis 
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and 1 H N:MR also support this formulation. Unfortunately, the poor solubility of 

this complex hindered attempts to determine the molecular weight. No tractable 

con1plexes were fonned in the presence of pyridine - a distinct contrast to earlier 

work. 14 

Treatment of Ru(NO)Cl(CO)(PPh3 )2 or Pt(CO)(PPh3)2 with the quinucli

dine adduct of osmium tetraoxide also resulted in attack at the metal center and 

the coordinated carbonyl ligand. Decomposition of the complexes hindered the 

isolation of analytically pure samples. The nitrosyl ligand in Ru (~0 )Cl( CO)

(PPh3)2 was found to be oxidatively sensitive (vide infra). Free carbon dioxide 

(0.48 equiv.) was collected fron1 a solution of crude (PPh3 )2Pt (tt-0 )(11-C02 )

Os02 (NC 7 H 13 ) after 24 hours. 

Little is known about the mechanism of these unusual oxidations, i.e., ox

idative addition to organon1etallic complexes with attack of coordinated car

bonyl ligands. Ho\\··ever, from earlier work on the reactivity of carbonyl corn

plexes, it seems likely that the first step is oxidation of the low valent metal. 

Angelici25 has set the v(C:=O) cutoff for nucleophilic attack of carbonyl ligands 

at ~2000 cm- 1
. Carbonyl ligands which exhibit lower v(C:=O) values (including 

the organon1etallic substrates exan1ined here) are less susceptible to nucleophilic 

attack at the carbon aton1 due to dr.-pr. back-bonding from the adjacent electron

rich metal center. 

The actual oxidation step could occur in several ways; the active oxidant is 

still a mystery. In CC14 , the equilibrium constant for the dissociation of pyridine 

fron1 Os04 (py) is approximately 12 ~1- 1 • 26 In benzene or dichloromethane, sin1-

ilar values should be observed for the dissociation of quinuclidine from Os04 (:l\'

C7H13). Therefore , the oxidation could occur via Os04 or Os0 4 (NC 7 H 13 ). Fr0111 

a n1echanistic point of view, direct oxo attack, interactions like those proposed 

by Sharpless, 12 or electron transfer steps are viable pathways. The ring-closure 

step then is a nucleophilic attack at the carbonyl ligand. This is facilitated by the 

prior oxidation of the low-valent metal center, which makes the carbonyl ligand 
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Figure 2.12. Proposed structure for the reaction product of Os0 4 and Ru

( CO)~ (PPh~ )2 in the absence of nitrogenous bases. 
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more electrophilic (due to the loss of d1r-p1r back-bonding), and by the anchimeric 

effect, i.e., intramolecular rather than intern1olecular attack. 

Reaction of Pt(PPh3 )2 ( C2 H 4 ) with osmium tetraoxide§ afforded what is 

believed to be a brown tetranuclear complex (Figure 2.13). Oxidative addition of 

osmium tetraoxide to the Pt(O) complex resulted in the formation of 11-oxo bridges 

linking the platinum and osmium atoms. The infrared and 1 H Nl\ffi spectroscopic 

data and the ele1nentaJ analysis are consistent with this formulation. A molecular 

weight determination was unsuccessful due to poor solubility in suitable solvents. 

The ethylene ligand was lost as is the case when Pt(PPh3 )z ( 0 2 ) is formed on 

aerial oxidation of Pt(PPh3)2(C2 H 4 ).
27 

Con1plexes with thiocarbonyl, isocyanide, nitrosyl, and dinitrogen ligands 

have been examined as well. The thiocarbonylligands in trans-Rh Cl( CS) (PPh3 )z 

and [Rh( CS)(bpy )(PPh3 )z]Cl04 were not readily attacked on treatment with one 

equivalent of either osmium tetraoxide or with its quinuclidine adduct; the v( CS) 

band in the infrared spectra of the oxidized materials remained. Infrared spectra 

of the oxidation products of trans-Rh Cl( CS)(PPh3 )z and osmium(VIII) oxidants 

exhibited a new sharp band at 1989 cm- 1 , near the reported value for trans

RhCl(CO)(PPh3)z (1980 cm- 1 , CH2 Cl2 ).26 Oxidation with excess equivalents of 

osmium(VIII) reagents resulted in the decomposition of trans-RhCl(CS)(PPh 3 )z; 

no distinct mono- or dioxo osn1iu1n vibrations were found in the infrared spectra 

of the recovered materials. No tractable co1nplexes were obtained on reaction of 

[Rh(CN-t-Bu)2(PPh3 }2]Cl with these oxidants. 

The nitrosyl c01nplexes Rh(NO)Cl2 (PPh3 )2 and Rh(NO)(PPh 3 )s also did 

not react cleanly with Os0 4 or Os0 4 (1\C 7 H13 ). The bands in the infrared spec

tra of the oxidized materials attributable to the NO stretching 1node were broad 

and variable. Degradation of the starting organometallic complexes without the 

forn1ation of discrete 1ni.xed-n1etal con1pounds was likely. Oxidation of trans

\\' (~ 2 )z ( diphos )z (v(NI\): 1955 em -l) with osn1iun1 tetraoxide afforded a new 

§ The reaction with Os04 (NC 7 H 13 ) could not be characterized. 
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Figure 2.18. Proposed structure for the reaction product of Os0 4 and Pt

(PPh3 h ( C2H4 ) in the absence of nitrogenous bases. 
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complex retaining a coordinated dinitrogen ligand (v(NN): 2000 cm- 1 ). Unfor

tunately, elemental analyses were variable and not consistent with any reasonable 

fonnulation; infrared bands attributable to oxidized dinitrogen ligands, e.g., the 

-N=N- 0 - moiety, were not found. 

The oxidations of Co(saltmen),* Os(C0)2(PPh3 )2(C2H 4 ), and two dimeric 

species, {!\·fo(J.1-02 CCH3 )(thf)C1}2 and {Cp~fo(C0)2}2 , with osmiun1(VIII) re

agents were found to be ill-defined; no characterizable complexes were obtained . 

The cyclopentadienyl ligand appeared to be very sensitive to oxidation by os

mium tetraoxide; the reactivity of osmium tetraoxide and ferrocene could uot be 

characterized either. 

* saltn1en = th e dian ion of N,N -( 1,1 ,2,2-tetran1ethylethylene) bis( salicylid en

imine). 
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Conclusions 

We have shown that oxidative addition of osmium tetraoxide·quinuclidine 

to several organometallic carbonyl complexes results in the formation of {t-C0 2 

mixed-metal complexes. The stability of these complexes in solution is thought to 

be kinetically controlled. The lability of the 11-C02 ligand at the ru theniurn (II)/

osmium(II) metal center probably facilitates their decomposition, which did not 

result in characterizable complexes. In the presence of pyridine, however, ( CO)z

(PPh3)2Ru(11-0 )(~J-C02 )0s02 (NC7H13 ) , degraded to form (py)z0s02 (p-O)z

Os02(py)z (as well as other products). The evolution of carbon dioxide ha~ been 

den1onstrated. 

Oxidative addition of osmium tetra oxide to R u( CO )3 (PPh3 )z , in tr.e ab

sence of nitrogenous bases, again resulted in attack at the coordinated carbonyl 

ligand with the formation of a fl.-C02 complex. This molecule was found to be 

a tetramer; the ruthenium atoms are six-coordinate and the osmium aton1s are 

five-coordinate (Figure 2.12) . 

One other mode of reactivity has been discovered. Oxidative addition of 

osmium tetraoxide to Pt(PPh3 )z ( C2H 4 ) displaced the ethylene ligand with the 

forn1ation of p-oxo bridges connecting the platinun1 and osn1iun1 centers (Figure 

2.13). The unusual tetranuclear complex is similar, in many respects, to known 

dimeric osn1iun1 (VI) ester con1plexes (Figure 2.2a, b) .10 

Oxidation of several other organometallic and inorganic compound~ with 

osmium(VIII) oxidants did not produce tractable products. The oxidative addi

tion of osmium(VIII) reagents does not appear to be applicable to a wide range 

of compounds; the sensitivity of ligands such as phosphines, nitrosyls , and cy

clopentadienyls, to oxidation complicates the reactivity at the low-valent metal 

center. The reaction of osmiun1(VIII)-oxo compounds with low valent catbonyl 

con1plexes to forn1 J1-C0 2 complexes does not appear to have straightforward 

analogies in the chemistry of other 1r-acid ligands such as l\0 , l\2, CS, and Cl\R. 
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Experimental 

General Information 

Physical and Spectroscopic Methods. Proton N:MR spectra were recorded on 

a Varian 390 spectrometer. The chemical shifts are reported in ppm( 8) relative to 

tetramethylsilane (8 = 0.0). Solution 81 P Nl\ffi spectra were recorded on a Jeol 

FX-90Q spectrometer and solid-state 81 P NMR spectra with cross-polarization 

magic-angle spinning were collected on a Nicolet NT-150 wide-bore spectrometer 

at the Colorado State University Regional NMR Center.t The chemical shifts 

are reported in ppm(8) relative to external H3P04 (8 = 0.0). Infrared spectra 

were obtained using a Beckman 4240 spectrometer; nujol mulls were routinely 

used with potassium bromide plates. Elemental analyses were performed by 

Mr. L. Henling at the C.I.T. Chemistry Dept. Analytical Facility. 

Materials. All solvents were reagent grade and used without further purifica

tion, except for dichloromethane and tetrahydrofuran which were freshly distilled 

from calcium hydride and benzene which was freshly distilled from sodium. 

The following con1pounds were used as received: 2,2'-bipyridine, 1,8-diaza

bicyclo[5.4.0]undec-7-ene, ethylenebis( diphenylphosphine ), ferrocene, N-nlethyl

N-nitroso-p-toluenesulfonan1ide, SiCl( CHs )3 , triphenylphosphine, \\' Cl6 (all frmn 

the Aldrich Che1nical Co.), t-butyl isocyanide, l\lo(C0) 6 , Os0 4 ,+ K2PtC1 4 , RhCl3-

·3H20, RuCl3 ·xH20 (all from the Alfa Chemical Co.), glacial acetic acid, NH4 Cl, 

CS2 , HBF 4 , FeC12 , Mg, Na, Zn (all from Baker Chemical Co.), formaldehyde 

(37% wjv) , hydrochloric acid (from Malinckrodt Inc.), carbon monoxide, carbon 

dioxide, molecular o:A·ygen (from the 1\-fatheson Co.), NaBH 4 from the \\7ilshire 

Chemical Co., 3a,4,7,7a-tetrahydro-4,7-methanoindene from MCB Inc., and an

hydrous AgCl0 4 from the G. Frederick Smith Co. Co(saltn1en) was a generous 

gift from Dr. \\r. P. Schaefer. 

t The Colorado State University Regional N~fR Center is funded by the ::\a
tiona} Science Foundation (Grant No. CHE-8208821). 

:j: Several grams of Os0 4 were a gift from the Engelhard Co. 
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The following compounds were synthesized using reported procedures: { Cp!\fo

(CO )2 }2 ,29 { CpMo( CO)s }2 ,3 0 Mo2 (11-02CCH8 )4/ 1 {MO(Jl-02CCHs )(thf)Cl }2 ,
82 

(NH4 )2(0sC16]/~ 3 OsHCl(CO)(PPhs)3,84 OsH2 (CO)(PPh8)2, 84 Os(C0)2(PPh3)s ,34 

Os(CO)s (PPhs)2 ,35 Os(C0)2 (PPhs)2(C2H4 ),
86 Os04(NC7H1s), 87 Pt(CO)(PPhs)2 ,27 

Pt(PPh8}2(C2H4 ) ,
88 Pt(PPhs)s ,39 Pt(PPh3)4,89 [Rh(CN-t-Bu)2(PPh3)2]Cl,40 

RhCl(PPh 3 )s ,41 RhCl(CS)(PPh3 )2 ,42 [Rh(CS)(bpy)(PPh3 )2]Cl04,43 Rh(NO)

(PPh3h ,44 Rh(NO)Cl2(PPh3)2 ,44 RJu(C0)8(PPh3 )2 ,44 RuHCI(CO)(PPh3)2. 44 

Ru(NO)Cl(CO)(PPh3 )2 ,45 and W(N2 )2 (diphos)2.46 
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Synthesis 

All reactions were run in 100 mL three-neck round bottom flasks under a 

blanket of flowing high-purity nitrogen unless noted otherwise and all reactions 

used stoichiometric quantities of osmium(VIII) oxidants and the organolnetal

lic/inorganic substrates, except for the study on RhCI(CS)(PPh3)2 with excess 

quantities of these reagents. Enrichment with 18 0 was carried out as follows: 

The osmium tetraoxide needed for one experiment was placed in a 2 mL round 

bottom flask along with 40 equivalents of 18 OH2 (35 IJL for 11 n1g Os04 ) and 

1 drop benzene. The mixture was stirred overnight; then the osn1ium tetrctoxide 

was dissolved in the solvent required for the experiment. The organic solution 

was either decanted from the water and used directly, or it was treated with 1 

equivalent of quinuclidine, decanted fron1 the water, and then used in the f•xper-

in1ent. 

Preparation of (CO )2 (PPh3 )2Ru(11-0) (t1-C02)0s02 (NC1H13 )· tc6H6 fron1 

benze11e. Ru(CO):dPPh3)2 (39 n1g,0.0547 n1n1ol) was placed in the round bottmn 

flask and dissolved in benzene (15 mL). Os0 4 (NCiH13 ) (20 mg,0.0547 mn1ol) , 

dissoh·ed in benzene (2 mL), was slowly added dropwise. \Yithin 5 1ninutf'S the 

product spontaneously precipitated. It was filtered from the solution, washed 

with benzene, and dried in vacuo. Yield: 47 mg (80%). 

AnalJ·tical data: (CO )2 (PPh3 )2Ru (tt-0) (11-C02 )Os02 (:\CiHI3) · tcuH6 
IR (cn1- 1 ,nujol): 2025, 1973 [ss,v(C:=O)), 1551 [ss,v(C==O)]: 

1061 [ss,v(C-0)], 858 [ss,v(Os02)]. 

IR (cm- 1 ,nujol, 18 0 enriched): 1551 [ss,v(C==O)], 

1046 [ss,v(C-0)], 816 [ss,v(Os02)]. 
1H K:\IR (CD 2Cl2 ): 7.2-7.7 [n1,30H,Ph], 7.35 [s,2H ,Ph], 

2.1-2.5 [m,6H,CH2 ], 1.3-1.8 [m,7H,CH2 ]. 

81 P N:\1R (solid-state): 20.6 [s]. 

E.A.: (Calc.) C: 52.36%, H: 4.12)1, N: 1.27%; 

(Found) C: 52.28%, H: 4.21%, N: 1.271(. 
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Preparation of( CO )2 (PPh3 )2Ru(11-0 )(11-C02 )Os02 (NC 7 H1:d from CH2 Cl2. 

Ru(C0}3(PPh3}2 (39 mg,0.0547 mn1ol) was placed in the round bottom flask and 

dissolved in CH2Cl2 (15 n1L). Os04 (NC 7H 13 ) (20 mg,0.0547 n1mol), dissolved in 

CH2 Ch (2 mL), was slo·wly added drop·wise. After 5 minutes, the product was 

precipitated by addition of hexanes. It was filtered frmn the solution, washed 

with hexanes, and dried in vacuo. Yield: 50 mg (85%) . 

Analytical data: (CO )2 (PPh3 )2Ru(11-0)(11-C02 )9s02 (NC1H13) 

IR (cm- 1,nujol): 2009, 1955 {ss,v(C=:O)] , 1602 [ss,v(C=O)J, 

1038 [ss,v(C-O)L 852 [ss,v(Os02)]. 

IR (cm- 1 ,nujol, 18 0 enriched): 1602 [ss,v(C=O)], 

1018 [ss,v(C-0)], 812 [ss,v(Os02)]. 
1H NMR (CD2Cl2): 7.2-7.7 [m,30H,Ph] , 

2.1-2.5 [m,6H,CH2], 1.3-1.8 [m,7H,CH2]. 
31 P N~ffi (solid-state): 39.0 [s] (shoulder: 40.5 [s)§ ). 

E.A.: (Calc.) C: 51.39%, H: 4.03%, N: 1.30%; 

(Found) C: 51.28%, H: 4.08 %, N: 1.29%. 

Decomposition of (C0)2(PPh3 }2Ru(p-0)(11-C02)0s02 (NC7 H 13 ). (C0)2-

(PPh3)2Ru(JJ-0)(J1-C02)0s02(NC7H13) (120 mg) was dissolved in degassed CH2 -

Cl2 which was transfered into the 100 mL round bottom flask using trap-to-trap 

techniques. The solution was stirred for 24 hours at room temperature. The gases 

were collected in 67.7 n1L with a toepler pump (dry ice/ acetone trap). Analysis 

for C02 : (Calc.): 30.1 torr, (Found): 39 torr* Carbon dioxide was identified by 

infrared spectroscopy. 

The remaining solution was pumped to dryness in vacuo. The infrared spec

trum of the crude material contained several bands attributable to carbonyl vi

brations, but no strong bands in the 1500- 1700 em -l region or in the 820- 890 

cm- 1 region. 

§ This is probably a solid-state artifact. 
* Inefficient trapping may have allowed CH2 CL2 vapor to pass to the pump. 
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IR (cm-I,nujol): 2045, 1982, 1935 [s,v(C:=O)]. 

Deco1nposition of (CO )2 (PPhs )2Ru (J.t-0 )(J.t-C0 2 )Os02 (NC7 H13 ) in the pres

ence of pyridine. (C0)2(PPh3 )zRu(p-0)(11-C02 )0s02 (NC 7H 13 ) (100 mg) was 

dissolved in degassed CH2 Cl2 which '\vas transfered into the 50 mL three-necked 

round bottom flask using trap-to-trap techniques. Then 0.5 mL of pyridine was 

added via syringe through a septum. The septum was removed under a flow 

of argon and the flask was stoppered. The solution was in1mediately frozen : 

evacuated, then thawed. This step was repeated to ren1ove oxygen, argon, et c. 

The solution was stirred at roon1 temperature for 24 hours. The gases were col

lected in 11.6 nlL with a toepler pun1p (dry ice/ ethanol trap). Analysis for C02 : 

(Calc.): 148.5 torr, (Found): 56.5 torr. Carbon dioxide was identified by infrared 

spectroscopy. 

The remaining solution was pu1nped to dryness in vacuo. The infrared spec

trunl of this material contained features identical with that of (py )2 Os0 2 (p-

0 )2 Os0 2 (py h, indicating that the crude material contained some of this din1er. 

IR (cm- 1 ,nujol): 840 [ss,v(Os0 2 )]. 

Decon1position of(C0)2(PPh3 }zR.u(p.-O)(I'-C02 )0s02 (NC 7 H13) in the pres

ence ofCS 2 . Ru(COh(PPh 3 }2 (60 mg,0.0845 mmol) was mixed with Os0 4 (NC7 H 13 ) 

in 15 mL of CH2 Cl2 in a 100 nlL round bottom flask. Immediately, 1 mL of CS 2 

was added and the flask stoppered. The solution was stirred overnight. Then 

the crude product was precipitated with hexanes and collected. The infrared 

spectrum of this material was the same as was found when CS 2 was not present. 

IR (cm- 1 ,nujol): 2045, 1982, 1935 [s,v(C:=O)]. 

Preparation of ( CO)z (PPh3 )z Os(11-0 )(11-C02 )Os0 2 (NC 7 H13 )· tC6H6 fro1n 

benzene. Os( CO h (PPh3 )z ( 44 mg:0.0547 n1n1ol) was placed in the round botton1 

flask and dissolved in benzene (15 1nL ). Os0 4 (I\C 7 H 13 ) (20 mg:0.054 7 mmol), 
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dissolved in benzene (2 mL), was sloldy added dropwise. \\lithin 5 minutes the 

product spontaneously precipitated. It was filtered fro1n the solution, washed 

with benzene, and dried in vacuo. Yield: 53 n1g (83%). 

Analytical data: (CO )2 (PPh~}20s(tt-O){tt-C02 )Os02 {NC1H1~)·!C6H6 

IR (cm- 1 ,nujol): 2015, 1952 [ss,v(C:=O)], 1550 [ss,v(C=O)], 

1068 [ss,v(C-0)], 861 [ss,v(Os02 )]. 

IR (cm- 1,nujol, 18 0 enriched): 1550 [ss,v(C=O)J, 

1035 [ss ,v(C-0)], 818 [ss,v(Os0 2 )]. 

1H N~·fR (CD 2 Cl2 ): 7.2-7.7 [m,30H,Ph], 7.35 {s,2H,Phj , 

2.1- 2.5 [m,6H,CH2 ], 1.3- 1.8 [1n,1H,CH2 ]. 

E.A.: (Calc.) C: 48.44%, H: 3.81 %, N: 1.18%; 

(Found) C: 48.58%., H: 3.83%, I\: 1.14%. 

Preparation of( C0)2 (PPh3 )20s(p-O )(JL-C0 2 )0s02 (NC,H13 ) from CH2 Cl2 . 

Os(CO)s(PPh~)z (44 mg,0.0547 mmol) was placed in the round botton1 flask and 

dissolved in CH2 Cl2 (15 mL ). Os04 (NC 7 H13 ) (20 mg,0.054 7 mmol) , dissolYed in 

CH2 Cl2 (2 mL ), was slowly added dropwise. After 5 minutes, the product was 

precipitated by addition of hexanes. It was filtered from the solution, washed 

with hexaues, and dried in vacuo. Yield: 55 mg (84%). 

Analytical data.: (CO )2 (PPh3 )20s(JL-O)(J1-C0 2 )Os02 (NC1H13) 

IR (em -l ,nujol ): 2000, 1934 [ss,v( C:=O)], 1602 [ss ,v( C=O)], 

1039 [ss,v(C-0)], 853 [ss,v(Os02 )]. 

IR (cm- 1,nujol, 18 0 enriched): 1602 [ss,v(C=O)], 

1018 [ss,v(C-0)], 810 [ss,v(Os02 )]. 

1H N!\fR (CD 2 Cl2 ): 7.2-7.7 [m,30H,Ph] , 

2.1-2.5 [n1,6H,CH2 ], 1.3-1.8 [m ,7H,CH2 ]. 

81 P NI\ffi {CD 2 Cl2 ): -0.74 [s]. 

E.A.: (Calc.) C: 47.46%, H: 3.72%, N: 1.20 o/c); 

(Found) C: 47.20%, H: 3.73%, N: 1.16%. 

Preparation of { (CO )2 (PPh 3 )zRu(p-0 )(p-C0 2 )0sO(p-O) }2 ·CoH6. Ru( CO h
{PPh3)2 {30 mg,0.0433 1nmol) was placed in the round bottom flask and dissolYed 
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in benzene (15 mL). Os0 4 (11 mg,0.0433 mmol), dissolved in benzene (2 mL) , 

was slowly added dropwise. After 5 minutes the product was precipitated by 

addition of hexanes. It was filtered fro1n the solution , washed with hexanes , and 

dried z'n vacuo. Yield: 31 mg (75%). 

Analytical data: { ( C:=O )2 (PPh3 )2Ru (~-t-O) (11-C02) OsO (11-0) }2 ·C6H6 

IR (cm- 1,nujol): 2020,1988 [ss,v(C:=O)], 1622[ss,v(C=0)], 

--t [v(C- 0)], 972 [v(OsO)}. 

IR (cm-I,nujo1, 18 0 enriched): 1622 (ss,v(C=O)], 

_t [ss ,v(C-0)], 922 [ss,v(OsO)]. 
1H NMR (D:\fSO-d 6

) : 7.3-7.7{m,30H,Ph]. 

E.A.: (Calc.) C: 50.30%, H: 3.31 %. 

(Found) C: 50.35c::f., H: 3.41 %. 

Preparation of crude (NO )Cl(PPL 3 )2R.u(JJ-0) (Jt-C02)0s0 2 (NCi H13 ) fr01n 

CH2Cl2 • RuCl(NO){CO)(PPh3 }2 {38 mg~0 . 0547 mmol) was placed in the round 

bottom flask and dissolved in CH2 Cb (15 mL). Os04 (NCiH13 ) (20 mg,0.0547 

mmol), dissolved in CH2 Cl2 (2 mL) , was slowly added dropwise. After 5 n1inutes , 

the product was precipitated by addition of hexanes. It was filtered fron1 the 

solution, washed with hexanes, and dried in vacuo. Yield: 38 mg (65 %). 

Analytical data: (l'\0) Cl(PPh3 )2Ru(p-O) (11-C0 2 )Os02 (NC1 H13) 

IR (cm- 1 ,nujol): 1804 [ss,v(NO)], 1630 [ss,v(C=O)], 

1052 [ss ,v(C-0)], 868fss,v(Os02 )]. 

IR (cm- 1 ,nujol, 18 0 enriched): 1630 [ss,v(C=O)L 

1025 [ss,v(C-0)], 820 [ss,v(Os02)]. 

Preparatio11 of crude (PPh3 )2Pt(tt-O )(ti-C02 )Os02 {l\"C7H13 ) from CH2 Ch. 

Pt(CO)(PPh3)2 (40 mg,0.0547 mn1ol) was placed in the round botton1 flask and 

dissolved in CH2 Cl2 (15 mL). Os04 (NC 7 H13 ) (20 mg,0.0547 n1mol) , dissolved in 

CH2 Cl2 (2 n1L): was slowly added dropwise. After 2 n1inutes, the product was 

t This band was obscured. 
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precipitated by addition of hexanes. It was filtered from the solution, washed 

with hexanes, and dried in vacuo. Yield: 43 mg (70%). 

Analytical data: (PPh~ )zPt(~-t-0) (~-t-C02 )Os02 (NC1H1s) 

IR (cm-I,nujol): 1612 [ss,v(C=O)], 

-+ [v(C-0)], 858 [ss,v(Os02 )]. 

IR (cm- 1 ,nujol, 18 0 enriched): 1612 [ss,v(C=O)), 

-+ [v( C-0 )), 813 [ss,v( Os02 )]. 

Decomposition of (PPh~ )zPt(JJ-0) (~-t-C02 )Os02 (NC7 H13 ). Pt( CO )(PPh3 )z 

(40 mg,0.0547 mmol) and Os04 (NC7H 13 ) (20 mg,0.0547 mn1ol) were placed in a 

100 mL round botton1 flask. The reactants were dissolved in CH2 Cl2 which was 

transfered into the flask using trap-to-trap vacuum techniques. The solution was 

stirred for 24 hours at room temperature. Then the gases were collected in 11.6 

mL with a toepler pu1np (dry ice/ ethanol trap). Analysis for C02 : (Calc.) 85.4 

torr, (Found) 41.5 torr. 

The ren1aining solution was pu1nped to dryness in vacuo. The infrared spec

trunl of the crude material contained no strong bands in the 1550- 2100 cn1- 1 

region and no strong hands in the 820- 980 cn1- 1 region. 

Preparation of {(PPh~)zPt(p-O)zOsO(p-0)} 2 . Pt(PPh3 )z(C 2H4 ) (32 n1g , 

0.0433 mmol) wa'3 placed in the round bottom flask and dissolved in benzene 

(15 mL ). Os0 4 (11 mg,0.0433 mmol), dissolved in benzene (2 mL), was slowly 

added dropwise; the product spontaneously precipitated. It was filtered from the 

solution, washed with benzene, and dried in vacuo. Yield: 32 mg (75?1). 

Analytical data: { (PPh 3 )zPt(p-0 )z Os0(11-0) }2 

IR (c1n- 1 ,nujol): 965 [ss,v(OsO)]. 

IR (cm- 1 ,nujol, 18 0 enriched): 915 [ss,v(OsO)]. 
1H NMR (DMSO-d 6 ): 6.9-7.7 [m,30H,Ph). 

E.A.: (Calc.) C: 44.40%, H: 3.10%. 

+ This band was obscured. 
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(Found) C: 44.54%, H: 3.21%. 

Reactivity of trans-Rh Cl( CS)(PPh3 )2 with osmium(VIII) oxidants. Rh Cl

(CS)(PPhsh (1 eqniv.) was dissolved in CH2 Cl2 (15 mL). OsOf, Os01 with 

pyridine (0.5 mL), or Os04 (NC7H13 ) (1 equiv.), dissolved in CH2 Cl2 (2 mL), was 

then added dropwise with stirring. After 15 n1inutes, the product was precipitated 

with hexanes, filtered from the solution, and dried in vacuo. The infrared spectra 

of these 1naterials revealed that the v( CS) band remained intact. However, a new 

band fonned at 1989 cm- 1 (nujol). 

Reactirity of trans-RhCl( CS)(PPh3 )2 with ~xcess equivalents of osJniun2(YIII) 

oxidants. RhCl(CS)(PPh3 )2 (1 equiY.) was dissolved in CH2 Cl2 (15 n1L). Os0 4 

or Os04 (NC7H13 ) (2-3 equiv.), dissolved in CH2 Cl2 (2 mL), wa'3 then added 

dropwise with stirring. The solution darkened considerably. After 15 minutes , 

the product was precipitated with hexanes, filtered from the solution, and dried 

in vacuo. The infrared spectra of these materials revealed that the v( CS) band 

was Yery broad or gone. No distinct osmium-oxo bands were found. 

Rea.ctivity of [Rh(CS)(bpy)(PPh 3 )z]C104 ·with osmium(VIII) oxidants. [Rh

(CS)(bpy)(PPh3)2]Cl04 (1 equiv.) was dissolved in CH2 Cl2 (15 mL). Os0 4 or 

Os04 (NCiH13 ) (1 equiv. ), dissolved in CH2 Cl2 (2 mL ), was then added drop wise 

with stirring. After 15 minutes, the product was precipitated with hexanes, 

filtered from the solution, and dried in vacuo. The infrared spectra of these 

materials revealed that the v( CS) band remained intact. 

Rea{'tivity of'\V(N2 )z(diphos)z with Os04 . \Y(:\ 2 )z(diphos)2 (1 equiv.) was 

dissolved in degassed benzene (15 m.L). Os0 4 (1 equiv.), dissolved in benzene (2 

mL ), was added drop wise to the solution. A precipitate formed im1nediately. The 

product was filtered from the solution, washed with benzene, and dried £n vacuo. 
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The infrared spectrum of this material showed a new strong band at 2000 em -l 

(nujol). 

Reactivity of Os(C0)2(PPh3 }2(C2H4 ), Rh(NO)Cl(CO)(PPh3 )2, Rh(I\O)

(PPh3)s, {Rh(t-BuNC}2(PPh3 }2]Cl, Co(saltmen), {~1o(Jl-02 CCH3 )(thf)C1}2 , {Cp

Mo(C0)2}2, and Cp2Fe with osmium(VIII) oxidants. Oxidations were carried 

out as follows: A solution containing 1 equivalent of Os04 or Os04 (NC7H13 ) 

was added dropwise to a solution containing 1 equivalent of the organometal

lic/inorganic su hstrate (2 equivalents of Co( salt men)). The solution was stirred 

for 2-5 minutes. Addition of hexanes precipitated the reaction products, which 

were filtered from the solution, washed with hexanes, and dried in vacuo. The 

solvents were typically dichloromethane or benzene; tetrahydrofuran was used 

for Co(saltmen) oxidations. Infrared spectra exhibited few features attributable 

to osmiun1-oxo vibrations. In several instances, broadening of ligand bands was 

observed. !\fixing the reactants together at reduced temperature ( -78° C) and 

then warming the products to room temperature was also ineffective in improv

ing the reactivity. When attempted, heating the reaction solutions was also not 

productive. 
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Appendix A. Structure factor amplitudes {lOF 0 , lOF c, lOuF; O'F /k = [F 0 + 

D'F2] t - IF 0 I, k = 0.3100; F 0 < 0 means 10 < 0) for (H) 4 CHBA-Et·pyHCl. 
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Appendix B. Structure factor amplitudes (!OF 0 , !OF c, lOuF; up /k = [F 0 

+ f7F2] t - IF 0 I, k = 1.9012; F 0 < 0 means 10 < 0) for trans-Os( '] 4-CHBA

HMEt)(py)2. 
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2 315 -323 -3 2 -31 - 66 -3 6 268 268 3 13 -187 54 -23 9 276 -236 11 1 258 187 16 
3 421 -412 4 3 334 JIB 7 7 479 -435 23 14 161 -165 B 1B -148 17 -13 2 134 218 -14 
4 365 353 5 .. 84 -29 3 8 288 -288 8 11 2B8 194 2 3 282 -198 2 
5 219 251 -9 5 296 -28B .. 9 434 386 22 -7 6 l 
6 317 -298 6 6 -148 52 -12 1B -142 63 -18 -7 18 l -6 • 7 145 -186 -8 11 289 -238 16 1 498 586 -5 
8 273 298 -5 -8 14 l 12 -218 1 -33 2 555 -562 -4 1 685 -71.8 -19 1 711 734 -22 
9 -183 126 -16 13 269 288 16 3 226 -283 -22 2 93 -77 2 2 264 331 -37 

1B 2B8 -2B4 B 1 383 -384 II 14 - 87 -68 -7 .. 397 4.86 -4 3 (76 436 19 3 5311 -528 9 
11 -121 -5B -9 2 199 87 17 15 255 -2BB 12 5 -1B9 186 -19 4 -liB 58 -11 4 192 -253 -24 

3 227 226 II 6 383 -388 -2 5 349 -388 15 6 -172 -63 -32 
-8 9 l 4 - 26 -1B1 -6 -7 3 l 7 -119 -311 -12 6 -59 UB -111 7 451 -427 13 

8 337 275 23 7 289 H9 12 8 -282 -98 -45 
1 -57 147 -19 -8 15 l 1 619 581 34 9 -166 53 -22 8 39 -113 -6 Ill -177 -18 -26 
2 462 -499 -2B 2 -95 93 -17 1B 325 -3B8 6 9 256 -188 17 11 393 -378 6 
3 - 91 -56 -8 1 211 -192 3 3 452 -45.8 1 11 -96 7 -6 1B 186 161 4 12 -191 38 -28 .... .. 452 447 2 2 251 188 15 4 -163 -73 -38 12 288 238 -7 13 283 226 16 
5 -H 65 -7 5 5B9 489 15 13 74 -85 -1 -7 11 l 14 -156 -818 -211 ~ 
6 261 -299 -12 -7 8 l 6 -159 -25 -23 15 148 -152 -2 
7 132 -42 9 7 472 -416 29 -7 7 l 1 522 -553 -17 16 811 94 -1 
8 314 268 14 1 193 -256 -24 8 -58 2B - 3 2 -37 95 -7 
9 -122 5 -9 2 618 588 26 9 419 377 19 1 3117 338 -15 3 387 343 17 

_, 
1 l 

1B 285 -1 H 6 3 156 23B -24 1B 134 -146 -2 2 591 -687 -13 4 62 -1.84 -4 
4 JIB -36B -5 11 196 -282 -1 3 -141 -42 -19 5 173 -169 • 1 922 913 7 

-e 18 l 5 13.8 -133 B 12 74 88 8 4 422 382 28 6 326 269 18 2 191 232 -17 
6 6B4 554 34 13 1.83 163 -9 5 -198 -71 -39 7 3.86 219 24 3 731 -786 23 

1 -11 -47 -1 7 -46 -98 -9 14 -118 -132 -18 6 512 -477 18 8 248 -228 5 5 697 784 -6 
2 338 -321 6 8 495 -488 3 15 124 -129 8 7 136 173 -8 9 113 -197 -14 6 246 -243 1 
3 -146 49 -17 9 95 163 -13 8 357 328 11 7 547 -554 -4 
4 468 443 11 1B 379 335 18 -7 4 l 9 238 -218 7 -7 12 l 8 -114 72 -15 
5 -1B6 -26 -8 11 -136 -58 -15 1B 262 -238 7 9 382 412 -15 
6 357 -325 11 12 223 -23B -1 1 436 455 -11 11 253 224 7 1 364 -388 -1· u 153 -194 -1.1 
7 1B3 1 1 2 -1 13 - 86 67 -7 2 -88 125 -22 12 199 136 11 2 385 346 -15 11 215 -186 7 
8 2B3 281 8 14 2.88 156 8 3 76B -725 38 13 164 -123 6 3 198 223 -6 12 -91 154 -23 
9 138 -15B -1 15 -85 -84 -8 4 229 263 -13 4 245 -239 1 13 -67 134 -15 

5 498 464 15 -7 8 l 5 -74 -88 -8 14 -29 -167 -18 
-8 11 l -7 1 l 6 281 -286 -1 6 331 292 12 15 85 -11. -2 

7 378 -335 19 1 95 -127 -6 7 1.82 1B9 8 16 158 147 1 
1 26. -253 2 1 -148 -4 -19 8 322 281 16 2 497 -589 -7 8 298 -264 9 
2 277 -226 15 2 856 834 19 9 273 236 12 3 121 162 -9 -6 2 l 
3 224 175 12 3 -159 6 -24 1B 199 -245 -13 4 3.84 288 9 -7 13 l 
4 348 JIB lB 4 536 -496 33 11 116 -124 -1 5 2.86 -221 -4 1 58• 52.1 -18 
5 189 -2B3 -3 5 86 2B6 -29 12 148 94 6 6 367 -366 B 1 263 -219 12 2 88 -138 -12 
6 18 2 -168 2 6 387 4f84 - 8 13 9 .. 95 B 7 323 29.8 12 2 453 47B -7 .. 483 SB4 -14 
7 286 237 13 7 381 -3BB B 14 121 -lol8 -2 8 227 212 .. 3 132 68 7 5 425 495 -45 
8 1B6 94 I 8 436 -4 2 8 4 9 332 -288 14 .. 418 -334 38 6 327 -351 -12 
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6 637 653 -16 6 652 678 -25 1. 265 -2(7 6 8 U1 us 25 
-5 1. L -5 15 L 7 283 333 -26 7 253 -3167 -;H 11 241 -271 -9 9 227 -2169 4 

8 436 -02 -22 8 155 -182 -7 12 193 145 9 116 tU -1162 4 
1 593 627 -27 1 216 -95 21 9 328 -321 3 9 268 265 1 13 252 171 18 
2 248 219 9 2 322 -264 17 116 493 523 -18 116 254 238 5 14 1716 -153 2 -j 13 L 
3 359 -3216 17 3 247 191 12 11 228 218 3 11 348 -318 9 
4 34 216 16 4 266 244 5 12 us -4716 -13 12 2 -155 -17 -4 9 L 1 438 -us 13 
5 369 348 9 13 195 -173 5 13 261 289 -9 2 3416 -255 29 
6 72 -63 16 -5 16 L 14 394 328 26 14 -179 118 -31 1 676 6616 13 3 499 4716 13 
7 418 -372 19 15 118 65 6 15 277 -177 24 2 294 -298 -1 4 2216 149 15 
8 85 98 -I 1 291 -285 1 16 187 -182 1 16 58 -56 16 3 579 -586 -4 5 399 -3816 7 
9 295 262 116 17 89 - 27 4 4 141 2169 -19 6 222 -135 17 

116 126 -133 -1 -4 16 L -4 6 L 5 497 498 16 7 295 256 11 
11 219 -168 116 -4 3 L 6 341 -296 18 8 34 416 16 
12 - 46 84 -5 1 7H -7616 -39 1 317 329 -7 7 349 -354 -2 

2 11671-114 7 -68 1 871 -935 -67 2 795 825 -29 8 373 362 5 -4 u L 
-5 11 L 3 798 8516 -55 2 476 465 12 3 336 -365 -17 9 2316 183 12 

4 195 2816 -47 3 11645 1118 -66 4 762 -775 -12 116 424 -368 22 1 426 -429 -1 
1 538 574 -21 5 867 -931 -63 • 6161 -637 -39 5 339 313 13 11 42 -816 -2 2 254 -74 33 
2 143 -67 12 6 7616 -795 -35 5 38 -143 -22 6 561 5816 -12 12 174 185 -2 3 U8 394 21 
3 5416 -553 -7 7 787 829 -416 6 546 556 - 116 7 5116 -525 -11 13 119 49 6 4 2167 -35 23 
4 192 168 6 8 3416 376 -216 7 -139 -17 -216 8 1167 -168 -13 5 4166 -3516 216 
5 518 SIB 4 9 466 -585 -24 8 21616 -226 - 9 9 429 4216 4 -4 116 L ' -45 68 -3 
6 257 -2166 14 116 -69 -138 -28 9 192 -223 -116 116 168 196 -9 7 285 294 -2 
7 328 -JU -5 11 583 554 22 116 5163 518 - 8 11 454 -392 28 1 147 128 4 
8 217 165 11 12 -84 25 -6 11 -153 29 -216 12 75 - 71 16 2 384 -324 27 -4 15 L 
9 115 147 - 4 13 413 -4164 4 12 487 -483 2 13 271 261 3 3 138 -45 13 

116 189 -145 8 14 -283 -16 -32 13 79 49 2 14 - 19 22 16 4. 512 543 -17 1 289 -zu 11 
11 -416 -97 -6 15 376 319 21 14 347 331 5 15 217 -214 16 5 162 -37 18 2 255 94 316 

16 -43 - 54 -2 15 -168 -53 -216 16 -162 45 -16 6 U6 -456 -5 3 372 357 5 .... 
-5 12 L 17 173 -191 -3 16 222 -161 12 7 141 1 u 4 1716 -121 7 8 18 -75 61 -5 17 -179 43 -216 -4 7 L 8 3163 293 3 

1 4166 4164 1 9 -159 -34 -18 -4 16 l 
3 437 -419 7 -4 1 L -4 4 L 1 787 819 -3· 116 286 -238 u 
4 IH 179 -1 2 341 369 -16 11 68 33 2 1 289 -U8 19 
5 373 373 16 1 1138-1239 -86 1 -59 -127 -25 3 798 -817 -18 12 288 2163 216 2 237 2163 7 
6 277 -224 15 2 161 -89 23 2 933 994 -616 4 235 -272 -15 
7 276 -262 4 4 197 265 -36 3 -178 31 -u 5 646 649 -2 -4 11 l -3 • l 
8 236 177 13 5 954-116167 -516 4 551 -572 -21 6 152 182 -8 
9 262 117 28 6 172 -2166 -13 5 -1162 -88 -19 7 5164 -536 -18 1 -56 -82 -8 9 294 -391 • -55 

7 552 575 -19 6 411 413 -1 8 -111 5 -116 2 541 -555 -7 116 41B 425 -9 
-s 13 L 8 -125 -63 -19 7 -7B 115 -17 9 419 424 -z 3 -SJJ 3 -2 11 91 2•5 -28 

9 394 -397 -1 8 362 -393 -16 1B -147 -2JJ -17 4 641 6116 216 12 476 -436 21 
1 383 368 6 116 1216 218 -27 9 -194 54 -37 11 398 -365 13 5 168 -124 9 13 -147 B -17 
2 527 -511 7 11 529 5216 5 116 395 489 -6 12 88 35 4 6 465 -444 9 u (97 SJJ9 -5 
3 254 -257 B 12 236 -236 16 11 916 -176 -17 13 262 242 5 7 -65 11616 -9 15 -211 -37 -35 
4 469 469 JJ 13 476 -U/6 17 12 299 -288 6 u l.f1 -83 1 8 35JJ 289 2B 16 2•1 -225 -4 
5 115 59 5 u 257 215 12 13 146 1816 -7 15 256 -197 13 9 2163 -156 9 17 -119 64 -11 
6 372 -343 1B 15 916 231 -29 14 3165 227 23 1B 157 -172 -2 18 251 152 ZJJ 
7 - 34 -716 -3 16 -89 -173 -23 15 185 -138 8 -4 8 L 11 225 169 11 
8 195 2161 -1 17 123 -85 4 16 48 -124 -7 -3 1 l 

18 127 129 16 17 142 93 6 1 947 954 -5 -4 12 L 
-5 u L 2 87 1167 -3 9 -163 55 -u 

-4 2 L -4 5 L 3 794 -822 -24 1 242 37 39 116 6167 6165 2 
1 259 117 31 4 156 134 5 2 633 -636 -1 11 -159 61 -25 
2 491 -SIS -11 1 1285-14163 -9JJ 1 192 -262 -37 5 884 817 -1 JJ 3 221 178 13 12 473 -481 -4 
3 238 22 31 2 263 3716 -74 2 1262 1315 -39 6 299 -334 -15 4 536 531 2 13 216 275 -ZJJ 
4 399 381 6 3 799 8616 -64 3 1165 -133 -7 7 529 -549 -II 5 258 -274 -5 u 324 343 -8 
5 262 -85 32 4 178 -256 -39 4 885 -9166 -18 8 193 221 -8 6 3416 - 318 7 15 231 -179 13 
6 3 59 -3162 1 7 5 733 -762 -316 5 18.0" 239 -24 9 435 364 31 7 237 221 4 16 239 -197 116 



17 179 163 2 -3 5 L 2 594 -594 s 11 215 224 -2 -2 1 L 
18 -124 123 -18 3 164 46 22 -2 5 L 

1 1B46 1S93 -43 4 834 827 5 -3 12 L 1S -145 16 -21 
-3 2 L 2 178 -266 -46 5 154 -8.0' 14 11 584 -586 -2 1 123 -18 u 

3 972 -993 -18 6 749 -759 -8 1 766 -756 6 12 -192 -56 -36 2 1258-1244 u 
1 -3JJ2 -61 -139 4 6.0' 162 -26 7 -87 4 -6 2 178 27 22 13 397 397 s 3 242 -269 -15 
6 469 484 -13 5 912 921 -7 8 5.0'.0' 531 -17 3 535 493 21 14 -21 -181 -25 4 727 712 15 
7 326 -349 -13 6 87 -161 -18 9 197 -2S3 -1 4 211 -1S9 21 15 219 -271 -16 5 246 -212 15 
8 41S -413 -2 7 46S -5.0'3 -27 1S 415 -368 2.0' 5 497 -459 17 16 2S6 211 -1 6 581 -541 36 
9 389 413 -14 8 479 5.0'2 -14 11 211 174 9 6 296 278 5 17 226 2.0'.0' 6 7 325 342 -9 

1 1 -142 -167 -42 9 191 198 -2 12 2S7 221 -3 7 377 342 12 18 212 -166 9 8 657 661 -3 
12 37S -383 -6 1B 373 -395 -11 13 I 51 -1.0'8 6 8 225 -238 -3 19 168 -13.0' 6 9 327 -365 -19 
13 424 426 -1 11 254 -274 -7 14 94 -126 -3 9 216 -192 5 1S 519 -518 s 
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-1.9 238 2U -2 -15 324 3.9.9 1.9 -8 47.9 517 -3.9 8 267 239 7 15 96 72 2 12 349 -35.1J .IJ 
-9 541 -557 -12 -14 -47 -0 -3 -7 199 -24 32 9 421 -4.94 6 16 342 -356 -4 13 416 424 -3 
-8 .429 -428 .9 -13 HI -4.92 22 -6 478 -512 -21 1.9 1.99 -69 4 17 2.9.9 -6 2.9 14 161 214 -13 
-7 5.97 556 -41 -12 162 1.95 13 -5 14.9 .9 I 7 11 376 385 -2 15 353 -381 -11 
- 6 2.94 229 -11 -11 426 435 -5 -4 347 333 7 12 275 59 35 1 -11 L 16 -1.97 -52 -9 
-5 238 -168 3.9 -1.9 2.9.9 -2.95 -I -3 243 -118 37 17 378 328 17 
-.4 1.96 -27 12 -9 557 -562 -3 -2 4.91 -351 26 1 -14 L .IJ 477 -448 15 18 12.4 2.9 8 
-3 OS 4.91 25 -8 391 383 4 -1 339 285 25 I 55.9 -525 14 19 3.91 -zu 15 
-2 188 - 69 34 -7 493 514 -IS .9 486 .466 11 .9 4.IJ 1 388 5 2 582 568 8 
-1 491 -487 3 -6 416 -453 -25 1 325 -286 17 1 3.93 -251 16 3 275 257 6 1 -8 L 

.9 88 3 9 -5 424 -423 .9 2 363 -333 14 2 283 -225 17 4 527 -563 -22 
1 733 712 21 -4 391 4.99 -11 3 264 189 25 3 455 466 -4 5 3.9.9 -28.9' 7 .IJ 1238-1187 38 
2 378 -352 17 -3 35.9' 381 -19 4 278 179 32 4 233 168 15 6 69.9' 7.99 -1.4 1 5.1J1 459 28 
3 657 -664 -7 -2 419 -384 23 5 277 -255 8 5 529 -585 -28 7 2.9'.9' 198 .IJ 2 712 7.1J8 3 
4 4.9.9' 412 -8 -1 222 -159 23 6 182 -132 II 6 1.96 -115 -I 8 585 -648 -38 3 922 -922 .IJ 
5 348 338 6 .IJ 643 649 -4 7 461 488 -12 9 135 -64 I.IJ 4 62.9' -597 21 
6 262 -198 27 1 26.9' 2.9'1 25 .IJ 15 L 8 275 -31 42 1.9 6.9'5 643 -22 5 966 945 17 
7 211 -182 1.0' 2 699 -712 -11 9 432 -471 -17 11 172 -154 4 7 686 -673 12 
8 311 317 -2 3 121 -u 12 -1.0' 275 -262 4 1.9 213 136 15 12 5.9'4 -53.9' -13 8 4.94 -41B -J 
9 256 242 5 4 369 369 .IJ -9 2.9'9 88 26 11 446 49.0' -19 13 -9.9' 5.9' -7 9 853 86.9' -6 

l.IJ 371 -354 9 5 156 -6.0' 18 -8 293 284 3 12 95 -87 B 14 334 335 .IJ 1B us -166 -5 
1 1 ISS -128 -4 6 385 -362 12 -7 254 -135 34 13 356 -367 -3 15 -59 -178 -22 11 571 -565 4 
12 244 278 -13 7 19B 115 19 -6 362 -382 -1B 14 -117 10 -19 16 338 -315 7 12 59 74 -1 
13 1.9'4 11 8 8 3.9'2 3.9'8 -2 -5 3.9'7 298 3 17 3.0'3 215 23 13 62B 629 -5 

9 99 -1.95 -1 -4 373 339 16 1 -13 L 18 287 233 13 14 -121 -26 -12 
.IJ 11 L l.IJ 189 -215 -7 -3 398 -333 31 15 37.1J -336 14 

-2 341 -25.9' 37 .IJ 188 68 Z.IJ 1 -1.1J L 16 24 121 -9 
-17 223 -212 3 .IJ 13 L -1 378 3.92 35 1 563 -595 -17 17 363 325 14 
-16 157 -159 B B 278 127 H 2 191 -2 24 • 619 -587 23 18 217 -179 8 
-15 277 249 11 -15 381 288 5 1 389 -357 15 3 411 UB -13 2 37.9' 274 43 19 138 -127 1 ... 
-14 125 124 B -14 184 -188 1 2 3.0'1 -173 42 4 192 -12 25 3 21.0' -53 33 co 
-13 326 -342 -8 -13 288 -251 14 3 3.9'1 339 -16 5 427 -41B 7 4 258 -168 3.9' 1 -7 L ~ 
-12 275 -252 1.9' -12 335 268 29 6 152 78 11 5 233 Ill 33 
-11 537 538 .IJ -1.1J 376 -336 2.1J .IJ u L 7 549 688 -2? 6 579 557 13 .IJ 138 -42 17 
-1.9' 23 -2.9' B -9 283 -274 4 8 194 -2.1J8 -3 7 186 -36 26 1 745 718 34 

-9 627 -66.9' -28 -8 442 43.9' 6 -5 314 27.9' 16 9 475 -515 -19 8 784 -79.9' -4 2 661 625 36 
-8 1.1J4 52 8 -7 276 257 8 -4 212 37 31 1.1J 258 231 7 9 176 138 9 3 1224-1238 -11 
-7 747 781 -35 -6 341 -379 -21 11 395 429 -14 l.IJ 549 562 -7 5 782 765 17 
-6 181 -82 Z7 -5 187 -191 -1 1 -16 L 12 324 -382 -21 11 46.9' -443 9 6 127 -42 15 
-5 499 -524 -28 -4 518 541 -16 13 273 -236 18 12 347 -366 -a 7 891 -841 ., 
-4 292 24.9' 27 -3 93 46 6 • 369 321 14 14 336 312 7 13 345 346 .IJ 8 14.9 11 7 5 
-J 588 615 -21 -2 483 -465 12 1 297 93 39 IS 258 175 18 14 332 312 7 9 714 694 18 
-2 ii4 -5 7'7 -l.IJ -1 177 -u 27 2 3.1J3 -Z'.IJ 3 15 43, -481 16 1.1J Z5B -22' 1!1 
-1 452 -458 -4 .IJ 334 352 

_, 
3 215 -51 22 1 -12 L 16 233 -181 12 11 62! -5!! ~! 

.9 418 414 3 1 162 -7 23 4 332 3.92 9 17 298 293 1 12 452 452 B 
I 531 485 34 2 349 -366 -9 5 235 -I 0 18 .IJ 185 -1.99 16 18 162 135 4 13 672 649 18 
2 411 -417 -4 3 228 157 22 6 327 -32S B 1 611 -6.9'6 2 14 429 -419 4 
3 156 -13.9' 7 4 488 472 l.IJ 7 232 169 13 2 5.94 483 11 1 -9 L 15 268 -263 1 
4 344 334 5 5 269 -231 14 8 357 361 -1 3 632 673 -29 16 384 392 -3 
5 211 2.9'1 3 6 347 -331 7 4 4.0'3 -395 4 .IJ 656 -632 21 17 1B8 195 -17 
6 395 -387 4 7 244 191 17 1 -15 L 5 4 24 -476 -27 1 436 333 55 18 365 -331 12 
7 233 -229 1 8 1.9'7 94 I 6 412 437 -12 3 368 -342 13 19 -136 -78 -14 
8 335 3.9'5 14 • 495 45.9 18 7 371 382 -5· 4 128.9-1323 -32 2.9' 243 226 4 
9 8.0' 77 !if B 14 L 1 368 -3.0'4 21 8 494 -5.9'9 -7 s 487 43S 31 

l.IJ 294 -269 1.9' 2 448 -411 14 9 44S -423 1.9 6 58.9' 569 7 1 -6 L 
II -68 28 -4 -13 145 -115 5 3 292 231 17 1.9' 491 SIS -11 7 441 -4.9'9 17 

-12 315 292 9 4 343 312 1.9 II 286 299 -4 8 349 -356 - -3 • 251 239 6 
.IJ 12 L -II 26.9 235 9 5 264 -191 18 12 524 -555 -15 9 548 581 -2.9' I 13.9'8 1219 62 

- 1.9 326 -36.0' -16 6 3.91 -2.9'9 24 13 II 7 -6S 6 1.9' 2S4 231 8 2 S77 -576 .IJ 
-16 -71 -3.0' -4 -9 183 - 54 24 7 327 262 19 14 273 323 -16 11 419 -458 -21 3 1215-1229 -15 



4 856 7~U 59 16 148 198 -12 18 271 254 4 B 397 -HB 46 -18 -72 U6 -1.1 2 46 -2 2 
5 1215 1116 74 17 247 -3/66 -216 19 45 l/67 -5 1 779 -777 2 -17 296 257 12 3 9/69 -911 -2 
6 221 -23/6 -4 18 214 -218 -I 28 269 -252 4 3 881 822 -23 -16 146 -231 -21 4 933 -927 5 
7 1888 -981 24 19 4.163 351 19 7 -124 2 -19 -15 431 -377 24 5 1132 1/694 31 
8 687 643 42 2.16 193 126 II 1 .I L 8 742 -722 19 -14 39/6 389 .16 6 3/66 331 -14 
9 6.164 558 41 9 249 -287 -18 -13 432 397 17 7 546 -543 2 

1.16 625 -615 9 1 -3 L 1.16 168 235 -27 lB 7.168 714 -5 -12 424 -443 -1.16 8 -123 -47 -16 
11 584 -464 23 11 527 522 4 11 -179 -5 -31 -11 295 -316 -9 9 636 68'6 25 
12 739 1416 16 16 1699 1627 u 12 5/69 -516 -4 12 666 -691 -2/6 -1/6 476 466 6 u -29 23 -1 
13 312 3/69 1 1 643 -65/6 -7 13 395 -413 -9 13 245 256 -3 -9 297 293 2 11 U3 -436 3 
1 4 472 -496 -13 2 19416-1693 13/6 14 455 429 13 14 582 563 1/6 -8 888 -87/6 16 12 133 185 -12 
15 182 -231 -14 3 2/631 1 7 33 148 15 247 248 16 15 178 -218 -13 -7 73 -142 -17 13 475 481 -3 
16 544 517 14 • 913 797 111 16 289 -291 16 16 425 -426 16 -6 1/633 1/6169 21 14 24/6 -216 6 
17 168 15/6 3 6 319 -398 -63 17 -74 -97 -18 17 22/6 232 -3 -5 247 271 -14 15 36/6 -341 7 
18 373 -362 • 7 -163 113 -54 18 354 336 6 18 285 246 1.9' -4 673 -7163 -34 16 217 166 11 
19 -116 -56 -116 8 56.16 5.164 56 19 -l.IP -35 -7 19 225 -128 17 -3 -121 83 -316 17 58 159 -12 
2.16 2.169 236 -6 9 212 -244 -15 2.16 2.161 -2167 -1 -2 355 374 -15 

11 771 752 16 1 3 L -1 -179 46 -48 1 6 L 
-5 L 12 342 339 1 1 1 L .16 1586-1664 -516 

13 .453 -494 -24 -216 157 117 5 1 456 451 5 -19 1.1.1 -97 .I 
.I 3.168 347 -29 14 319 -313 2 -2.1 -.43 155 -u -19 228 -18.4 9 2 695 696 -1 -18 378 322 19 
1 1683 1599 5.16 15 416.16 399 .16 -19 -us -69 -15 -18 -214 -66 -34 3 638 -66/6 -24 -17 -53 83 -6 
2 89.4 -858 36 16 -167 -49 -24 -18 234 -22/6 3 -17 3/65 278 9 4 893 -915 -21 -16 411 -375 15 
3 8/61 -718 84 17 342 -311 12 -17 97 135 -5 -16 -76 -43 -5 5 817 8/63 13 -15 -145 23 -16 
4 1617 1566 31 18 78 -68 .16 -16 384 314 27 -15 458 -379 36 6 528 519 8 -u 5.162 462 2.16 
5 1328 1277 35 19 468 373 36 -15 4.162 -376 11 -1 4 -916 83 -12 8 495 -516 -13 -13 -157 -24 -21 
6 1431-1318 71 2/6 -158 -31 -IS -14 167 -2.167 -11 -13 555 521 19 9 549 541 5 -12 41B -4u -18 
7 813 -742 68 -13 372 372 .16 -12 9.16 -181 -21 1.16 3.167 342 -16 -11 -119 us -22 
8 79/6 764 15 1 -2 L -12 633 614 16 -11 466 -465 • 1 1 377 -398 -s -u 652 6.46 5 .... 9 251 292 -15 -11 7/69 -662 4.16 -116 228 238 -4 12 122 191 -13 -9 5.1616 -528 -18 (C) 1.9' 943 -888 46 • 1229 1349 -1.15 -1/6 258 -267 -4 -8 4716 -462 7 13 436 45/6 -7 -8 794 -822 -25 C11 11 1.9'2 12.16 -3 I 487 -265 265 -9 783 759 22 -7 86/6 -825 33 14 1165 -112 -1 -7 39B 355 2B 

12 991 979 9 2 1669-1236 225 -8 299 342 -27 -6 633 648 -16 15 411 -386 IB -6 874 869 5 
13 -12.9' -112 -23 3 342 438 -88 9 33.16 -363 -26 -5 866 882 -16 16 -184 24 -23 -5 8/65 -847 -41 
14 639 -656 -7 lB 1.168 188 -25 lB 639 613 24 -3 3216 -4.161 -64 17 265 287 -6 -4 298 -323 -15 
15 -61 -16 -3 11 688 669 17 11 -156 -96 -31 -2 1432 1552 -87 18 138 -41 9 -3 499 518 -17 
16 345 351 -2 12 -7.4 -38 -6 12 682 -687 -3 -1 -218 42 -67 -2 641 682 -u 
17 -154 -91 -23 13 797 -771 2.9' 13 -2.9'6 15 -39 .9' 1345-1365 -15 1 5 l -I 119.4-1226 -25 
18 288 -277 3 14 -96 153 -27 14 495 .482 6 1 212 346 -89 • 523 -5166 17 
19, 128 142 -2 16 88 -167 -1.4 15 -8.4 77 . -u 2 96/6 1/647 -89 -19 186 -147 7 1 1126 1114 1B 
2.16 285 228 1.4 17 21.16 -186 6 16 4.166 -39.16 7 3 537 -553 -19 -18 212 2.47 -9 2 55 -25 2 

18 -1.168 5.4 -9 17 -136 123 -23 5 -119 -1.169 -35 -17 2.43 163 19 3 1218-1163 41 -· L 19 3.167 262 13 18 324 291 1.16 7 229 -293 -35 -16 36/6 -3.161 22 4 569 554 12 
2.16 77 -132 -6 19 149 -89 8 8 431 -427 2 -IS 3.164 -28.16 9 5 922 892 25 • 991 94/6 47 9 6.4 168 -23 -1.4 515 512 1 6 -162 18 -1B 

1 527 471 62 1 -1 L 1 2 L 1.16 617 588 25 -13 174 156 4 7 585 -585 • 2 13.163-1288 lB 11 253 -283 -12 -12 5.163 -515 -6 8 -85 65 -lB 
3 -17.4 -155 -73 2 487 -668 -188 -26 85 154 -9 12 .439 -444 -2 -11 -52 56 -5 9 333 377 -21 
• 875 838 38 4 315 243 46 -19 115 -116 .16 13 216 279 -23 -16 819 81.16 8 1.16 Z/66 -Z82 -28 
5 846 827 19 5 291 -367 -56 -18 25.16 -197 13 14 355 354 .16 -9 3.49 -36.4 23 11 217 -28.1 -22 
6 1133-l./698 27 7 819 797 22 -17 2.162 232 -8 15 271 -289 -6 -8 988 -922 5.4 12 253 26.16 -2 
7 us 453 -8 g 1345-1294 35 -16 243 216 8 16 159 -183 -5 -7 39 -11 1 13 365 JB./6 1 
8 721 7.168 13 1.16 -88 U6 -32 -15 379 -396 -8 17 38.16 282 5 -6 11.161 1138 -32 u 97 -264 -2.1 
9 -72 I 7 -6 11 754 749 4 -14 165 -168 16 18 138 99 4 -5 494 -.4.45 42 IS 2.163 -2.166 16 

1.16 991 -928 52 12 2.161 -225 -8 -13 5.168 5.42 -2.16 19 191 -2.166 -3 -4 969 -971 -2 16 26.16 Z/6.16 14 
11 434 433 .16 13 623 -628 -· -12 -6.16 118 -15 -3 599 646 -53 17 165 77 11 
12 679 676 2 14 359 341 8 -11 643 -621 19 1 4 L -2 679 7.1616 -23 
13 322 -369 -23 15 275 267 2 -116 -134 21 -19 -I 341 -368 -19 1 7 L 
u 644 -634 8 16 57 -116 -7 -2 658 753 -132 -2.16 -1.1616 33 -6 .16 27 -53 -2 
15 334 352 -7 17 277 -278 2 -1 175 45 37 -19 216 -223 -1 1 282 337 -37 -19 -85 6 -4 



-18 346 3.86 12 6 2~8 -3.83 -22 -6 223 -1~H 9 -8 347 ~63 -53 3 35.8 292 18 11 2n -2 25 
-17 -141 -58 -15 7 377 -~21 -22 -5 279 -393 -1.8 -7 15.9 -174 -5 ~ 262 -278 -~ 12 ~32 -~68 -15 
-16 UJ2 -348 21 8 431 412 9 -~ HI 494 -19 -6 564 -619 -31 5 243 -22~ 4 13 261 91 31 
-15 212 199 3 9 1.92 147 -8 -3 143 196 -14 -5 281 311 -11 1 ~ 323 322 .9 
-14 386 373 6 1.8 5~2 -553 -6 -2 ~56 -5.92 -26 -4 417 457 -19 1 15 l 15 88 -169 -11 
-13 217 -2.93 4 11 156 -74 12 -1 11 2 75 5 -3 418 -462 -22 
-12 383 -399 -3 12 429 416 5 .9 612 641 -18 -2 314 -226 29 -8 116 -1.83 1 2 -13 l 
-11 313 334 -9 13 -5.9 -138 -13 1 23.9 -134 26 -I 599 613 -7 -7 28~ -346 -19 
-u 211 23.9 -6 14 286 -267 5 2 625 -615 5 .9 243 181 17 -6 216 18.9 7 6 us -393 23 

-9 4.93 -394 5 15 -83 1.98 -1.9 3 146 41 IS I 436 -396 17 -5 321 349 -9 I 389 -314 31J 
-8 524 -51.9 8 4 ~.99 391 8 2 272 -223 u -4 272 -219 13 2 59~ 6.89 -8 
-7 687 691 -3 1 9 l 5 254 -245 3 3 327 329 -" -3 327 -3.93 7 3 2.81 112 19 
-6 481 483 -1 6 U1 -438 1 4 1 71 4 18 -2 32.9 262 16 4 617 -61J9 4 
-5 11.89-1142 -27 -18 139 116 3 7 345 346 .9 5 541 -552 -5 -1 316 2.95 28 5 249 -79 37 
-4 232 -257 -11 -17 368 -342 9 8 315 321 -2 6 147 42 11 B 343 -31.8' 1.9 6 576 625 -27 
-3 534 52.9 12 -16 -13.9 -38 -11 9 261 -249 3 7 378 391 -5 1 296 -182 26 7 138 -23 13 
-2 153 114 11 -15 397 315 3.9 1B 29.9 -152 1.9 8 -12.8' -13 -8 8 594 -53.8 -13 
-I 72B -722 -1 -14 -1.8'.9 24 -7 11 229 211 4 9 123 -16.8' -5 2 -16 l 9 146 63 11 

1 USB 1.913 3B -13 ~81 -~53 13 12 -47 71 -4 1.9 5~6 578 -16 
2 149 32 21 -12 -52 -31 -2 1 13 l 16 25~ 1U 15 11 ~/65 -U6 -18 
3 1.954-1.8'.8'7 38 -11 351 342 3 1 11 l 1 U9 -335 39 12 436 -u2 -2 
4 733 715 16 -1/6 127 -127 16 -14 266 -2u s 2 313 -22 48 13 317 328 -3 
5 647 627 17 -9 569 -562 3 -16 168 157 1 -13 24.9 199 9 3 362 338 8 14 316 31~ 16 
6 5.93 -5.98 -3 -8 46S U1 1/6 -15 26/6 236 6 -12 327 288 11 4 2 1.9 -~8 22 15 39B -352 13 
7 393 -418 -13 -7 727 737 -8 -14 363 -345 6 -11 258 -188 16 5 377 -337 13 16 149 -184 -6 
8 432 U9 -9 -6 258 -262 -1 -13 193 -159 7 - 1.9 332 -319 4 6 193 -25 19 
9 2S6 243 -12 -5 542 -574 -2.9 -12 38.9 383 -1 -9 3.9.9 3.91 16 7 4.96 377 1.9 2 -12 l 

1.8' JBS -285 5 -~ 278 2U 13 -11 2.99 158 11 -8 213 252 -1.9 8 22.9 -59 23 
11 359 -338 8 -3 329 293 16 -1.9 473 -468 2 -7 331 -JH -25 9 33B -312 5 6 767 -766 6 
12 Ul 435 2 -2 552 -538 8 -9 223 -134 21 -6 248 -259 -3 1.fJ 297 262 9 1 359 291 28 ... 
13 162 125 6 -1 281 -2S6 28 -8 635 685 -37 -5 UJ 452 -~ 2 812 816 -3 8 14 372 -386 -5 B 62.8 623 -2 -7 143 6 15 -4 3.96 21.9 28 2 -15 l ~ 553 -6.91 -28 
15 131 -17 9 1 561 562 -1 -6 56~ -579 -8 -3 329 -32B 3 5 429 391 18 
16 194 2 1B -3 2 728 -714 11 -5 242 218 7 -2 24 7 -23.9 ~ B 2~9 -98 28 6 SB/6 5~9 -28 

3 -53 -19 -2 -4 6.92 632 -17 -1 358 363 -1 1 498 -515 -7 7 ~55 -~77 -11 
8 l 4 685 682 2 -3 218 -2.87 3 B 194 -46 22 2 26/6 1B6 31 8 58~ -618 -19 

5 2U -177 2.9 -2 516 -521 -2 1 487 -459 12 3 4B5 383 8 9 486 397 3 
-18 26B 223 9 6 43/6-U/6 -5 -1 128 179 -12 2 191 88 17 4 215 -164 11 116 345 366 -9 
-17 297 -223 2.8' 7 122 -6 II .8' 47.8' 467 1 3 U2 U8 -2 5 326 -266 19 11 ~8~ -533 -25 
-16 21/6 -198 2 8 291 278 4 1 ~.96 -333 31 ~ 221 -79 24 6 293 277 5 12 217 -278 -19 
-15 32.9 281 13 9 -123 -6B -13 2 4.95 -351 23 5 3Z 1 -286 1.8' 7 299 255 13 13 417 U3 -11 
-14 -75 172 -25 1.9 318 -298 6 3 366 368 s 6 159 149 1 8 337 -285 16 14 273 255 5 
-I 3 32.9 -3.99 4 II 157 2.97 -11 ~ 335 348 -5 9 228 -167 13 15 ~53 -486 -u 
-12 28.9 -291 -~ 12 295 228 18 5 4.96 -397 3 1 14 l 1.9 299 347 -16 16 76 -63 1 
-II 478 us 15 13 18 -177 -17 6 387 -346 16 11 251 21.9 9 17 385 381 1 
-1.9 171 174 .8' 14 294 -225 17 7 2.96 261 -15 -12 266 186 17 12 396 -~26 -11 

-9 795 -815 -16 8 142 15~ -2 -11 298 -283 4 13 17.9 -128 6 2 -11 l 
-8 121 26 11 1 16 l 9 316 -291 7 -IB 184 -6.8' 16 
-7 9.8'1 9.8'9 -6 1.9 -123 -41 -u -9 285 3.8'3 -5 2 -14 l 6 699 -69· 7 
-6 5.91 -512 -6 -17 369 -327 13 11 277 294 -4 -8 2.8'.9 1.8'6 15 1 S7B 556 8 
-5 574 -585 -8 -16 -1.97 65 -9 -7 355 -385 -11 16 3/63 -256 14 2 ~59 ~31 14 
-4 26.8' 238 9 -15 249 264 -4 1 12 l -6 24.9-115 24 I 36.9 -352 2 3 7.96 -698 6 
-3 737 749 -11 -14 138 -136 .9 -5 376 434 -23 3 365 279 3.9 ~ ~55 -456 16 
-2 3.8'7 -279 13 -13 416 -383 13 -15 17B 9~ 1.8 -4 223 -132 18 4 439 -418 8 5 578 628 -31 
-I 724 -721 2 -12 212 2~5 -9 -1~ 385 -38~ .8' -3 483 -482 .9 5 247 -259 -3 6 3.91 259 16 

I 536 536 .9 -I I 321 328 -2 -13 43 1.91 -5 -2 283 173 27 6 373 41 ~ -17 7 564 -587 -13 
2 563 -SIS 33 -IS 258 -251 2 -12 ~25 387 14 -I 416 378 14 7 !55 41 14 8 277 -216 21 
3 469 -454 8 -9 433 -442 -4 -11 - 84 -68 -7 .9 218 -85 22 8 5.97 -52.9 -6 9 725 746 -16 
4 717 714 2 -8 421 391 14 -19 47.4 -429 -2 1 395 -311 28 9 22.8' -67 26 1.8' 143 9 15 
5 556 578 -14 -7 3.98 337 -12 -9 228 2.8'8 5 2 215 134 15 1.8' 581 58.8' .9 11 613 -6.97 3 



12 76 13 4 6 926 -884 36 18 158 -167 -1 6 38'2 313 -7 -19 248' -184 12 -19 -183 -87 -24 
13 488 515 -13 7 263 -182 31 19 357 283 24 18' 241 256 -7 -18 -141 32 -13 -18 222 212 2 
14 216 -178 9 8 798' 738 u 28' -77 8 -3 II 648 644 3 -17 328 254 23 -17 -154 76 -19 
15 426 -418 3 9 159 -3.9' 2 1 12 418 -394 13 -16 68 -116 - 5 -16 354 -38'2 19 
16 164 192 -5 18' 579 -579 B 2 -5 l 13 496 -497 B - 15 456 -425 14 -15 -124 -32 -12 
I 7 458 424 13 II 18'8 -136 -5 14 578 577 I -14 183 248 -28' -14 476 453 11 
18 24.9' -165 IS 12 839 819 15 8' 151B 1493 18' IS - 96 117 -18 -13 462 423 2.9' -13 -158 28 -22 

13 -97 -68' - 18' 1 647 -660' -IS 16 5.9'5 -492 6 -12 384 -4BB -8 -12 351 -373 -18' 
2 -lB l 14 392 -4 2 8' -13 2 18'18-18'27 -7 I 7 12 1 -137 -2 -11 -88 - 91 -14 -11 -185 12 -33 

IS 138 76 9 3 1366 1174 126 18 375 331 16 -18' 429 n9 -6 -18' 756 722 29 
1 276 -113 49 16 391 391 B 4 2291 1923 159 19 33 114 -7 18' 262 255 3 -9 285 -321 -18 
2 274 82 54 17 78 -198' -19 5 1145-18'48 76 28' 367 -38'5 19 11 653 -648 4 B 513 -634 -157 
3 545 -514 19 18 226 -20'1 6 6 716 -672 45 12 148 -28'2 -15 1 1238' 1268' -22 
5 18'11 18' I 7 -4 19 -1B8 94 -12 7 766 716 49 2 -2 L 13 444 488 -25 2 126 -234 -51 
6 251 68' 46 28' 20'1 194 1 8 372 375 - 1 14 -148 95 -26 3 1298-1335 -27 
7 737 -751 -II 9 961 -891 59 B 224 63 59 15 434 -439 -2 4 -111 118 -35 
8 136 96 7 2 -7 l 18' 188 -194 - 2 5 178 -338 -18'1 16 -147 18'6 -24 6 -131 67 -27 
9 458 SBB -24 II 942 9 2 4 15 6 449 455 -7 17 435 379 23 7 U2 -U3 B 

1B 334 -328 2 B 878 843 32 12 28'2 226 - 8 7 481 481 B 18 -94 27 -6 8 51 18'5 -8 
II 58'6 -58'6 B 1 932 888' 47 13 738' -733 -2 9 -84 -23 -9 19 38'5 -283 6 9 933 923 7 
12 358 395 -17 2 725 -718' 14 14 236 -211 8 18' 793 738 49 28' -148' 47 -12 18' -liB -68' -14 
13 582 566 18' 3 258 -28'8' 28 15 58'4 537 -18 11 151 161 -3 11 555 -579 -16 
14 371 -389 - 7 4 715 645 67 16 29 -118' -8 12 759 -7 44 13 2 2 l 12 -28'8 58 -42 
15 298' -38'7 -6 5 459 48'5 37 I 7 281 -317 -13 13 -183 94 -39 13 392 411 -9 
16 325 339 -5 6 1113-18'59 44 18 -54 53 -3 14 30'4 38'7 -1 -19 246 -194 11 14 314 -323 -3 
17 38'5 264 12 7 192 -121 22 19 385 349 13 15 -145 32 -18 -18 137 132 B 15 165 -218 -13 
18 314 -356 -14 8 755 734 19 28' -18' -II 7 - 8 16 461 -429 15 -17 187 219 -8 16 294 267 8 
19 166 -119 7 9 18'1 -58 6 21 249 -258' B 17 -63 7 -2 -16 238' -218 3 17 211 237 -6 

18' 798' -755 38' 18 48'7 368 15 -1!) 269 -298' -7 18 243 -284 -11 .... 
2 -9 l 11 58'7 492 9 2 -4 L 19 -18'5 -81 -11 -14 48'2 48'6 -2 19 -131 -18'5 -15 co 

12 718 693 28' 28' 267 -255 3 -13 137 218 -22 .... 
B 322 244 35 13 385 -48'8 -11 B 18'68 1132 -57 -12 354 -315 18 2 4 
I 98'8 866 35 14 413 -414 B 1 718 -78'9 18' 2 -1 L -11 -147 -119 -34 
2 411 -319 49 15 334 373 -17 2 1443-1357 58 -1 8' 688 682 6 -19 46 66 -1 
3 1116-18'67 38 16 317 38'9 3 3 1481 1352 83 11 -113 84 -28' -9 -119 18'5 -27 -18 38'2 236 18 
4 327 281 22 17 357 -349 3 4 -68 168' -48' 12 731 -732 B -7 -Ill -2 -15 -17 -187 -56 -26 
5 489 442 29 18 178 -183 -1 5 931 -873 56 13 213 289 -3.9' -5 -137 -18'4 -39 -16 315 -348 -12 
6 314 -268 21 19 235 231 B 6 149 59 25 14 512 527 -8 -3 -161 221 -18'3 -15 162 218 -14 
7 631 -575 47 28' -73 143 -14 7 888' 838' 47 15 113 -176 -13 -2 363 1,78' -liB -14 448 396 24 
8 544 498 27 18' 123 116 1 16 352 -378 -11 -1 423 -468' -42 -13 124 -171 -11 
9 573 582 -5 2 -6 l II 98'7 896 9 17 373 366 2 1 192 353 -18'6 -12 397 -393 2 

1B 339 -328 5 12 354 -335 9 18 1BB 175 -13 2 364 511 -159 -11 361 385 -12 
11 434 -441 -3 8' 148'9 1373 23 13 888 -888 B 19 234 -251 -4 3 -125 -154 -53 -18' 214 221 -2 
12 5 74 566 5 1 118' -19 IS 14 38'9 355 -21 28' 145 -117 4 4 913 -939 -26 -9 725 -731 -6 
13 338 384 14 2 1334-1348' -4 15 384 411 -13 5 1167 1192 -28' -8 465 -462 2 
14 40'3 -40'8 -2 3 378' 375 -3 16 388 -427 -18 2 • l 6 665 688' -16 -7 485 519 -34 
IS 10'5 -249 -35 4 1346 1234 74 I 7 234 -287 -17 8 246 -289 -22 -6 78'8 722 -14 
16 486 453 15 5 394 -347 32 18 367 282 29 11 323 -352 -15 18' -7.9' 62 - 8 -4 28'2 -237 -17 
1 7 94 83 1 6 18'31 -882 123 19 297 247 14 12 383 -48'9 -14 11 597 -68'2 -3 -3 1122 1194 -62 
18 391 -366 9 7 453 471 -13 28' 278 -242 9 13 328 315 5 12 -172 36 -27 -2 -116 -7 -18 
19 88 - 4 4 8 771 716 51 21 143 -169 -4 14 4 10' 426 -8 13 78'8 681 28' -1 18'13-18'64 -48 

9 154 -161 -2 15 438' -418' 9 14 193 -187 1 B -119 -111 -35 
2 -8 l 18' 898 -874 28' 2 -3 l 16 134 -174 -8 15 58'7 -488 9 1 275 327 -35 

11 644 60'5 33 1 7 471 428 19 16 146 158 -2 2 63 159 -27 
B I 81 64 28 12 524 49.9' ZB B 542 -569 -32 18 -136 18'3 -19 I 7 289 322 -11 3 671 -728' -54 
1 752 698' 57 13 6 71 -652 15 I 8.9'6 -779 29 19 264 -279 -4 18 74 -111 -4 4 948' 921 17 
2 70'5 -638 62 14 511 -5 2 2 -5 2 416 -294 88 2.9' -153 -IS -1'3 19 133 -211 -14 5 lB28 18'34 -5 
3 876 - 889 -12 15 619 623 -2 3 2228 1999 1.9'7 6 671 -668' 11 
4 893 8 70' 2 .9' 16 136 263 -36 4 662 -591 77 2 1 l 2 3 l 8 355 376 -12 
5 740' 680' 55 I 7 260' -288 - 9 5 639 -587 57 9 1 2 8 161 -8 



1B 234 -267 -12 -11 427 438 -5 12 92 183 -16 B 223 284 -24 -3 573 -618 -26 4 327 -3JJ8 6 
11 -151 -39 -21 -1B 132 -245 -35 13 297 -387 -3 I 553 -573 -11 -2 213 156 14 5 275 175 23 
12 451 451 B -9 664 -655 7 14 -185 -186 -13 2 -78 73 -8 -1 452 428 11 6 299 3168 -2 
13 126 133 -1 -8 134 92 8 15 197 177 4 3 298 255 13 B 276 -269 2 
14 454 -485 -15 -7 914 936 -19 4 221 188 18 1 336 -342 -2 2 u L 
15 -188 -22 -8 -6 651 -632 17 2 8 l 5 586 -4816 13 2 123 92 4 
16 338 328 6 -5 7168 -726 -17 6 -49 -34 -2 3 531 498 216 -1· 257 243 3 
17 98 -26 4 -4 885 878 6 -18 -162 -121 -23 7 434 437 -1 4 168 -211 -IB -9 214 17B 8 
18 295 -241 14 -3 782 797 -14 -17 297 -241 15 8 131 -87 6 5 359 -366 -2 -8 396 -327 23 

-2 813 -855 -41 -16 167 154 2 9 415 -392 9 6 312 331 -6 -7 117 -79 4 
2 5 L -I 175 -286 -12 -IS 192 194 8 1B 217 143 16 7 229 173 13 -6 347 327 6 

1 4216 488 7 -14 175 -228 -11 11 334 298 14 8 442 -486 14 -5 155 -4 13 
-19 -141 149 -24 2 948 -929 1B -13 2167 -231 -7 12 -183 -45 -7 9 229 -125 2B -4 588 -469 15 
-18 ZB8 246 -9 3 122 -59 11 -12 431 393 17 13 299 -2916 2 116 257 241 4 -3 157 -19 13 
-17 253 -199 13 4 1148 1127 116 -11 -159 88 -27 -2 472 us 9 
-16 2163 -278 -22 5 -84 B -6 -1B 37B -376 -2 2 1B l 2 12 l -1 252 -43 32 
-15 356 354 B 6 866 -839 22 -9 -112 -16 -116 B 358 -345 4 
-14 51 122 -9 7 185 2165 -6 -8 741 728 18 -16 257 268 -2 -14 119 -36 6 1 1216 141 -3 
-13 392 -357 15 8 278 269 3 -7 IB4 -124 -3 -15 126 4 9 -13 327 313 4 2 318 278 11 
-12 124 -216 -25 9 -186 -9B -16 -6 672 -672 B -13 189 126 11 -12 118 47 6 3 2162 -156 8 
-11 647 627 16 116 483 -478 7 -5 149 78 14 -12 378 356 8 -11 392 -419 -lB 
-116 -67 -IBI -13 11 39 -216 B -4 864 8916 -22 -11 1162 -154 -8 -IB 1B4 51 5 3 -16 l 

-9 899 -934 -31 12 577 5416 19 -3 319 -272 21 -1.8' 371 -356 6 -9 C24 431 -3 
-8 144 -141 B 13 151 -185 -7 -2 C37 -438 16 -9 146 ISS -1 -8 98 -54 4 • 287 -2·4 2• 
-7 11695 11635 C8 14 293 -269 7 -1 182 1B9 18 -8 368 361 3 -7 455 -476 -9 1 316 -117 4Z 
-6 366 -387 -13 15 262 23.8' 8 B 693 692 1 -7 227 -19C 9 -6 236 2.8'2 9 2 3916 419 -1.8' 
-5 841 -851 -9 16 122 148 -3 1 455 -C28 19 -6 282 -285 -1 -5 278 335 -2.8' 3 331 147 C3 
-c 194 2161 -3 2 765 -H5 16 -s 437 CS6 -9 -4 269 -292 -8 4 524 -485 16 
-3 68C 626 -24 2 7 l 3 346 366 -9 -c 128 139 -2 -3 37.8' -431 -27 5 325 -1168 47 
-2 -82 s 1 -11 4 647 648 5 -3 416 -432 -8 -2 342 37.8' -11 6 H6 38.8' -12 .... 
-1 331 -362 -21 -18 -89 15 -4 s 546 -538 4 -2 165 -191 -7 -1 CB3 4118 -2 1 27.8' -73 35 co 

B 295 353 -38 -17 387 -H5 14 6 26.8' -222 13 -1 612 6.8'2 6 B 321 -29.8' 11 9 294 151 32 00 
1 lBBI6 1.8'24 -22 -16 36 71 -2 7 564 553 6 B 169 13.8' 8 1 2167 -179 6 1B 397 4.8'4 -2 
2 711 -7.8'6 4 -15 278 238 12 8 3165 313 -3 1 521 -493 15 2 4416 382 2C 11 323 -179 34 
3 678 -66.8' 17 -14 l16C -119 -2 9 532 -517 7 2 83 -54 3 3 165 18 16 
4 796 786 9 -13 342 -317 9 116 -16.8' -177 -42 3 319 296 9 4 419 -424 -1 3 -15 l 
5 3.8'7 356 -28 -12 197 175 6 II 396 3716 1B " 239 -214 7 5 2.8'7 -tiC 17 
6 678 -679 B -11 258 272 -5 12 -182 -55 -8 5 437 -452 -7 6 237 2SC -4 • 432 -4•2 11 
7 5C7 -539 6 -18 228 -243 -5 13 296 -323 -8 6 288 259 lB 7 154 liB 6 1 241 45 31 
8 H7 7316 15 -9 561 -575 -8 14 -8C 26 -4 7 486 431 -11 8 2H -262 3 2 414 379 13 
9 122 161 -9 -8 819 812 5 8 282 -159 9 9 -115 46 -8 3 3164 -213 26 

116 513 -533 -13 -7 388 373 8 2 9 l 9 288 -244 12 4 384 -4114 -7 
11 -146 46 -19 -6 686 -684 1 lB 282 244 1B 2 13 l 5 312 191 33 
12 537 535 I -5 355 -348 4 -17 -111 -111 -14 11 -99 1216 -14 6 334 297 12 
13 -95 -98 -12 -4 582 612 -2s -16 267 219 12 12 1516 -2216 -13 -12 154 -129 3 7 214 -191 5 
14 333 -362 -11 -3 274 299 -12 -15 159 148 2 -11 3162 -282 5 8 339 -268 24 
15 -74 182 -IB -2 8716 -889 -17 -14 268 -285 -5 2 11 l -IB 225 2JJ3 5 9 30 296 15 
16 264 218 12 -1 212 -1316 26 -13 -215 -64 -36 -9 288 2•8 11 1B 3.8'7 322 -5 
17 153 -156 B B 11685 1881 2 -12 351 361 -4 -15 196 -196 -2 -8 294 -28• 2• 11 us -484 16 

1 219 17 43 -11 -131 -86 -18 -14 . 59 -223 -26 -7 324 -3CB -5 12 32.8' -245 21 
2 6 L 2 712 -686 23 -1B 434 -•89 12 -13 296 288 2 -6 317 231 25 13 328 335 -2 

3 425 416 5 -9 168 141 6 -12 241 223 4 -5 356 3C9 2 14 -133 liB -16 
-19 187 199 -2 " 696 653 36 -8 567 572 -2 -11 461 -428 14 -4 3916 -363 1B 
-18 193 158 6 5 546 -5•1 3 -7 -81 5 -5 -116 179 -9B 15 -3 2B6 -219 -3 3 -u l 
-17 324 -314 3 6 H7 -H3 3 -6 •28 -455 -14 -9 358 346 4 -2 Hl 433 3 
-16 82 -1161 -2 7 396 388 7 -5 1168 189 -19 -8 163 89 12 -1 146 23 12 B 423 -373 2• 
-15 333 347 -5 8 479 477 1 -4 4616 475 -8 -7 411 -C83 3 B 3516 -359 -3 1 353 348 4 
-14 -198 -9 -31 9 337 -348 -4 -3 493 -538 -22 -6 166 -72 15 I 247 -157 ZB 2 5161 481 9 
-13 514 -463 25 1B C23 -397 12 -2 SB3 -513 -5 -5 688 628 -11 2 392 369 8 3 463 -436 12 
-12 -162 92 -29 11 458 465 -3 -1 556 542 8 -4 75 -11 4 3 113 45 6 4 376 -352 9 



5 5JU 5B8 -1 4 6B9 575 ZB IS 569 553 14 4 - 1 72 - 2 19 -1B9 
6 2B7 95 21 5 6H 6B3 14 3 -8 L 11 588 554 29 1 -132 -288 -132 6 315 -3'37 -62 
7 488 -5B3 -7 6 75B -742 6 12 6B3 -595 7 3 -247 -8JJ -95 8 -1BB 42 -16 
8 293 -234 18 9 769 746 18 B 972 971 1 13 95B -921 22 5 413 -U7 -34 IB 27B -294 -11 
9 46B 473 - 5 9 183 71 21 1 822 -799 21 14 524 535 -6 6 115B IJJ16 1B2 11 583 -579 3 

IB 182 1B9 13 1B 394 -4JJ2 -3 2 859 -857 1 15 331 387 -25 7 -157 -79 -41 12 19JJ 216 -8 
11 377 -us -28 11 162 -121 8 3 678 693 -14 16 361 -363 B 8 11B5-IB84 18 13 678 695 -14 
12 2JJ6 32 23 12 569 6JJ1 -21 4 724 658 6JJ 17 166 -22JJ -13 9 -158 3 -31 14 388 -421 -16 
13 386 436 -19 13 123 -II 7 1 5 8JJ8 -729 7B 18 42B 41B 3 lB 895 857 34 IS 281 -289 -2 
14 75 -96 -2 14 542 -548 -2 6 378 -31JJ 37 19 156 1 14 11 466 -u 1 15 16 462 451 5 
IS 361 -393 -II 15 -159 64 -zs 7 836 78JJ 49 2JJ 235 -257 -5 12 425 -465 -24 17 169 197 -6 

16 531 569 -18 8 36JJ 324 19 21 -1JJ8 -9JJ -lJJ 13 -475 49JJ -8 18 3JJ7 -328 -7 
3 -13 L 17 116 -129 -1 9 719 -659 52 14 293 3U -9 19 31 -131 -9 

18 381 -367 5 IS 172 -171 B 3 -5 L 15 321 -341 -8 2B 242 231 2 
B 385 -325 24 1 1 739 725 12 16 363 -394 -14 
1 517 48JJ 18 3 -tB l 12 -128 93 -21 B 284 -317 -21 17 475 5B2 -13 3 1 l 
2 412 297 46 13 512 -498 8 2 8B1 8B4 -3 18 21'3 211 1 
3 661 -691 -2B • 197 128 18 14 -1/66 6 -9 3 2254 2/689 76 19 33/6 -355 -8 -19 -Z4B ., -35 
4 388 -322 27 1 352 291 28 15 52/6 519 B 4 823 -74/6 8JJ 2B 143 -l/67 6 -18 246 197 11 
5 577 643 -38 2 987 -967 16 16 2/67 -143 14 5 372 -335 26 21 329 272 15 -17 -152 -21 -IS 
6 235 175 16 4 973 948 2B 17 JB9 -352 -16 6 69JJ 653 38 -16 3BB -293 2 
7 587 -6/61 -8 5 557 469 52 18 74 98 -2 7 218 164 23 3 -2 L -15 -2JJ 148 -15 
8 163 86 13 6 778 -714 53 19 362 291 23 1JJ 699 661 34 -14 386 383 1 
9 55B 583 -17 7 2U -112 36 2JJ 2JJ1 -211 -2 11 42JJ 418 1 B 653 -7JJ9 -66 -13 74 -122 -7 

lB 3JJ8 -289 6 8 687 669 u 12 73/6 -716 12 1 276 433 -127 -12 362 -327 16 
11 454 -49B -17 9 247 -227 7 3 -7 L 13 242 -314 -3B 3 564 -572 -8 -11 -134 16JJ -39 
12 245 195 13 •• 627 -664 -3B 14 494 499 -2 5 191 315 -78 -1· 327 366 -2• 
13 334 435 -41 11 272 266 2 • 812 812 B 15 -1JJ8 6 -9 6 . 485 HZ 46 -9 SBJ -526 -18 
14 297 -33B -II 12 67B 68B -6 1 52B -513 7 16 513 -543 -16 8 167 -212 -19 -8 349 -329 11 
15 225 -313 -25 13 283 -286 -1 2 533 -535 -I 17 -145 37 -16 9 8JJ4 772 3B -6 464 474 -8 
16 217 299 -22 14 395 -481 -2 3 918 9/69 8 18 497 48B 7 ll 425 -451 -16 -4 521 -583 -1B .... 
17 JBJ 3B8 -I 15 294 33B -13 4 976 874 88 19 -1/68 -67 -1B 12 -124 -1/63 -24 -2 218 358 -98 ~ 16 us 424 9 5 1399-1252 95 2B 358 -29JJ 21 13 337 349 -5 B -61 332 -148 

3 -12 L 17 367 -379 -4 6 95 -28 9 21 -159 68 -17 u 234 292 -22 1 ... 562 -153 
18 262 -262 B 7 691 615 7B 15 573 -558 9 2 337 -388 -48 

• 232 79 33 19 221 218 B 8 53 66 -1 3 -4 L 16 -91 -32 -7 3 1246-125JJ -2 
1 624 648 -9 9 98JJ -918 51 17 491 473 8 4 751 789 -42 
2 213 -162 14 3 -9 L lB 347 321 13 • 111 -287 -91 18 -114 -25 -9 5 892 957 -66 
3 696 -684 8 11 793 758 29 1 551 -629 -97 19 355 -328 9 6 514 -SIB 3 
4 398 317 36 B 824 818 5 12 2B7 -2u -13 2 439 U9 -11 2B -147 71 -16 7 437 -461 -21 
5 723 766 -34 1 224 -38 43 13 643 -68B -26 3 1 1B7 1B46 SB 8 87B 887 -15 
6 232 -115 29 2 931 -929 1 14 464 489 -13 4 869 -816 53 3 -1 L 9 452 438 8 
7 756 -771 -II 3 287 1JJ8 6JJ 15 345 367 -1B 5 l245-1B9B 1B9 1B 687 -7JJ2 -13 
8 263 236 9 4 811 732 67 17 287 -328 -14 6 1155 J/673 63 9 1262 1244 13 11 JB4 -334 -14 
9 451 46JJ -4 5 34B -262 37 18 226 28B -16 7 389 419 -23 lB 82 -181 -27 12 3B2 328 -II 

11 535 -555 -l.JJ 6 lB63-lB1 7 36 19 215 16JJ 11 8 1218-1/693 91 11 712 -714 -1 13 211 286 -28 
12 483 5B9 -12 7 416 37B 25 2B 195 -243 -11 9 81 136 -13 12 -154 92 -JB 14 55JJ -532 9 
13 39/6 384 2 8 642 597 34 11 -158 32 -26 13 512 543 -18 15 -67 -53 -5 
14 514 -5/68 2 9 154 -53 17 3 -6 l 12 1B42-1JJ2B 17 14 -liB -19 -lJJ 16 474 476 • 15 183 -195 -2 IB 548 -557 -9 13 19B 247 -2JJ 15 394 -412 -9 17 -99 78 -IS 
16 461 473 -5 11 485 497 -6 • 181 116 23 14 421 468 -26 16 381 377 I 18 34B -351 -4 
17 254 154 21 12 646 663 -11 1 849 -873 -24 15 332 -355 -lJJ 17 316 JBJJ 5 19 -49 -l.JJ -I 
18 48JJ -42B -7 13 -476 -49B -7 2 -96 42 -14 16 466 -471 -2 18 2BS -234 -7 

14 369 -489 -19 3 1469 1345 77 17 31B 369 -24 19 277 -284 -2 3 2 
3 -11 L 15 584 598 -7 4 173 147 9 18 345 325 7 2B -35 176 -18 

16 39 us -12 5 15B8-133B U6 19 193 -173 4 -19 -13 lJJ6 -6 

• 346 31B 16 1 7 456 -437 8 6 559 535 24 2JJ 246 -238 1 3 B L -18 15JJ 1 71 -3 
1 483 494 -6 18 2B -99 -5 7 962 884 68 21 187 215 -5 -17 126 -1B4 3 
2 338 -3B2 16 19 265 3B3 -11 8 - 83 -lBB -19 B -224 -146 -98 -16 287 -268 6 
3 748 -748 B 2JJ -149 3B -13 9 94B -878 53 3 -3 L 2 -14B 182 -69 -15 243 253 -3 



-14 2.1'3 237 -IJJ 15 2.1'3 3.1'5 -33 -1 41.1' 486 2 -17 -76 8 -3 7 519 513 3 I -166 -83 -28 
-13 277 -254 8 16 249 265 -4 8 813 829 -16 -16 383 236 19 8 519 -558 -21 2 288 287 8 
-12 247 -H 1 -41 17 288 -315 -11 1 -15 -75 -6 -15 -94 15 -5 9 166 -168 1 3 -98 -66 -IJJ 
-11 292 261 12 18 85 -123 -4 2 755 -768 -11 -14 486 -332 28 18 384 4B7 -18 4 522 -&21 8 
-lB -67 92 -12 3 39B 424 -22 -13 -146 111 -24 11 -33 9 8 5 -49 II -1 
-9 435 -u2 

---
3 4 l 4 781 763 16 -12 413 388 14 12 378 -HS 12 6 438 43B 3 

-8 -161 6 -28 5 731 -732 -1 -11 281 -2-'7 11 13 175 -95 12 7 217 -172 18 
-6 141 -175 -12 -18 -1.1'2 -31 -6 6 622 -618 3 -18 475 -457 9 1-' 258 266 -2 8 258 -188 IS 
-4 99 231 -s.- -11 369 -316 18 7 738 78B 25 -9 469 -'68 1 9 211 289 -22 
-2 12 -164 -37 -16 -157 29 -17 8 78 -88 8 -8 387 281 18 3 9 l 18 195 248 -15 

8 -19JY -1JY8 -7B -15 331 339 -2 9 229 -283 -216 -7 298 -331 -u 11 166 -159 1 
2 283 -294 -.-9 -u -1JY9 -121 -19 1B 137 -166 -6 -6 564 -553 6 -16 -82 153 -17 
3 1889-1JY-'9 -38 -13 3U -351 -3 11 552 54B 7 -5 792 781 9 -15 239 -219 5 3 II l .. 1384 1416 -22 -12 76 149 -12 12 -111 1B9 -18 

---
332 333 JY-14 41 -93 -4 

5 666 692 -28 -11 255 JIB -23 13 UJ8 -438 - 116 -3 743 -766 -28 -13 282 243 -IS -U 122 167 -6 
6 589 -598 8 -1B 173 -231 -18 u -lU -15 -14 -2 338 -JJY6 15 -12 143 98 7 -13 3JY8 239 18 
7 576 -578 -2 -9 473 -498 -1.8 15 258 252 1 -I 751 735 13 -11 46JY -us 6 -12 269 -Z1JY 14 
9 88 14B -11 -8 393 U2 -29 16 1.8-' -126 -2 8 325 3.82 11 -1JY -131 27 -13 -11 234 -196 11 

18 8-'9 -8-'5 3 -7 496 5.88 -9 17 127 -193 -11 1 773 -753 17 -9 U8 -'IS 8-lB 287 28JY 2 
11 -1168 -51 -12 -5 138 -288 -26 2 121 146 -5 -9 66 118 -7 -9 10 176 -6 
12 845 857 -9 -2 633 -681 -51 3 6 l 3 889 872 13 -7 396 -3U 23 -8 45JY -39-' 23 
13 -161 -15 -22 -1 358 --'12 -39 4 181 -163 5 -6 2-'7 229 5 -7 -188 -55 -1JY 
u 512 -521 

---
B 373 437 ---9 -18 261 -217 18 5 785 -764 17 -5 438 U7 -9 -6 386 U.t' -5 

15 -186 -'8 -28 1 111 178 -23 -17 -74 -118 -11 6 217 184 9 -4 261 -322 -25 -5 -7.8 -u -4 
16 37.8 351 7 3 716 753 -38 -16 228 264 -1.8 7 582 473 16 -3 5B7 -527 -11 -4 382 -4B6 -lB 
17 -z.- -126 -IS 4 657 665 -7 -15 93 117 -3 9 378 -4JY3 -12 -2 339 359 -18 -3 -127 -18 -12 
18 283 -296 -3 5 -141 -25 -23 -u 369 -363 2 9 477 -5B8 -16 -1 352 356 -1 -2 478 588 -II 
19 -129 112 -16 6 681 -681 .8 -13 -134 -22 -13 1JY 354 381 -11 8 474 -453 11 -I -62 -79 -7 

7 345 319 13 -12 435 397 18 11 327 287 14 1 276 -388 -9 .. 541 -548 -3 
3 3 l 8 125 1B7 3 -11 69 149 -13 12 129 -2 u -18 2 382 3-'2 18 1 25 74 -3 w 

9 4JJ4 -391 7 -18 663 -655 6 13 138 -188 -9 3 187 168 5 2 41JY 424 -6 8 -18 -183 72 -9 1.8 -134 -137 -32 -9 -95 45 -9 14 165 18JJ -3 4 37JY -355 6 3 198 -2JY5 -1 
-1:" 28JY -218 16 11 536 543 -4 -8 668 678 -8 15 -197 72 -26 5 87 -65 2 4 235 -228 1 
-16 2JJ6 -158 lB 12 158 185 -6 -7 435 -433 1 6 362 34B 9 5 281 231 14 
-15 3916 H9 16 13 3.83 -361 -24 -6 738 -731 6 3 8 l 7 -131 38 -13 6 389 268 12 
-14 -151 84 -23 14 112 -188 -13 -5 418 us -21 8 465 -493 -13 7 212 -261 -13 
-13 UJ -416 13 15 318 289 9 -4 754 772 -16 -17 -199 83 -27 9 -59 -15 -2 8 199 -263 -16 
-12 -76 -166 -27 16 -148 45 -15 -3 438 -476 -25 -16 246 198 11 1B 462 473 -4 9 281 276 1 
-11 382 4B6 -12 17 291 -253 18 -2 53JY -516 9 -15 162 -138 4 11 -141 -1 -12 lB 57 IU -8 
-lB 54 -113 -8 18 -69 -47 -3 -1 745 7U 8 · -1-' 294 -227 19 12 389 -299 3 

-9 373 -38JJ -3 8 596 597 -u -13 252 213 lB 13 -16B 53 -16 3 12 l 
-8 169 211 -14 3 5 l 1 935 -9JY9 22 -12 147 186 -8 
-6 4JY4 -439 -28 2 19B -142 15 -11 425 -427 -1 3 1.1' l -12 359 -335 7 
-4 534 559 -27 -18 174 -136 6 3 595 598 -2 -1JJ 127 -33 1 1 -II 52 -3B I 
-I -169 67 -46 -17 3169 -246 18 .. 324 293 15 -9 5B3 5.86 -1 -15 296 -257 1.1' -1JY 331 3JY9 7 

B 457 SB2 -45 -16 -33 167 -18 5 417 -4169 5 -9 -79 3 -5 -14 174 5 16 -9 178 7 18 
1 279 365 -61 -15 224 265 -12 6 2.82 -184 5 -7 377 -398 -11 -13 358 323 9 -8 358 -331 6 
2 678 -7JJ8 -42 -14 346 -331 6 7 SIS 539 -14 -6 -33 -132 -15 -12 -181 -22 -6 -7 1U 19 12 
3 487 -515 -38 -13 268 -286 19 8 -27 92 -7 -5 62.8 662 -35 -11 481 -368 16 -6 326 285 13 .. 743 769 -26 -12 583 481 11 9 753 -758 2 -4 1B2 67 5 -18 132 167 -6 -5 164 -153 2 
5 -39 143 -26 -11 llB 134 -4 18 -47 -38 -2 -3 656 -674 -14 -9 259 222 11 -4 us -478 -14 
6 945 -926 16 -1JY 392 -481 -4 11 521 5.86 7 -2 -182 38 -1JY -8 -31 -63 -3 -3 2JY6 256 -14 
7 46 146 -28 -9 219 -265 -17 12 66 -1916 -22 -1 985 993 -6 -7 186 -2B5 -4 -2 252 321 -23 
8 954 929 21 -9 5816 583 -2 13 332 -389 9 B 483 -423 -11 -6 291 294 z -1 24 7 -232 4 
9 -118 57 -16 -7 I 416 153 -3 I 4 125 149 -3 1 781 -71.8 -7 -5 295 262 II B 235 -164 17 

18 455 -435 11 -6 817 -799 I 5 15 38B 246 15 2 213 2.87 1 -4 474 -473 8 1 277 278 8 
11 -192 -12 -33 -5 1.83 -164 -16 16 65 -145 -9 3 418 417 -3 -3 416 -392 11 2 381 248 18 
12 581 513 -6 -4 829 949 -18 4 182 -247 -21 -2 613 653 -23 3 189 -254 -16 
13 285 -271 5 -3 95 -163 -19 3 7 l 5 533 -534 B -1 194 89 I 9 .. 344 -268 23 
1 4 457 -485 -14 -2 596 -617 -31 6 493 471 6 16 392 -3516 18 5 272 264 2 



6 226 42 26 8 233 II 38 2 535 -592 -33 11 -189 -44 -12 
7 245 -251 - 1 1 335 292 14 .. 7B3 771 -55 .. -9 L 13 341 347 -2 • 1178-1 U6 -21 
8 -138 79 -12 2 117 -47 7 5 212 37 32 14 488 588 -18 1 454 519 -69 

3 438 -423 3 6 885 -869 12 8 231 214 & 15 165 -245 -24 2 587 581 7 
3 13 L 4 222 78 25 7 369 282 35 1 691 -687 3 16 433 -489 -28 3 1816 -985 28 

5 448 422 18 8 699 725 -2B 2 181 -7 29 I 7 192 277 -2S .. 734 -738 .. 
-18 279 276 1 6 319 -229 26 9 363 -316 19 4 288 72 33 18 263 299 -It 5 734 668 67 

-9 248 -111 23 7 475 -458 11 18 624 -659 -28' 5 1814 -966 63 19 229 -277 -13 6 662 598 7Z 
-8 36B -341 6 8 365 257 34 11 39B 399 - 4 6 144 63 15 28 287 -288 1 7 1371-1227 93 
-7 288 123 15 9 51 3 488 18 12 431 588 -38 7 985 883 19 8 55 -136 -18 
-6 161 232 -15 18 343 -327 5 13 359 -398 -16 8 196 - 44 38 .. -6 L 9 1391 1294 63 
-5 263 -223 18 II 384 -371 4 14 338 -342 -1 9 987 -9S8 29 18 243 246 -I 
-4 2S4 -216 9 12 298 275 4 15 575 577 -I 18 389 373 8 8 537 -543 -s 11 IB88-1886 1 
-3 385 318 -4 13 219 282 3 16 218 28S 3 II 683 685 -1 1 247 -272 -14 12 342 386 -23 
-2 264 27B -1 14 389 -442 -19 17 473 -4 77 -1 12 23S -388 -29 2 1464 1457 4 13 158 224 -22 
-1 434 -481 12 18 82 -43 2 13 511 -56S -31 3 211-282 4 14 45 -186 -26 

B 249 -191 13 4 -u L 14 533 526 3 4 1287-1174 79 15 565 -558 8 
1 327 349 -7 .. -11 L 15 276 252 7 5 254 -259 -3 17 446 484 -18 
2 191 -6 28 8 295 226 28 16 458 -48S -16 6 1316 1288 79 19 183 -137 -5 
3 266 -197 16 1 483 426 -9 8 518 524 -7 17 196 -267 -19 7 295 -277 9 19 318 -373 -28 .. 147 59 9 2 359 -313 17 1 271 -218 19 18 448 483 IS 8 13B6-ll5B 186 28 lBB 265 -28 
5 345 388 11 3 337 -319 6 2 661 -689 -23 19 116 44 6 9 443 386 34 21 139 289 -12 .. 465 474 -4 3 481 512 -18 2B 299 -341 -13 11 42B -484 8 

3 14 L 5 383 337 18 4 464 489 -I 4 12 1893-1188 -5 4 -3 L 
6 S65 -592 -14 5 544 -sur 2 4 -8 L 13 2S8 332 -32 

-7 263 259 8 7 433 -us -5 6 492 -488 6 14 466 467 8 • 267 -355 -64 
-6 234 115 21 8 467 486 -8 7 SSI 564 -8 8 312 -268 21 15 341 -361 -8 1 268 316 -33 
-5 419 -384 12 9 259 91 35 8 446 42S 11 1 668 -6Sl 9 16 2S8 -385 -17 2 68 -289 -52 
-4 184 -38 1 7 18 488 -419 -8 9 314 -334 -8 2 486 394 7 17 511 534 -11 3 578 -552 28 
-3 399 356 14 1 1 287 -75 22 18 163 -123 8 3 952 944 7 18 185 174 -12 4 492 -463 32 ~ -2 185 - 7 18 12 454 431 9 11 593 685 -6 4 783 -736 43 19 393 -375 6 5 1288 1164 34 
-1 286 -317 -9 13 215 85 21 12 12B 54 8 5 558 -S3B 16 2B 198 -188 15 6 -164 137 -68 .... 

B 219 3B 24 14 385 -482 - 6 13 539 -535 2 6 882 888 63 21 361 319 13 7 889 -816 66 
1 333 291 12 15 146 3B 11 14 21B -173 9 7 521 459 39 8 -136 -52 -26 

16 368 417 -17 15 636 637 B 8 691 -658 29 4 -5 L 9 988 942 39 
4 -17 L 16 -77 -92 -9 9 454 -437 9 18 327 -355 -16 

.. -13 L I 7 424 -472 -2B 1B 362 348 1B 8 1216-1385 -78 11 514 -558 -24 .. 335 -294 12 18 -69 23 -3 11 324 327 -1 1 149 282 -23 12 259 238 11 
5 461 464 -1 8 447 444 1 19 365 48B -12 12 479 -466 7 2 988 963 16 13 533 544 -6 
6 367 26..0' 3B 1 378 4B3 -11 13 241 -222 6 3 588 -528 -12 14 242 -388 -27 
7 424 -358 22 2 549 -568 -18 .. -18 L 1 4 528 563 -24 .. 356 -343 9 15 448 -491 -28 

3 366 -348 1B 15 -99 -29 -8 5 298 288 1 16 527 557 -16 
4 -16 L .. 521 549 -15 B 333 389 1B 16 415 -44 l -12 6 1389 1192 79 17 266 313 -17 

6 738 -762 -18 1 633 -623 7 I 7 -144 54 -16 7 1497-1356 84 18 354 -398 -17 
8 338 -288 34 7 236 -54 35 2 729 -722 6 18 488 478 4 8 625 -544 76 19 184 -179 1 
1 382 356 9 8 659 788 -32 3 632 632 B 19 241 -225 3 9 548 525 21 ZB 283 283 -21 
2 328 222 26 9 238 -75 31 4 747 752 -4 2B 348 -388 12 18 731 724 7 
3 422 -482 7 lB 479 -523 -22 s 78B -751 24 11 668 -641 17 4 -2 l .. 336 -178 42 11 268 117 32 7 981 955 2B 4 -7 L 12 367 -355 5 
s SIB 484 11 12 589 58B .. 8 139 Ill s 13 47B 474 -1 • -223 lU -186 
6 252 -IS 34 13 252 -258 8 9 724 -718 lB B 318 -356 -23 l4 113 169 -12 1 672 7211 -57 
7 413 -454 -16 14 488 -394 s 1B -188 -26 -18 I 449 -458 -7 15 637 -675 -29 z 31~ -4112 -78 
8 258 -2 33 15 248 259 -3 11 562 572 -6 2 78B 883 -23 16 -191 -47 -31 3 169 -262 -51 
9 459 468 8 16 427 432 -2 12 -57 -67 -6 3 U16 976 34 17 527 565 -19 .. -117 124 -41 

u 253 - 85 29 17 262 -2SB 3 13 544 -566 -12 4 993 -916 65 18 -114 36 -9 5 343 377 -24 
11 388 -344 1 4 14 33B 273 21 5 686 -568 " 19 452 -~3B 9 6 555 -568 -13 
12 264 119 27 4 -12 L IS 459 523 -32 6 1B9B 1BZ8 56 2B -24 98 -5 7 859 -823 34 

17 298 -363 -23 7 187 1.05 23 21 257 389 -14 8 344 351 
_, 

4 -15 L B 397 374 18 18 s 1 162 -14 8 1575-14 2 3 87 9 886 772 31 
I 188 -69 22 19 324 278 13 9 92 -2 8 .4 -4 L u 583 -521 -14 



11 -53 -87 -9 8 759 829 -76 1 883 -815 -11 -13 333 347 -5 
12 325 337 -5 -18 -127 -19 -9 1 351 -39S -28 .( .( L 2 .485 5S2 -11 -12 6B -8.4 -2 
13 4UJ .415 -2 -17 243 -2B9 8 2 913 -955 -41 3 677 678 B -11 .467 -.41.4 24 
14 481 -459 12 -16 -158 49 -17 3 59B 61S -21 -18 223 -198 5 4 522 -SIB 8 -1B 312 3B9 1 
15 -58 -134 -16 -15 228 247 -5 .( 1176 1174 1 -17 -123 -16 -9 5 351 -338 6 -9 .491 .495 -7 
16 U7 472 -12 -14 -12S -76 -15 5 578 -599 -22 -16 228 ZJB 4 6 -69 39 -5 -8 245 -227 6 
17 63 84 -2 -13 35B -334 6 6 719 -739 -19 -15 -1S4 5 -7 7 258 JIB -22 -7 3S5 -3B.C 8 
18 .438 -446 -3 -12 ISB 222 -29 7 1179 1193 -11 -14 4SS -34 7 21 8 553 -558 -3 -6 293 JSS -s 
19 -167 51 -19 -11 393 437 -23 8 263 269 -2 -13 lSB 168 -11 9 379 -371 3 -5 287 311 -u 
zs 274 283 -2 -1S -84 -149 -25 9 899 -89S 7 -12 298 277 7 1B 691 7B6 -11 -.4 392 -.416 -12 

-9 ·U2 -495 -57 1B 3B2 -317 -7 -11 213 -254 -14 II -114 183 -18 -3 621 -6.45 -18 
-1 L -8 27S 324 -26 11 687 694 -5 -18 435 -492 -32 12 34 7 -346 B -2 668 698 -18 

-7 567 583 -15 12 193 zu -17 -9 39 157 -19 13 -183 3 -24 -1 197 225 -9 • 297 .412 -93 -6 927 -925 2 13 .497 -528 -17 -8 258 29S -13 14 25.4 2U 2 s 913 -917 -3 
1 574 6SB -4B -5 .46B -.487 -2B 14 17 -174 -22 -7 182 -227 -15 15 -11S -24 -7 1 17S 68 19 
2 136 -286 -82 -4 567 593 -28 15 49S 479 5 -6 336 -352 -8 16 297 -237 16 2 766 729 29 
3 1679-1779 -62 -3 329 427 -74 16 13S -Ill 3 -5 629 622 6 17 -147 21 -12 3 -97 77 -13 
4 146B 1465 -3 -2 1125-1218 -81 17 368 -36S 2 -4 626 626 B 4 .475 -.463 6 
5 1276 1213 45 -1 -165 -95 -5B 18 -147 62 -15 -3 466 -52.4 -42 .( 6 L 5 -145 -41 -19 
6 1243-12S9 25 B 1B91 113S -34 19 152 214 -12 -2 58 -63 B 6 486 .479 3 
7 627 -639 -12 1 2U 258 -7 -1 687 684 2 -17 181 135 7 7 153 -177 -5 
8 969 97B B 2 1139-1248 -93 4 3 L B -168 -4B -33 -16 8.lJ 88 • 8 587 -62.f -21 
9 127 212 -29 3 421 451 -29 1 799 -837 -37 -15 225 -222 .f 9 28.4 286 B 

IS 7B5 -715 -9 4 985 us.c -18 -18 16B -148 2 2 -23 -62 -.4 -14 -127 -1.47 -25 1S 264 312 -17 
11 -1B7 -175 -4B 5 SB1 -sse -8 -17 175 -11S 1B 3 659 674 -14 -13 347 341 2 11 -88 -124 -15 
I 2 551 557 -3 6 631 -61B 2S -16 233 199 8 .( -129 123 -34 -12 126 193 -12 12 157 -196 -9 
13 -158 -21 -22 7 629 636 -7 -15 166 148 3 5 678 -662 14 -11 561 -538 12 13 176 198 -4 
14 319 -355 -16 8 792 798 -5 -14 283 -287 -1 6 458 U3 8 -1B -166 -18 -23 14 212 135 14 
15 2.41 311 -26 9 211 -249 -15 -13 -91 -95 -13 7 162 99 1.4 -9 - 656 626 22 15 2B3 -179 .( 

16 .427 433 -2 1B 566 -559 6 -12 .419 37S 22 8 456 -.493 -22 -8 -186 -25 -31 ..., 
17 136 -176 -8 11 339 351 -6 -11 -199 -51 -37 9 284 -265 7 -7 381 -369 6 .( 8 L 0 
18 313 -351 -13 12 323 339 -7 -1S 439 -4 73 -19 IS 32B 362 -2B -6 -liS 98 -17 ...., 
19 -147 115 -21 13 511 -542 -17 -9 -176 -116 -41 11 251 293 -16 -5 645 637 7 -1& -159 -55 -1& 
2S 97 174 -11 1.4 233 -286 -19 -8 558 562 -3 12 313 -3S.f 4 -4 433 -42S 7 -15 137 -134 B 

15 365 376 -4 -7 315 -382 -37 13 3SB -319 -7 -3 433 -.481 -29 -14 195 146 9 
4 .f L 16 19S 259 -19 -6 447 -452 -3 14 346 319 9 -2 423 437 -8 -13 289 211 B 

17 387 -423 -15 -5 6S4 6S7 -2 15 134 169 -6 -1 528 549 -1& -12 2S6 -256 -14 
B 934 1.f41 -111 18 -157 -47 -16 -4 518 534 -16 16 228 -246 -4 B 591 -6B6 -9 -11 14.f -172 -6 
1 29B 4.f7 -93 19 ns 281 11 -3 642 -671 -31 17 -134 -98 -16 1 5B1 -484 1B -1.f 414 39B l.f 
2 7BS -7Bl s -2 -72 -132 -28 2 433 4B1 18 -9 331 321 4 
3 463 -452 12 4 2 L -1 474 512 -35 4 5 L 3 479 453 15 -8 4.f4 -385 8 
4 1473 1512 -38 B 861 925 -64 4 598 -57S 21 -7 19.f -2B.f -2 
5 137 257 -56 -18 -17 -68 -z 1 779 -ass -27 -17 -123 96 -14 5 -23 -146 -18 -6 328 34.f -5 
6 1153-1168 -12 -17 215 -169 9 2 136 -227 -38 -16 92 158 -9 6 4S7 378 1.4 -5 3S 24 8 
7 3B7 -353 -3B -16 -126 1S9 -17 3 596 639 -46 -15 14 7 -2S6 -12 7 289 311 -9 -4 582 -575 4 
8 1112 11B6 4 -15 249 22B 7 4 1B2 172 -21 -14 218 -282 4 8 737 -737 B -3 133 -92 7 
9 1.0'6 -219 -37 -14 119 -152 -6 5 839 -848 -1 -13 234 255 -6 9 74 -27 3 -2 7B1 735 -27 

lB 757 -734 2B -13 27B -278 -2 6 341 -365 -14 -12 194 213 -5 18 489 473 7 -1 -49 -82 -7 
11 -22 128 -15 -12 482 368 16 7 893 899 -5 -11 295 -386 -4 II -97 -113 -16 B 623 -653 -2.4 
12 759 768 8 -I I lB3 151 -9 9 315 37S -29 -IS 467 -484 -9 12 489 -HB -13 1 -91 16 -7 
13 228 -267 -14 -18 297 -387 -4 9 714 -692 19 -9 587 535 -16 13 152 148 B 2 662 643 14 
14 332 -378 -17 -9 123 -273 -51 18 -162 149 -43 -8 -72 1 7.4 -38 14 257 275 -5 3 292 -32B -11 
15 267 331 -25 -8 388 488 -11 11 643 648 -4 -7 248 -228 4 15 72 -1S4 -3 4 53.4 -528 3 
16 368 354 2 -7 -ISS -18 -lB 12 268 -319 -23 -6 23 -91 -7 16 127 -132 8 5 285 252 12 
17 377 -4S8 -12 -6 636 -654 -17 13 545 -566 -11 -5 55S 578 -22 6 427 447 -IB 
18 167 -154 2 -5 -96 -187 -52 14 22S 184 9 -4 86 45 5 .( 7 L 7 272 -249 7 
19 178 21S -6 -4 USB 1.0'72 -19 IS 316 324 -2 -3 5S6 -511 -3 8 226 -225 8 
2S -85 78 -7 -3 223 -25S -14 16 21B -238 -7 -2 -114 -24 -14 -16 -91 25 -5 9 338 U3 -26 

-2 IISS-1132 -27 1 7 185 -187 s -1 IBIS 186S -43 -15 2S4 -215 -2 18 231 248 -2 
-I 399 478 -76 18 IB3 158 -8 s 323 -321 B -14 -15.0' 22 -15 11 436 -43.0' 2 



12 162 -16B 8 1B -49 -1BB -7 5 -17 L 1 353 -348 2 B 458 -483 -14 1 6.8 6.4 -3 
13 247 233 3 2 397 -u2 -2 1 67B -666 3 2 1676 1181 -21 

4 11 L 4 297 254 11 3 476 478 -1 2 334 324 4 3 794 -781 12 
4 9 L 6 32B -3B5 4 5 622 -719 -59 3 595 577 13 4 393 -378 14 

-12 212 -216 B 7 293 -254 lB 6 239 -149 23 4 599 -613 -11 5 878 798 1B 
-15 183 -78 2 -11 2B6 2Bl 1 7 772 814 -31 7 351 317 IS 6 451 4B2 3B 
-14 254 21B u -u 2B1 152 9 5 -16 L 8 158 39 16 9 IBB 6 8 7 1134-1834 76 
-13 117 153 -5 -9 246 -283 -IB 9 631 -692 -34 lB 686 766 -16 9 764 729 3B 
-12 437 -358 3B -8 9B -134 -6 8 227 255 -7 lB 133 57 9 11 -1B1 43 -u 1 1 928 -91. 14 
-11 -1B4 -lB1 -13 -7 233 224 2 1 394 283 34 11 56B 61B -26 12 625 -653 -16 12 -148 45 -21 
-1B 312 332 -7 -6 2.85 152 11 2 4BB -322 26 12 159 -125 6 13 45 129 -11 13 53B SB3 IS 

-9 64 119 -6 -5 394 -391 1 3 228 -239 -2 13 583 -495 3 14 SIB SBS 2 14 -142 62 -19 
-8 355 -341 5 -4 -93 -9 -5 4 397 355 15 14 131 48 9 15 -114 -1.87 -17 15 474 -449 12 
-7 63 11 2 -3 522 495 12 5 278 1B5 35 15 522 518 1 16 493 -SBB -3 16 -1B7 138 -22 
-6 3B2 259 15 -2 9B -12 5 6 399 -488 -37 16 191 -229 -8 17 -6B 114 -1B 17 376 355 8 
-s 119 -72 6 -1 385 -416 -13 8 494 493 B 1 7 122 -25B -26 18 3B7 345 -12 18 119 -131 -1 
-4 52B -532 -6 B 129 15 1B 9 267 -3 37 19 129 -293 -38 19 365 -387 -8 
-3 217 249 -1B 1 333 349 -6 11 193 58 18 5 -12 L 2B 3B7 288 5 
-2 426 45B -11 2 135 -96 5 12 381 34B 13 5 -9 L 
-1 . 376 -314 26 3 398 -359 14 B 241 192 14 5 -6 

B 355 -331 1B 4 134 132 B 5 -15 L 1 615 -625 -5 6 582 -485 18 
1 214 197 4 5 452 443 3 2 186 -184 B 1 287 -296 -4 8 462 -464 -1 
2 2B8 238 -9 6 279 -237 11 B 38B 31B 23 4 251 143 3B 5 262 -184 28 1 1245 l25B -3 
3 219 -231 -3 7 29B -222 17 1 171 64 14 5 661 -729 -49 7 164 -72 18 2 27B 281 -6 
4 314 -264 18 8 198 229 -7 3 213 -58 24 6 3B3 264 14 g 4B5 437 -17 3 688 -658 29 
5 422 41B 5 4 332 318 5 8 313 -279 13 11 181 -143 9 4 578 -56B 18 
6 279 251 9 4 12 L 5 247 -69 32 lB 42B 38B 18 13 497 583 -3 5 1B32 936 8B 
7 5.84 -SIB -3 6 5" -625 -u 11 539 586 -25 14 316 361 -19 6 75 33 5 
8 89 -37 4 -1B 19B 8B 15 7 293 225 19 12 415 -397 8 15 · 352 -387 -15 7 15U-1U8 78 
9 371 363 3 -9 32B -286 1B 8 653 676 -11 13 47 4 -486 -5 16 389 -417 -12 8 174 147 8 

1B -63 75 -5 -8 93 -31 4 9 3B1 -234 19 14 483 488 -2 17 393 419 -1B ' 16B1 1536 37 ~ 
11 258 -385 -13 -7 317 291 8 u 423 -05 -5 15 3U 35B -2 18 -123 78 -13 u 278 -218 24 0 
12 -IB8 -11 -6 -6 146 -35 11 11 38B 3.86 24 16 U2 -45B -19 19 312 -371 -28 11 1486-1357 48 w 

-5 4BB -311 3B 12 248 276 -7 I 7 159 -17B -1 2B -13 -liB -6 14 JB3 -3B5 B 
4 18 l -4 12B IB9 1 13 438 -373 23 18 333 377 -15 16 487 513 -13 

-3 272 254 5 14 178 -227 -1B 5 -8 l 17 246 324 -27 
-14 284 23B 13 -2 71 -1B7 -3 s -11 L 18 296 -31. -4 
-13 58 12 I -1 Ul -358 16 5 -14 L 8 781 -786 -4 19 1B1 -289 -2B 
-12 36B -27B 27 B 334 294 13 8 286 -223 22 1 215 99 33 2B 364 395 -11 
-11 -81 -15 -4 1 34B JIB lB II 399 427 -12 1 U7 -451 -1 2 699 714 -14 
-IB 225 255 -8 2 24B -225 3 1 287 -25B 11 2 2B3 224 -6 3 JZB -3BB 1B 5 -5 l 
-9 -99 -84 -11 3 27 -141 -II 2 4B6 -415 -4 3 592 63B -27 4 568 -517 34 
-8 34B -341 B 4 1811 143 6 3 33B 33B B 5 46B -475 -8 5 193 151 13 • 158 -116 -1· 
-7 228 238 -3 5 168 88 11 4 364 411 -2B 6 388 413 -13 7 484 -434 311 1 989 1818 -27 
-6 267 232 1B 6 131 -2B3 -12 5 282 -337 -2B 7 287 236 21 g 596 589 5 2 258 -274 -9 
-5 3BB -323 -8 6 427 -u2 1B 8 452 -496 -24 111 H8 394 18 3 632 -625 6 
-4 243 -268 -8 4 13 L 7 435 444 -4 9 269 -219 17 11 494 -481 6 4 416 384 22 
-3 34B 342 -1 8 318 273 15 lB 6B2 6211 -1B 12 39B -415 -13 5 785 729 54 
-2 291 285 I -7 312 255 15 9 434 -435 B 11 393 418 -12 13 376 353 1B 6 479 -451 24 
-I 275 -295 -7 -6 179 -147 5 u 344 -353 -3 12 512 -512 B 14 -1B5 1BS -17 7 972 -887 73 

B 241 -251 -3 -5 285 -252 8 1 I 5B8 485 1B 13 U9 -399 4 15 458 -451 3 8 285 264 18 
1 57B 555 7 -4 299 273 7 12 239 213 6 14 583 651 -43 16 -136 -SB -15 11 614 -616 -2 
2 154 -12 16 -3 227 2B8 4 13 333 -346 -4 15 87 78 B 17 5U 551 -5 12 669 636 26 
3 46B -463 -1 -2 299 -281 5 14 224 -154 14 16 56B -581 -1B 18 -99 -111 -14 13 354 387 -16 
4 -6B -54 -4 -I 126 -141 -2 15 371 486 -46 I 7 148 -88 8 19 383 -388 -I 14 5B6 -479 14 
5 26B 243 5 B 217 2B6 2 16 -88 47 -5 18 UB 474 -13 2B -66 76 -5 15 82 -194 -23 
6 -95 -37 -6 1 2B9 113 16 19 163 -89 9 16 559 521 19 
7 245 -249 -I 2 24B -241 B 5 -13 L 5 -7 L 17 148 244 -24 
8 16B 135 4 3 174 - 85 11 5 -IB L 18 5B6 -522 -7 
9 414 391 8 B 422 413 3 B 1B59-1B84 -2B 19 -87 34 -5 



2B 345 4168 -23 lB 2916 -326 -18 -15 -287 -7 -29 9 86B -861 16 -9 541 U4 36 14 -124 6 
_, 

11 432 428 2 -14 3B9 -276 11 IB 767 781 -11 -8 282 -289 -3 15 2516 -252 B 
5 -· L 12 758 746 9 -13 -152 1 4 -17 11 17B 2.4B -22 -7 457 -4 74 -9 16 -119 -54 -9 

13 497 -519 -12 -12 4BB 348 22 12 461 -5166 -24 -6 08 42.4 7 
J1 484 524 -38 14 178 -258 -26 -11 167 -238 -21 13 1BI -184 -17 -5 274 276 16 5 6 L 
1 727 738 -11 15 361 354 2 -9 17!J 2U -24 14 468 481 -6 -4 184 -1H 11 
2 4B3 -4U -32 16 164 178 -3 -8 493 5BB -3 15 -142 39 -15 -3 392 -394 16-16 -143 -119 -19 
3 1B87-1B97 -9 1 7 482 -536 -26 -7 249 -274 -1B 16 ZB2 -279 -21 -2 582 584 -2 -15 146 -1B8 5 
4 781 726 54 18 14 -33 B -5 4161 4169 -5 17 -125 -122 -18 -1 266 314 -23 -14 2916 214 216 
5 347 373 -17 19 335 323 4 -4 769 793 -23 18 266 259 1 16 9.0"8 -873 3!J -13 136 168 -6 
6 1364-1296 45 2B -164 -2 -15 -3 829 -821 7 1 89 -116 -5 -12 4169 -361 19 
7 545 -5.0"3 41 -2 134 -215 -32 5 3 L 2 811 899 2 -11 82 -51 2 
8 14781368 67 5 -1 L -1 HB 765 -25 3 -78 -116B -15 -u 4216 397 116 

UJ 7916 -771 16 16 128 236 -46 -17 -128 82 -13 4 ue -416 13 -9 -1316 u -16 
11 69 119 -8 16 !43 !81 -36 1 11613- U43 -27 -16 tee 1U 7 5 78 181 -24 -8 !58! -5!51 24 
12 639 623 13 1 562 -576 -15 2 117 189 -26 -15 193 -175 3 6 -168 -87 -33 -7 -1163 121 -ZII 
13 -1161 169 -33 2 1258-1272 -116 3 654 657 -2 -14 87 -95 -1 7 -147 23 -19 -6 358 328 13 
14 654 -632 15 3 839 873 -33 4 318 35B -216 -13 278 231 14 8 562 -574 -9 -5 -112 -87 -17 
15 -1616 4 -21 4 884 887 -3 5 93B -935 -4 -12 -61 55 -5 9 267 261 2 -4 372 -388 -8 
16 5166 487 9 5 393 -381 8 6 259 299 -21 -11 416 -392 11 116 617 618 -1 -3 -171 85 -32 
17 -184 -53 -26 6 717 -719 -2 7 7316 686 416 -116 -174 46 -27 11 373 -353 8 -2 713 711 1 
18 .472 -4 78 -2 7 1122 1118 3 8 43 -154 -21 -9 556 523 19 12 374 -373 16 -1 399 -424 -13 
19 21616 214 -3 8 185 269 -37 9 646 -618 Z4 -8 -182 -61 -33 13 293 281 4 16 475 -519 -26 
2B 295 289 1 1B 189 -239 -18 116 335 352 -8 -7 4 77 -452 17 14 252 25e 16 1 487 5216 -2e 

11 5U 551 -5 11 339 356 -8 -6 211 213 B 15 2169 -187 4 2 335 3516 -7 
5 -3 L 12 -193 -91 -41 12 367 -378 -5 -5 595 587 6 16 246 -18.4 14 3 491 -489 1 

13 493 -481 6 13 578 -6165 -19 -· 186 -194 -21 17 253 247 1 4 351 -374 -11 
16 826 866 -41 14 -157 27 -21 14 JIB 327 -6 -3 666 -654 u 5 38B 366 6 
1 -214 36 -6& 15 484 495 -5 15 377 364 5 -2 267 325 -31 5 5 L 6 4167 392 7 
2 741 -755 -14 16 -188 -8 -26 16 367 -39B -9 -1 542 567 -24 7 597 -586 7 w 
3 531 -547 -18 17 391 -395 -1 17 -14e -97 -18 B 569 -613 -43 -16 u -73 • 8 -117 -32 -11 ~ 4 541 523 19 18 -1163 83 -11 18 329 319 3 1 23B -3164 -38 -15 22B -136 16 9 575 5616 7 
5 -316 156 -32 19 166 213 -116 19 -1162 51 -7 2 524 512 116 -14 87 121 -4 116 u -48 16 
6 683 -661 22 2B -216 -1.0"3 -34 3 771 785 -13 -13 274 288 -4 11 4916 -487 1 
7 -68 -118 -22 5 2 L 4 9316 -973 -38 -12 195 -198 " 12 25 516 -1 
8 1414 1347 43 5 • L 5 64B -638 1 -11 336 -314 8 13 289 264 7 
9 242 -292 -24 -17 -158 17 -14 6 642 614 24 -116 422 369 23 14 -147 -78 -16 

116 751 -743 7 16 688 7216 -34 -16 1416 166 -4 7 -114 81 -18 -9 237 23B 2 15 169 -192 -4 
11 282 271 4 2 51616 -543 -47 -15 -53 -916 -6 8 539 -549 -7 -8 374 -379 -2 
13 3B4 -363 -28 3 11658 116816 -18 -14 251 -213 116 9 -176 17 -28 -7 199 -262 -22 5 7 L 
14 452 -483 -17 4 734 748 -13 -13 1162 126 -3 116 796 8B4 -6 -6 464 452 6 
15 315 342 -11 6 177 -2.0"5 -11 -12 193 173 2 11 -68 -71 -7 -5 -2162 2 -38 -15 -116 -I -7 
16 462 4516 6 7 894 896 -1 -11 276 -271 1 12 594 -591 1 -4 39B -4166 -9 -14 248 194 12 
17 294 -3'9 -216 8 -136 -46 -22 -IB 2B4 -236 -1" 13 55 83 -2 -3 -79 -121 -19 -13 -1B9 -41 -8 
18 235 -29B -16 9 983 -935 39 -9 474 448 14 14 414 4165 3 -2 747 754 -6 -12 3516 -296 18 
19 215 285 -19 1B IB2 -128 -5 -8 297 33B -15 15 163 -17.0" -1 -1 1&5 -1716 -1 -11 99 122 -3 
ZB -158 &8 -17 11 852 824 22 -6 64 -176 -25 1& 198 -245 -11 16 641 -643 -1 -lB 359 324 13 

12 349 -378 -14 -4 -99 i 39 -31 17 155 1163 7 1 141 184 -12 -9 59 -916 -3 
5 -2 L 13 438 -u4 -3 -3 565 -584 -18 18 152 183 -5 2 889 853 3!J -B 516B -473 13 

14 256 237 6 -2 -1B3 -135 -33 3 253 -28B -11 -7 23B 2&6 -12 
16 551 567 -17 15 4.0"8 4.0"7 B -1 873 885 -11 5 • L 4 595 -5&5 22 -6 373 36B 6 
1 -183 52 -51 16 194 -279 -25 B 15& -2.0"2 -18 5 179 163 4 -5 216 -236 -6 
2 489 -518 -32 17 221 -227 -1 1 1353-1381 -19 -17 11616 148 -6 6 249 3167 -24 -4 384 -416 -16 
3 -225 27 -74 18 196 193 16 2 593 64B -49 -16 -199 17 -24 7 513 -518 -3 -3 484 5B5 -12 
4 675 664 11 19 83 125 -4 3 9169 937 -26 -15 258 -184 17 8 us -439 -17 -2 72 137 -11 
5 389 -385 3 4 385 -392 -4 -14 -152 91 -21 9 487 SIB -12 -1 538 -569 -18 
6 756 -749 6 5 1 L 5 647 -648 -1 -13 222 2BS 4 lB 331 3.0"9 9 16 3B6 -316 -4 
7 5167 511 -3 & 751 7&~ -7 -12 -211 11 -35 11 3BI -34.0" -15 1 6U 643 1 
8 483 438 36 -17 -113 -u -8 7 453 494 -26 -11 456 -4BB 26 12 -1164 -99 -14 2 -52 139 -18 
9 305 -296 4 -16 21B 174 7 8 636 -64.0" -3 -116 33 199 -3B 13 435 388 19 3 63B -577 35 



4 -136 22 -15 3 237 -261 -7 -6 36.8 -312 15 8 354 -3B1 19 7 322 -311 4 3 562 -572 -7 
5 535 524 6 4 4162 41616 16 -5 -156 -4 -14 ' 437 -469 -14 9 526 562 -216 4 128 -51 12 
6 87 -45 4 5 268 2U 4 -4 327 386 6 18 379 389 -4 lB 597 598 16 5 448 453 -3 
7 388 -393 -5 6 279 -221 16 -3 H9 -65 18 11 353 311 14 11 629 -646 -lB 6 365 -322 22 
8 -48 -6 -1 7 243 -223 5 -2 338 -257 23 12 378 -359 4 12 483 -468 7 7 477 -438 27 
9 348 338 16 8 314 384 3 -1 -21 162 -15 13 263 -267 -1 13 681 641 -21 8 48 -24 1 

lB 158 -lB6 7 9 61 167 -14 B 222 285 3 14 548 557 -7 14 172 239 -17 9 672 652 16 
11 281 -381 -6 18 415 -356 28 1 138 -11 18 15 277 172 24 15 593 -6164 -5 116 5416 -536 2 
12 246 232 3 11 -228 -38 -32 2 278 -231 18 16 4B3 -435 -11 16 263 -354 -31 11 263 -3166 -18 
13 214 236 -5 3 198 1 71 5 17 454 498 -15 12 523 532 -5 
14 179 -193 -2 5 116 L 4 242 177 13 6 -13 L 18 82 13 3 13 253 2816 -18 

19 388 -373 -23 14 615 -613 1 
5 8 L -12 -65 -39 -3 6 -17 L 16 2316 -3162 -24 15 53 -73 -1 

-11 255 233 5 1 471 -515 -22 6 -116 L 16 558 538 6 
-14 183 144 6 -116 78 -88 16 5 277 -176 22 2 us H4 -8 17 -33 138 -13 
-13 216 -165 116 -9 3168 -236 18 6 225 -295 -18 3 438 477 -19 • 625 -662 -29 18 388 -4167 -7 
-12 248 -213 9 -8 88 121 -4 7 345 298 14 4 518 -545 -14 1 356 385 -14 19 -66 -14 -2 
-11 196 223 -6 -7 383 268 11 6 617 628 -1 2 572 629 -36 28 4161 UJ -16 
-18 389 266 13 -6 -97 -118 -15 6 -16 L 7 229 245 -5 3 522 -577 -H 
-9 298 -238 18 -5 431 -489 9 8 616 -649 -18 4 392 -387 2 6 -7 l 
-8 214 -216 B -4 224 211 3 16 3716 346 8 9 283 -57 25 5 599 616 -12 
-7 258 284 -9 -3 242 2416 B 1 388 -273 1B 116 624 674 -27 6 411 388 11 16 392 4116 -16 
-6 191 225 -9 -2 289 -268 6 2 326 -272 15 11 166 53 15 7 691 -699 -6 2 6163 -597 5 
-5 4163 -398 5 -1 192 -131 12 3 337 258 25 12 539 -555 -7 8 128 -154 -5 3 654 -648 4 
-4 248 -281 14 B H1 343 16 4 2U 211 8 13 222 -41 28 9 689 627 -116 4 495 472 15 
-3 562 549 7 1 192 153 8 5 378 -357 7 14 456 486 -12 1B 113 188 2 5 573 537 32 
-2 -185 -48 -116 2 237 -256 -5 7 394 U/6 -18 15 94 -188 16 11 812 -822 -7 7 296 -238 25 
-1 4 73 -497 -12 3 149 -288 -11 8 282 78 18 16 359 -358 B 12 -78 -27 -5 8 467 43B 21 

B -78 -1 -4 4 366 348 6 9 411 -422 -4 17 165 187 8 13 534 569 -19 9 248 288 17 
1 475 497 -11 5 51 31 1 lB 1416 11 18 1. -111 88 -13 11 -145 -17 -18 

~ 2 185 -163 -II 6 431 -391 15 11 388 354 -14 6 -12 L 15 567 -612 -23 12 594 6165 -7 
3 475 -488 -6 7 49 38 16 12 283 -113 14 16 -75 3 -3 13 215 263 -16 0 
4 -123 43 -13 8 361 JU 5 16 5169 -561 -28 17 416 474 -25 14 538 -5616 -16 c:.n 
5 529 558 -11 9 163 -43 13 6 -15 l 1 348 -317 12 18 282 -156 9 15 -43 1216 -12 
6 264 -233 9 2 552 616 -37 19 427 -482 9 16 441 413 12 
7 386 -277 9 5 11 L 16 3163 193 28 3 388 343 16 17 -62 31 -3 
8 438 418 5 I 366 -351 5 4 674 -7416 -51 6 -9 L 18 54 7 -528 8 
9 231 268 -8 -18 136 -182 -7 2 287 -124 36 5 239 -45 39 19 241 199 1. 

lB 248 -274 -7 -9 61 -182 -16 3 349 369 -7 6 958 987 -28 • 396 -4162 -2 28 332 347 -5 
11 119 -195 -13 -8 237 287 7 4 285 37 24 7 123 -216 11 3 597 -596 16 
12 71 148 -8 -7 2U 153 19 5 565 -61B -22 8 833 -839 -3 4 383 -387 -2 6 

_, 
l 

-6 353 -326 9 6 225 58 27 9 338 316 8 6 1716 38 23 
5 9 L -5 157 -127 4 7 528 554 -15 18 576 645 -39 8 116 -64 7 16 7169 726 -15 

-4 243 256 -3 9 488 -461 -25 11 382 -361 -24 9 913 898 17 1 738 731 7 
-13 261 -187 16 -3 234 172 14 18 352 316 12 12 679 -788 -18 18 4161 -421 -116 2 8B8 -797 116 
-12 183 -145 -5 -2 297 -285 3 11 358 393 -13 13 4167 428 -8 12 577 586 -4 3 6.85 -598 14 
-11 157 189 -6 -1 131 -52 8 12 398 -378 18 14 376 438 -26 13 526 575 -27 4 lB45 959 69 
-18 138 188 -9 16 423 489 5 13 349 -341 2 15 373 -385 -4 14 332 -3168 9 5 -51 74 -8 

- 9 329 -285 14 1 -141 -59 -15 u 366 329 12 16 337 -378 -12 15 457 -489 -15 6 1113-1••8 81 
-8 -161 -41 -19 2 453 -4.92 28 17 319 342 -7 16 358 4.93 -18 7 4116 -385 14 
-7 383 346 u 3 285 141 12 6 -u L 18 169 195 -5 17 283 228 -· 11 3162 2916 5 
-6 38 13 16 4 381 319 -5 18 256 -286 -9 12 638 645 -5 
-5 428 -418 4 5 47 -188 -5 16 266 -164 25 6 -11 L 19 41 -241 -32 13 4169 -483 -41 
-4 -145 69 -19 6 224 -281 5 1 358 -427 -29 28 289 347 -18 u 493 -5168 -8 
-3 148 236 -25 7 146 99 6 2 21 123 -9 16 597 -643 -27 15 359 358 3 
-2 -181 -9 -7 3 392 422 -12 1 1161 71 • 6 -8 L 16 383 4166 -116 
-1 384 -357 11 5 12 L 4 218 -75 24 2 675 718 -28 17 1162 -177 -13 

B 68 78 B 5 378 -U6 -38 4 357 -367 -5 ~ 162 -126 9 18 332 -3316 B 
1 359 349 4 - 8 181 235 -11 6 293 242 16 5 285 1416 17 I 792 817 -22 19 312 329 -5 
2 372 -361 4 -7 -183 55 -7 7 412 423 -4 6 393 428 -u 2 188 -128 -· 28 -78 145 -15 



13 7187 -722 -It 4 685 -5q4 II -12 % -12 1 - 3 12 1Ha 136 - 4 I 679 6a1 -2 
6 -5 L 1 4 2.0'5 ;'6 6 -28 5 382 -333 - 1 7 -1 1 295 -75'"1 12 13 368 371 - I 2 34 -147 -17 

IS 61 4 I:>SI'I' -23 6 831 R?'l 2 -I ff 31!1 l'Rll 1.0' I 4 -1?9 -l .l'l3 -I B 3 376 -366 4 
0 717 78a a 16 21.0' -219 -2 R 857 -R55 2 - 9 213 221 4 15 2 7 I -30'2 - 9 4 - 1 I 7 11HJ -28 
1 -136 63 -26 1 7 766 -1A'l -11 q -I II - 7 I -21 - 8 371 -373 "' )I) 19 2 81 16 5 571 548 13 
2 9.0'8 -873 25 18 91 I 4 7 -8 Il-l 681 588 9 - 7 7:'? -242 -7 I ; 771 235 9 6 34.0' -37/l -I 3 
3 -I ~'J - 49 -I l 19 -184 I A 1 - 4 I I I 169 -7.61'1' -31 - 6 598 545 4 I 7 553 -548 2 
4 'H Z 8A 7. St.' 28 197 -237 - 9 12 524 -541 - <j -5 -IA'R I 3 9 -7.8 6 4 L a 21 3 28.0' -23 
5 -I 2 2 50' - ";: 1'1' 13 283 21'1'7 -I - 4 Jh~ -353 3 9 325 321 I 
6 9 2 6 -852 63 6 -2 L I 4 593 61'1'3 -5 -3 14 2 -248 -37 - 15 -198 -18 -24 Ill 315 -3.09 2 
7 2 I 18 22 8 -3 15 19.0' -253 -18 -I -8 4 - 6.0' -19' -14 195 !59 7 II -72 - 119 -13 
a IIB'l 1116 54 8 342 399 -38 16 318 -129 - 4 8 753 -753 !if -13 - 98 7Z -9 12 316 339 - B 
9 486 -491 -3 I 867 -849 16 I 7 -1 3J 1.0'9 -IR 1 -1.0.0 4 1 -12 -12 2FlB -295 -2 13 145 152 -I 

18 4 27 -485 II 2 llU 139 -1.0' 18 !54 186 -6 3 243 -386 -30' -I I -194 46 -29 1 4 91 -195 -I 7 
11 252 27 .0' - 7 3 893 862 Z8 19 152 -198 - 8 4 974 -979 - 4 -18 423 344 33 15 157 -156 " 12 592 618 -12 4 -149 68 -33 5 6 2 4 643 -I 7 - 9 -75 -72 -4 
14 428 -474 -zc 5 734 -6'36 36 6 I L 6 793 767 22 - 8 484 -414 34 6 6 
I 5 5 28 548 - 15 6 -172 -53 -38 7 479 -526 -2 9 -7 113 I 91 -18 
16 339 371 -I 3 7 644 634 9 -16 48 59 -I 8 463 -498 -2.0' -6 514 469 24 -14 151 156 B 
I 7 543 -519 11 8 328 -322 3 -15 225 -187 8 9 346 37.0 -I I -5 2U -266 - 8 -13 292 -29'9 21 
18 -142 - 85 - 18 9 783 -678 29 -14 -132 -13 -It 18 30'9 355 - 2 1 -4 332 -298 15 -12 -49' -76 -4 
I q 38.0' 398 -6 u 357 331 12 -I 3 227 212 4 I I 419 -467 -25 -3 38.0' 367 6 -11 258 252 I 
20' -162 -I 2 -15 II 663 672 -7 -12 -125 -8 -It 12 2RZ -323 -16 -2 Z68 333 -3.0' -1.0' -94 II 7 -15 

13 311 -328 -7 -It 385 -352 I 4 13 481 516 -18 -I 5..0'7 -486 12 -9 388 -346 17 
6 -4 L I 4 472 49.0' -9 -18 - 91 77 -II I 4 -136 131 -25 8 294 -359 -32 -a -Ill -12 -9 

IS 386 4 2 4 -I 7 - 9 541 466 39 I 5 288 -315 - 9 I 483 489 -3 -7 423 346 33 
8 951 968 -7 16 576 -558 12 -8 159 -164 - I 16 - 34 -169 -18 2 -23 136 -17 -6 -113 28 -18 
2 lB84 -966 33 I 7 -78 -283 -3 I -7 554 -515 26 I 7 2182 288 -23 3 384 -36a a -5 6a8 -68a 51 
3 857 8 2 .0' 35 18 257 26 8 -3 - 6 458 438 II I 8 46 35 8 '4 -I 8 I -98 -39 -4 -199 88 -41 
4 58.0' 526 5 I 19 -126 1.0'3 -15 -5 371 375 -2 5 294 236 22 -3 445 461 -8 t-' 5 560' -513 45 2.0' 264 -381 -18 -4 448 -460' -12 6 3 L 6 -1a6 31 -32 -2 186 -238 -16 0 
6 821 -799 2.0' -3 138 -22 2 -28 7 567 -571 -3 -1 471 -4 74 -1 0 
7 932 882 41 6 -1 L -2 319 J'i 0' - 17 -16 -1 a -tt6 -7 8 126 169 -9 8 11 a 172 -12 
8 566 537 2:' -I 497 523 -25 -15 -9 -65 -2 9 393 428 -17 1 558 554 2 
9 539 -523 I ? 8 185 -229 -19 .B 799 -816 -I 5 -1 4 102 1.8'8 .B 1.0' -162 1.0' -29' 2 253 -29.0' -14 

1.0' -82 -1&9 - 27 2 698 691 -I I 11 -II 5 -14 -I 3 -184 72 -18 11 524 -532 -4 3 459 -465 -2 
II 673 674 - I 3 1853 1.0'36 IS 2 798 882 -3 -12 188 -187 B 12 161 221 -15 4 461 463 -I 
12 281 292 -34 4 59..0' -581 9 3 22 182 -34 -II -I 8 I -123 -36 13 288 319 -13 5 3 It 315 -I 
14 I 7 2 -I 7 I 0 5 72 7 -69/8 35 4 827 -813 12 -18 48'1 347 23 14 238 -212 4 6 494 -588 -2 
IS 522 525 -I 6 6 4 I 634 6 5 -185 43 -13 -9 -18.0' 55 -29 15 218 -195 5 7 112 -111 8 
16 - 71 134 -16 7 19.0' 255 -27 6 353 367 -7 -8 466 -417 25 16 264 286 -6 8 368 484 -15 
I 7 565 -568 2 8 379 -369 5 7 68 197 -31 -7 -a8 52 -7 9 187 227 -IB 
I 8 -217 49 -34 9 3 77 -399 -12 a 615 -593 19 -6 642 588 41 6 5 L 18 44.0' -438 8 
19 354 367 - 4 1.0 545 518 -18 9 -151 131 -36 -5 -76 -113 -16 11 63 - 7 2 
2.0' 183 -116 -I II -138 I Z -I 4 18 7.0'9 784 4 -4 275 -253 8 -15 -76 45 -4 12 249 259 -2 

12 635 -654 -IS It 268 -332 -27 -3 -184 -112 -21 - 14 2a8 248 a I 3 -95 -49 -6 
6 -3 L I 3 -192 - 74 -36 12 789 -727 -14 -2 6 29 619 a -13 -131 -83 -15 14 276 -292 -4 

I 4 613 681 8 I 3 4 I 7 478 -26 -I 84 -182 -24 -12 254 -231 6 
8 518 521 -2 IS -I 1.0' 122 -28 I 4 IIJZ 237 -32 8 7.0'5 -785 .B -II -24 I 7 2 -29' 6 7 
I 2 14 -265 -26 16 376 -391 -6 IS 386 -4.05 -8 I 416 463 -29 -1.0' 292 284 2 
2 932 -9.0'9 21 I 7 -77 -185 -II I 6 27.2 -7.37 -3 2 773 774 -I -9 250 -248 8-U -158 7 -12 
3 671 6 36 34 I 8 292 273 5 I 1 287 284 B 3 90'9 -912 -2 -8 277 -217 19 -13 25.0' -216 8 
4 562 564 -I 19 -182 -2 6 -20' I 8 127 186 -1.0 4 218 -274 -23 -7 44.0' 383 26 -12 -It 7 38 -9 
5 857 -885 47 5 tq z !52 11 -6 93 I 4 2 -9 -11 293 253 11 
6 3R5 -3fl9 -3 6 9' L 6 2 L 6 179 222 - 1 4 -5 423 -395 14 -18 -161 -46 -18 
7 1 3 I 3 12 45 47 7 466 -474 -4 -4 Jq) -223 _ q -9 368 -JIB 21 
8 - 163 - 1..0'..0' -39 0 716 -745 -2 9 - 16 -tat -5 -19 8 91 -169 -16 -3 4R7 51'1'2 -8 -8 -149 II 8 -25 
9 73 7 -686 44 I 435 -445 - 7 -15 165 -172 -I 9 618 636 - I 4 -2 - 88 I 1 9 -18 -7 253 278 - 8 

1..0' -I 4 4 l -19 2 63R 6r19 - 1..0' - l 4 -I 3 7 5 2 -I 3 1.0 9 2 183 - 19 - I 696 -710' -I I - 6 69 -187 -21 
I;' 348 -305 -I R 3 12 4 7S1 -26 - 13 I 89 1 4 5 9 II 58'1 -f>JB -30' 8 -179 - 74 -34 -5 497. -4 78 IB 



-4 HZ 3GB 23 B IH 184 -12 lB 3S2 364 -4 u S9B -6U -29 5 us -(74 8 
-3 336 295 16 1 152 -146 1 II 229 -44 25 7 -12 l 15 -139 -53 -IS 6 361 -318 zt 
-2 46B -468 -· 2 Z7B -315 -15 16 517 52B -1 7 5B2 456 26 
-1 351 -387 18 3 123 ISS -5 7 -15 l B U2 -H6 12 1 7 u -34 B 8 6B4 561 31 

B 488 07 5 4 391 382 3 I 558 SS2 B 18 .t98 -513 -6 9 743 -718 2B 
I -189 156 -28 5 255 -285 -9 8 3B7 -269 11 2 348 369 -9 19 135 189 3 18 48.t -482 I 
2 285 -389 -9 6 246 -259 -3 1 191 -158 6 3 659 -722 -48 11 6B4 567 21 
3 288 -285 1 7 369 366 8 2 42B 424 -1 4 286 -178 7 7 -9 l 12 241 234 2 
4 523 549 -13 B 192 164 5 3 229 147 17 5 651 697 -27 13 583 -576 4 
5 10 196 -11 9 274 -259 4 4 557 -511 28 6 268 288 16 B 543 559 -9 14 -76 S.B -6 
6 457 -.&78 -6 18 -88 -98 -7 5 189 -IB3 14 7 679 -7B8 -22 1 5B1 553 -31 IS 6B8 589 lB 
7 -76 -33 -4 6 451 498 -17 8 148 35 u 2 596 -645 -u 16 IB9 124 -2 
B 3B6 375 -27 6 1B L 7 11 B -14 8 9 646 69B -24 3 456 -455 B 17 596 -6l.B -6 
9 -114 -118 -17 B 362 -486 -53 1B 223 -176 12 4 BU 963 -15 18 9B 9B .B 

1B 263 -279 -4 -1B 197 -163 6 9 287 293 1 11 791 -938 -34 5 199 IB8 22 19 us 413 12 
11 -13B 132 -21 -9 l.B4 B 5 1B 454 479 -9 12 345 38B -14 6 91B -999 8 2B 22 -39 B 
12 24B 268 -5 -8 312 297 7 11 294 -273 6 13 392 395 -1 7 114 -114 B 
13 -76 -85 -7 -7 97 -125 -3 12 469 -465 1 14 333 -283 16 8 784 765 14 7 -6 l 

-6 272 -252 5 13 29.B 259 8 15 417 -428 -4 9 137 -128 1 
6 8 l -5 195 1H 8 14 357 4B3 -16 16 253 327 -22 1B 842 -829 IB • 4BB 492 -7 

-4 262 228 9 I 7 317 295 6 1 1 3B4 295 3 I 4BB -5B6 -16 
-13 218 -166 1B -3 95 -64 3 7 -14 l 18 173 -254 -17 12 748 737 7 2 743 -723 18 
-12 -64 65 -4 -2 269 -223 12 13 222 -27B -16 3 941 916 21 
-11 286 198 3 -1 233 214 4 • 359 -391 -12 7 -11 l 14 445 -469 -11 4 457 414 26 
-IB 1B8 -1B4 B B 293 219 2B I 89 -4 4 15 329 373 -17 5 1152-1.682 53 

-9 156 -228 -16 I 311 -269 12 2 492 5B4 -IB B 163 -165 • 16 318 298 1B 6 714 -646 59 
-8 224 193 7 2 165 -158 1 3 99 -32 5 1 521 538 -9 17 113 -19B -14 8 161 168 -1 
-7 128 188 -12 3 349 342 2 4 426 -427 B 2 -53 128 -13 18 . 385 -412 -IB 9 778 -732 38 
-6 383 -394 -4 4 -114 15 -8 5 183 78 3 3 429 -473 -23 19 299 283 4 lB -69 162 -26 
-5 194 -166 6 5 357 -33B 9 6 49H 519 -14 4 -115 -13 -11 11 584 567 13 

~ -4 381 355 11 6 116 -66 5 7 261 -l.B8 33 5 531 568 -21 7 -8 l 12 312 -328 -7 0 -3 113 137 -4 7 258 258 B 8 476 -511 -16 6 218 -179 11 13 538 -543 -2 ~ 
-2 35.B -33B 7 9 237 274 -11 7 691 -698 -5 • 763 788 -Z.B 14 138 238 -27 
-1 17B -118 1B 6 11 L 1B 39B 377 4 8 2B3 2B4 B 1 -94 14 -8 15 572 58B -4 

B 443 467 -11 11 441 -442 .B 9 731 727 2 2 558 -551 4 16 227 -269 -12 
1 -19B 39 -29 -7 195 -199 .B 12 454 -375 3B 1B 421 -4B1 9 3 -8B -121 -19 17 297 -365 -25 
2 518 -511 3 -6 165 -177 -2 13 496 541 -28 11 667 -664 I 4 625 6B5 17 18 217 20 -7 
3 9B 1B6 -2 -5 2BS 233 -6 14 238 173 14 12 646 653 -3 5 192 -13S 15 19 249 282 -9 
4 4SS 453 I -4 282 2B2 19 IS 4B7 -425 -6 13 397 439 -18 6 642 -S86 46 2B 197 -187 1 
5 231 -279 -15 -3 3BB -265 9 14 SBS -523 -9 7 71 -74 B 
6 2B8 -2SI -12 -2 131 -9 9 7 -13 l 15 364 -393 -11 8 666 61B 44 7 -s l 
7 14B 153 -2 -1 272 212 15 16 4H 469 2 9 20 -23B 6 
B 443 422 8 B -172 26 -18 16 43.16 -466 -16 I 7 -73 49 -4 1.16 44.16 -426 7 • 61 128 -12 
9 -87 -123 -14 1 289 -2S1 IB 1 321 368 -1S 18 414 -398 5 11 387 398 -1 1 845 -829 14 

18 282 -262 5 2 -92 -41 -5 2 589 521 -5 12 462 494 -17 2 165 -2.166 -14 
11 86 172 -12 3 262 382 -11 3 388 -U6 -38 7 -1.16 l 13 688 -674 9 3 869 842 23 

4 65 -69 8 4 358 -351 2 14 228 -254 -8 4 -67 75 -1.B 
6 9 l 5 439 481 -28 I 619 651 -22 15 517 568 -26 5 866 -B.B.B 56 

7 -16 l 6 324 337 -5 2 438 -458 -11 16 285 258 -12 6 -179 41 -34 
-11 47 IB4 -4 7 545 -551 -3 3 541 -576 -21 17 465 -485 -8 7 IB83 U.B7 59 
-18 3.B9 -188 31 .16 254 -184 15 8 196 -281 -1 4 463 471 -4 18 -151 -46 -IS 8 -112 -12 -12 

-9 -184 -64 -9 1 352 -314 11 9 423 us -18 5 488 455 -316 19 387 478 -37 9 567 -558 7 
-8 256 222 9 2 236 241 -1 lB 221 242 -s 6 567 -573 -3 116 143 2168 -16 
-7 12 65 -2 3 314 268 IS 1 1 517 -545 -13 7 386 -488 -6 7 -7 l II 681 671 8 
-6 324 -328 -1 4 298 -388 -5 12 285 -159 31 8 487 487 8 12 628 -593 23 
-5 -IU -68 -16 5 285 -217 17 13 417 448 -9 9 528 478 26 s 753 722 26 13 4S2 -437 7 
-4 368 341 18 6 355 352 1 14 89 -6 4 18 675 -678 -2 1 383 -384 8 14 489 484 2 
-3 -159 74 -21 7 248 169 1S IS 414 -448 -13 11 284 -261 8 2 841 -843 -I 1 s 448 456 -3 
-2 292 -299 -2 8 277 -319 -12 16 -38 46 -2 12 626 635 -6 3 576 566 7 16 587 -682 -7 
-I 168 187 -4 9 219 -81 22 17 438 41 3 6 13 242 248 8 4 451 434 1B I 7 66 -158 -11 



18 38S 393 -5 7 -145 81 -27 7 535 -578 -21 -2 233 -265 -12 -4 433 423 4 
19 -83 86 -8 8 868' -834 22 -IS -154 -II -13 8 281 283 B -I 48'5 -386 9 -3 -84 -IS -5 
28' 48'7 -48'6 8' 9 -163 -74 -38' -14 179 158 3 9 468 519 -28 8' 48'8' 368' 19 -2 579 -517 32 

1B 627 614 18' -13 -157 54 -17 18' 288 -352 -27 1 59 175 -22 -1 188 175 -15 
-4 L 11 216 -235 -6 -12 266 -229 18' 11 423 -413 4 2 166 -149 4 B 477 438 23 

12 517 -533 -11 -11 -155 27 -17 12 48'5 424 -8 4 276 293 -6 1 188 -145 18 
8 228 -257 -12 13 484 517 -18 -18' 362 334 11 13 146 261 -38' 5 -117 18' I -28' 2 263 -282 -6 
1 7Z4 -786 16 14 48'9 428' -5 -9 -138 -44 -16 14 235 -285 -15 6 591 -589 1 3 64 141 -11 
2 289 299 -43 15 488 -513 -12 -8 472 -436 18 15 194 -195 B 7 68 -48 1 4 382 418 -13 
3 848' 88'8' 35 16 138 -2u -25 -7 285 258' 13 16 346 347 B 8 557 575 -9 5 337 -364 -11 
4 378' -364 3 17 126 231 -22 -6 391 398' 8' 17 146 88 8 9 -49 78' -5 6 31B -338 -7 
5 98'7 -848 58 18 -72 187 -24 -5 18'5 -191 -21 18 433 -438' 1 7 417 452 -15 
6 715 696 17 19 224 -278' -11 -4 363 -335 13 7 3 L 11 162 165 B 8 167 224 -14 
7 421 426 -3 -3 537 516 15 12 252 219 9 9 356 -317 14 
8 191 -225 -12 7 -1 L -2 91 219 -H -14 -119 181 -14 13 -95 -149 -18 18' -129 -32 -11 
9 476 -468 4 -1 584 -563 17 -13 -114 -118 -15 14 114 -232 -23 11 153 165 -2 

18' 574 537 25 8 974 -942 26 B 38'4 -332 -14 -12 -97 -113 -14 15 179 193 -3 12 -188 16 -19 
11 417 425 -4 1 333 375 -24 1 529 528' 5 -11 94 199 -19 13 332 -38'8 9 
12 482 -459 12 2 999 961 23 2 395 417 -13 -18' -164 95 -24 7 5 L 
13 317 -312 1 3 -56 -129 -28' 3 792 -796 -4 -9 376 -299 38' 7 7 L 
14 568 688 -18 4 887 -878 14 4 225 -38'5 -35 -9 -148 -58 -28' -13 2n -283 • 15 -153 137 -32 5 397 421 -14 5 682 663 17 -7 396 348 16 -12 -143 58' -14 -12 249 198 11 
16 667 -668' 3 6 423 443 -12 6 -93 146 -27 -6 148' 1 48' 8' -11 242 198 13 -11 -61 24 -2 
17 -131 -65 -14 7 293 -339 -22 7 818 -88'7 8 -5 442 -386 27 -18' -64 -119 -11 -18' 2BB -187 2 
18 339 362 -8 8 68'5 -555 41 8 -82 138 -22 -4 -124 2 -13 -9 212 -186 6 -9 -28'3 -8 -27 
19 -152 -23 -14 9 513 516 -2 9 612 599 9 -3 411 377 17 -8 167 155 2 -8 311 282 9 
28' 48'8 -395 4 IS -146 44 -28 18 -172 -23 -26 -2 28'8 -277 -26 -7 178' 212 -18' -7 72 -123 -6 

11 328' -348' -8 11 597 -632 -24 -1 458 -478 -11 -6 27Z -259 4 -6 386 -375 4 
7 -3 L 12 472 -489 -9 12 277 291 -4 S 75 228' -36 -5 369 -357 5 -5 235 282 -14 

13 528 575 -26 13 4S4 434 -13 1 617 587 23 -4 468 .us 14 -4 268 262 1 
~ 8 216 -223 -2 14 92 184 -18 14 328' -381 -24 2 338' -368' -14 -3 18'9 118 -1 -3 116 -188 -14 

1 674 -641 38 15 425 -48'4 8 15 346 -338 2 3 298 -348' -19 -2_ 425 -422 1 -2 378 -345 lB ~ 
2 583 568 21 16 -112 -141 -21 16 388 341 16 4 -131 141 -32 -1 -93 -146 -24 -1 238 268' -9 
3 679 644 32 17 355 392 -18 17 249 28'9 9 5 391 4182 -5 8 499 471 14 • 293 387 -4 
4 686 -651 31 18 -114 48' -8 19 173 -246 -16 6 629 -619 8 1 -1S3 75 -13 1 231 -283 -17 
5 47S -448 13 19 237 -264 -6 7 149 -179 -7 2 39S -336 24 2 371 -334 14 
6 875 934 35 7 2 L 8 5S7 536 -16 3 121 22 IS 3 457 457 8 
7 242 282 -17 7 8 L 9 192 228 -IS 4 627 628 4 4 -182 168 -25 
8 659 -629 26 -15 -88 77 -7 18' 339 -388 -18 5 246 -3S9 -24 5 261 -383 -14 
9 62 -183 -26 8 814 -8816 12 -14 -114 1166 -14 11 -64 -34 -3 6 359 -395 -16 6 -128 -45 -11 

18' 914 889 19 1 387 .U9 -38 -13 -91 -15 -5 12 388 429 -17 7 -7 151 -16 7 258 331 -24 
11 -81 -189 -35 2 839 832 5 -12 158 -166 -1 13 -28'9 5 -38 8 266 332 -25 8 -21 47 -1 
12 568 -589 -14 3 797 -797 B -11 -148' 127 -24 14 327 -333 -2 9 171 -192 -4 9 348' -327 4 
13 -195 -6 -32 4 486 -425 -18' -lB 125 225 -24 15 -164 95 -22 18 238 -256 -7 18 -76 -68 -6 
14 617 6S9 4 5 718 682 31 -9 228 -289 5 16 166 251 -19 11 166 193 -6 11 3S7 323 -4 
15 158 -231 -19 6 235 292 -24 -8 251 -266 -5 12 281 248' -9 
16 284 -345 -22 7 6S9 -578 26 -7 437 48'5 15 7 4 L 13 182 -169 -18 7 8 L 
17 -69 99 -9 8 197 -296 -39 -6 143 212 -19 14 99 -165 -18 
18 242 38'7 -19 g 436 446 - 5 -5 359 -327 14 -14 -189 62 -9 -11 113 -71 • 19 -166 -175 -34 18 -226 -2 -47 -4 -34 -128' -13 -13 213 -288 2 7 6 L -116 -189 -122 -IS 

11 669 -684 -12 -3 479 482 -2 -12 -99 -42 -7 -9 -125 89 -14 
7 -2 L 12 92 -14 6 -2 -28'2 -6S -42 -11 219 212 1 -13 1166 -139 -4 -8 185 188' • 13 658 698 -25 -1 539 -526 11 -18 -186 17 -24 -12 262 164 21 -7 251 -217 8 

8 628 -683 15 14 -52 -241 -43 8' 238 -282 -18 -9 354 -331 9 -11 - 73 118 -18' -6 275 -287 18 
1 141 -149 -2 15 266 -227 11 1 lBBB 989 9 -8 49 98 -5 -18 211 -2s2 3 -5 316 263 16 
2 815 797 16 16 -72 89 -8 2 492 -58'5 -8 -7 283 234 16 -9 -72 -77 -7 -4 258 244 1 
3 467 589 -35 17 299 294 1 3 928 -896 28' -6 25 -43 B -8 273 237 18 -3 365 -315 18 
4 98'3 -866 32 18 11 -159 -14 4 385 446 -34 -5 398 -366 11 -7 -76 114 -12 -2 118 -148 -3 
5 -182 32 -37 5 562 57 8' -5 -4 129 173 -IS -6 484 -441 19 -1 452 369 33 
6 523 495 24 7 1 L 6 155 -184 -8 -3 215 262 -16 -5 -138 -48 -16 8' -188 31 -25 



1 329 -3.8'5 8 8 -15 L 2 474 -533 -3.8' 11 324 348 -1.8' 2 6.8'9 576 28 
2 -13.8' -63 -14 3 262 -292 -1.8' 8 -9 L 12 532 -512 1.8' 3 281 -349 -34 
3 359 339 7 B 233 -211 5 4 579 647 -38 13 254 -271 -5 • 864 -827 3.8' 

• -113 13 -8 1 361 344 6 5 71 162 -15 B 421 447 -13 14 6B2 619 -9 5 439 449 -6 
5 466 -uz 1B 2 298 232 17 6 664 -693 -16 1 426 -42.8' 3 15 3B6 332 -9 6 567 535 23 
6 118 113 B 3 373 -456 -33 7 -52 -37 -3 2 485 -5BZ -9 16 663 -673 -5 7 312 -255 H 
7 417 U3 -lB • 233 -143 18 8 611 6.94 3 3 595 6B6 -8 17 -54 -42 -2 8 672 -65B 17 
8 234 -156 16 5 415 476 -26 9 91 -54 3 4 255 3.8'1 -19 18 366 4.8'1 -13 9 4.8'2 417 -7 
9 2.93 -197 1 6 187 62 17 lB 587 -612 -13 5 8.8'5 -8.8'3 1 19 -118 13 -8 1.8' 457 465 -4 

lB 72 6B .8' 7 418 -47.8' -21 11 52 16.8' -15 6 233 -213 6 11 352 -4.8'1 -23 
8 172 76 13 12 467 5.0'1 -16 7 813 776 28 8 -6 L 12 432 -47.8' -19 

7 9 L 9 393 477 -34 13 278 -228 14 8 -118 24 -12 13 575 582 -4 
u 2.0'6 -129 14 14 532 -578 -22 9 656 -646 7 II 318 -373 -27 14 258 311 -19 

-9 139 136 B 11 538 -568 -13 IS 26.8' 261 B 111 39 46 .8' 1 427 -423 2 15 63.8' -615 7 
-8 -111 125 -16 12 23.8' 2.8'4 5 16 328 352 -8 11 573 592 -1.8' 2 844 839 • 16 38 -156 -14 
-7 342 -274 2.8' 13 Ul 482 -16 17 169 -183 -2 12 -19.8' -4.8' -3.8' 3 617 597 17 17 4.8'7 424 -6 
-6 -168 -5.8' -18 13 429 -46.8' -14 • 938 -91.8' 23 18 -191 12 -22 
-5 232 238 -1 8 -14 L 8 -11 L 14 2.8'2 219 -4 5 678 -662 13 19 434 -439 -2 
-4 -136 64 -14 15 433 474 -18 6 1225 1171 38 
-3 295 -214 22 B 172 -99 11 .8' 311 346 -14 16 -125 -6.8' -12 7 24.8' 262 -8 8 -3 L 
-2 -43 19 -1 1 4.8'5 417 -4 1 219 157 16 17 47B -474 -1 8 542 -5.0'6 27 
-1 298 269 8 2 184 88 15 2 353 -4B8 -26 18 25.9 252 .8' 9 74 -178 -21 B 378 -383 -z 

.8' -96 -14 -6 3 425 -485 -26 3 -116 -76 -15 19 2.8'2 257 -13 u 743 7.8'8 26 1 163 194 -9 
1 473 -us 27 • 99 1 6 4 534 576 -23 11 58 -176 -22 2 521 5.8'.8' 15 
2 116 147 -4 5 575 611 -18 5 84 -112 -4 8 -8 L 12 616 -6.8'5 7 3 767 -74.8' 23 
3 255 311 -17 6 13.8' -64 8 6 679 -7.8'9 -22 13 -119 28 -11 4 5.8'9 -487 16 
4 189 -224 -8 7 466 -512 -21 7 127 -15 11 .8' 168 248 -26 14 573 589 -8 5 746 711 29 
5 235 -25.8' -3 8 179 159 3 8 774 765 6 1 458 -498 -23 15 69 -167 -15 6 216 2.8'7 z 
6 245 259 -3 9 4.8'5 42.8' -6 9 268 -26.0' 2 2 16.8' -226 -2.8' 16. 521 -513 3 7 681 -636 37 
7 2.8'9 2.8'7 .8' 1.8' 41.7 -38.8' 18 1.8' 63.8' -623 3 3 591 629 -28 17 8.8' 119 -4 8 15.8' -224 -22 to.:) 
8 1.8'5 -167 -9 11 48.8' -498 -7 11 355 374 -7 4 -148 94 -27 18 371 378 -2 9 638 6U -4 g 12 475 495 -8 12 63.8' 686 -31 5 535 -557 -13 19 188 -189 .8' 1.8' -52 1.8'8 -12 

7 111 L 13 355 296 18 13 49.8' -49.8' .8' 6 -7.8' -163 -26 11 534 -543 -5 
14 433 -455 -8 14 329 -4.8'2 -29 7 712 663 38 8 -5 L 12 -117 -167 -33 

-7 2.8'5 -2.8'2 B 15 1.8'7 -167 -8 15 424 454 -12 8 -7.8' -17 -4 13 575 587 -6 
-6 -63 23 -2 16 56 1 1 1 -5 9 6.8'7 -594 1.8' II 391 -39.8' B 14 -66 -126 -14 
-5 26.8' 273 -3 8 -13 L 17 373 -438 -25 1.8' 229 27.8' -14 1 -114 -15 -12 15 299 -362 -24 
-4 173 -111 9 18 1.8'3 -9.8' 1 11 643 669 -17 2 585 584 .8' 16 -22 98 -6 
-3 257 -212 11 .8' 143 181 -7 12 547 -537 5 3 349 328 111 17 427 388 14 
-2 289 213 19 1 465 5.8'6 -19 8 -1.8' L 13 314 -329 -5 4 1.8'37-1.8'.8'4 26 18 72 -1.8'4 -3 
-1 -136 13.8' -21 2 37.8' -354 6 14 411 422 -5 5 11.8' -128 -3 19 275 -3.8'7 -9 

.8' -1.8'1 -132 -16 3 326 -365 -15 .8' 4.8'7 us -19 15 326 369 -16 6 1.8'43 992 4.8' 
1 2.8'1 -181 4 4 4.8'8 475 -31 1 172 -191 -5 16 454 -491 -17 7 -186 3.8' -33 8 -2 L 
2 248 225 5 5 328 369 -16 2 516 -543 -15 17 183 -11.8' 12 8 643 -6.1J4 3.8' 
3 179 168 1 6 428 -425 1 3 215 25.( -13 18 373 411 -14 9 -129 9.8' -21 B 253 -235 7 
4 287 -295 -2 7 3.8'9 -34.8' -11 4 437 .(87 -27 19 -167 91 -21 1.8' 782 765 13 1 314 266 21 
5 13.( -132 .8' 8 274 272 II 5 53.8' -517 6 11 43.( -431 1 2 293 327 -16 

9 3U 369 -9 6 5.8'2 -527 -16 8 -1 L 12 657 -617 26 3 7.8'8 -671 31 
8 -16 L u 46.8' -.(76 -7 7 398 342 25 13 315 324 -3 4 -155 -97 -32 

11 2U -262 -5 8 552 571 -1.8' • -128 -144 -32 14 54.8' 536 2 5 64.8' 593 39 
2 256 2H -4 12 477 517 -18 9 428 -.(51 -11 1 539 -538 1 15 595 -619 -14 6 153 265 -39 
3 33.8' -272 16 13 147 121 4 1.8' 413 -381 14 2 296 342 -21 16 217 -212 1 7 911 -89.8' 16 
4 3.(9 -265 24 14 .(81 -561 -36 11 486 486 .8' 3 478 486 -5 17 354 385 -11 8 -224 7 -41 
5 224 266 -1.8' IS 1.8'3 - I.( 5 12 512 514 -1 4 118 -177 -14 18 -122 158 -24 9 437 4.8'8 14 
6 296 262 9 16 378 45.8' -27 13 688 -722 -24 5 737 -7.1J9 22 19 368 -371 -1 1.8' 69 -168 -19 
7 283 -191 22 14 -1.8'.8' -1.8'7 -14 6 68.8' 656 19 11 466 -5.8'6 -22 
8 2.8'6 -16.8' 8 8 -12 L 15 H8 SIB -23 7 834 8.0'5 22 8 -4 L 12 221 266 -15 
9 247 279 -8 16 195 128 12 8 51.9 -524 - 8 13 553 544 4 

1.9 175 53 14 B 4.8'9 384 1.8' 17 498 -562 -29 9 486 -54.8' -32 • 478 -451 16 14 169 -26.8' -25 
1 34.9 39.9 -21 18 84 71 1 1.9 378 358 9 1 214 266 -2.9 15 234 -3 2.9 -28 



16 219 295 -22 -1 472 -487 -8 -8 256 211 12 -9 55 u ~ -1 2B2 249 -12 5 95 128 -4 
17 168 152 2 16 274 2916 -6 -7 -177 76 -28 - 8 289 168 u 16 192 -169 2 6 4216 -489 -28 
18 2166 -283 -19 1 593 615 -18 -6 359 -292 25 - 7 128 -1516 -3 1 246 -224 5 7 164 -11 15 

2 7165 -699 13 -5 -178 -58 -25 - 6 283 -264 5 2 189 195 -1 8 418 481 6 
9 -1 L 3 1516 -193 -8 -4 391 349 19 -5 277 272 1 3 198 194 B 9 167 18 15 

4 623 6168 19 -3 -111 - 6 -9 -4 219 233 -4 4 125 -165 -7 u 457 -487 -12 
16 181 -2316 -16 5 88 199 -26 -2 577 -524 37 -3 3316 -311 7 5 199 -218 -4 11 222 16 25 
1 576 563 116 6 783 -783 59 -1 111 171 -13 -2 124 -2169 -216 6 391 412 -7 12 us 418 -4 
2 -2161 - 4 -39 7 -89 -161 -29 16 512 463 25 -1 483 353 21 7 -159 65 -18 
3 1163 -643 58 8 646 631 11 1 171 -1616 2 B 48 36 B 8 387 -343 15 9 -u L 
4 333 366 -17 9 71 138 -18 2 234 -268 -12 1 319 -272 17 9 132 -38 8 
5 463 459 2 lB 679 -678 7 3 -142 93 -22 2 -117 34 -11 1s 257 212 18 ~ 332 328 3 
7 493 -453 22 11 249 275 -8 4 352 324 12 3 396 376 4 1 236 219 4 
8 128 199 -19 12 397 4U -5 5 416 -U9 -17 4 -159 -34 -28 8 8 L 2 451 -454 -1 
9 263 332 -29 13 616 -124 -7 6 363 -369 -2 5 363 -388 -11 3 1516 -122 4 

116 229 -2416 -3 14 396 -435 -16 7 391 419 -18 6 -161 57 -21 -8 284 -189 15 4 481 516 -15 
11 533 -687 -43 15 191 217 -6 8 424 431 -2 7 551 521 14 -7 151 -178 -3 5 -416 16 -1 
12 499 494 7 16 221 1H 5 9 459 -477 -8 8 252 -269 -5 -6 128 147 -2 6 486 -512 -12 
13 311 322 -4 17 127 -179 -8 lB -98 - 56 -7 9 259 -263 -1 -5 212 225 -3 7 -72 82 -7 
14 225 -326 -34 11 355 345 3 116 -99 81 -116 -4 233 -211 5 8 584 588 1 
15 151 -213 -u 8 2 L 12 -1U 79 -17 11 258 222 7 -3 126 -126 8 9 231 -219 z 
16 385 373 4 13 193 -252 -17 12 67 -185 -3 -2 166 191 -5 18 493 -548 -25 
17 -27 23 8 -13 2~1 -142 1~ 14 -238 6 -33 13 127 -223 -18 -1 229 185 1.8' 11 272 2916 -5 
18 2616 -279 -5 -12 -169 67 -216 15 259 246 3 16 258 -243 4 12 335 345 -3 

-11 195 189 1 8 6 L 1 99 -146 -6 13 357 -371 -4 
8 ~ L -1.8' -IB8 -189 -15 8 4 L 2 379 314 22 14 152 -296 -34 

-9 -72 -196 -29 -11 125 -137 -1 3 19 41 16 
~ -213 -34 -u -8 237 282 116 -12 283 188 22 -116 199 -119 13 4 413 -364 17 9 -13 
1 589 579 7 -7 2166 2165 16 -11 -154 36 -15 -9 174 148 4 5 -1166 35 -7 w 2 185 -2416 -19 -6 224 -265 -13 -116 2U -211 8 -9 -152 122 -24 6 256 298 -11 ~ 338 353 -I 
3 454 -481 -15 -5 279 -2916 -4 -9 -2169 9 -316 -7 319 -285 11 7 -516 -29 -1 1 141 -127 2 ... 
4 356 424 -37 -4 4316 398 19 -9 172 126 9 -6 -171 -62 -22 2 389 -434 -18 0 
5 661 632 23 -3 163 2164 -11 -7 -173 17 -21 -5 342 351 -3 8 9 L 3 188 2168 -4 
6 6164 -586 14 -2 · 684 -591 8 -6 374 -319 21 -4 -176 19 -22 4 382 4416 -25 
7 191 -258 -23 -1 -287 -46 -41 -5 122 124 16 -3 382 -353 1 1 -5 -112 134 -17 5 192 -282 -26 
8 478 466 6 B 778 719 39 -4 3216 316 1 -2 -163 -5 -19 -4 331 -254 21 6 416 -458 -18 
9 -142 156 -37 1 -189 -192 -42 -3 83 -144 -116 -1 293 279 4 -3 -1169 14 -7 7 222 288 -216 

18 638 -623 18 2 596 -538 u -2 346 -313 13 B -55 716 -5 -2 344 268 22 8 352 442 -38 
11 -171 -78 -28 3 -191 -7 -33 -1 164 188 -6 1 483 -378 18 -1 -141 -3 -11 9 388 -4162 -5 
12 349 388 -17 4 632 689 18 16 1516 2162 -13 2 -68 196 -29 B 2516 -269 -4 116 321 -368 -17 
13 -249 99 -55 5 -162 -123 -36 1 67 -95 -2 3 386 362 9 1 -176 18 -18 11 386 3816 2 
14 354 -316 13 6 694 -668 18 2 283 -226 -6 4 216 -282 -2.8' 2 272 239 8 12 2916 3161 -3 
15 65 47 1 7 228 263 -14 3 393 367 11 5 197 -229 -8 3 -73 -65 -5 13 5167 -543 -16 
16 389 318 -2 8 531 579 -27 4 -113 1B8 -19 6 221 276 -u; 4 379 -336 14 14 211 -135 14 
17 -128 -157 -22 9 175 -197 -5 5 5916 -535 23 7 148 215 -14 15 488 588 -u 

116 u1 -us 1 6 123 -159 -7 8 214 -221 -1 9 -16 L 
8 1 L 11 2163 241 -18 7 5516 542 4 9 138 -126 1 9 -lZ l 

12 373 4164 -13 8 -134 124 -24 u -184 181 -25 4 189 136 8 
-13 271 -175 22 13 1816 -2u -16 9 3516 -3516 16 11 32 1316 -8 5 322 2916 9 ~ 3U 35. -3 
-12 -175 -31 -19 14 312 -298 4 lB -195 44 -27 6 283 -174 5 1 271 -3167 -12 
-11 18.8' 2216 -9 15 339 328 3 11 257 259 16 8 7 L 7 192 -187 16 2 386 -A22 -15 
-18 -36 4.8' -1 16 143 145 B 12 -124 -42 -116 8 255 289 lB 3 422 492 -33 

-9 382 -299 4 13 327 -335 -2 -9 21616 182 3 4 217 222 -1 
-8 -1416 95 -21 8 3 L 14 91 139 -7 -8 -125 -39 -116 9 -15 L 5 C98 -5816 -43 
- 7 us 341 25 -7 272 -287 16 6 116 -151 -6 
-6 195 -166 7 -13 -117 -87 -12 8 5 L -6 42 59 - 1 16 222 213 1 7 598 63Z -18 
-5 466 -399 33 -12 252 137 23 -s 378 326 15 1 268 296 -7 8 -916 57 -7 
-4 216 284 3 -11 -51 138 -13 -12 88 167 -1.8' -4 -147 -189 -21 2 295 -297 16 9 537 -542 -2 
-3 348 345 1 - IB 2816 -218 -4 -1 I 111 -79 3 -3 387 -348 14 3 232 -233 B 116 53 32 1 
-2 278 -331 -27 -9 84 -93 -I -JB 198 -151 7 -2 138 193 -12 4 JU 398 -19 11 437 494 -26 



12 8A -5 A 9 1.9'5 -167 -12 3 488 -511 -13 1A 295 -337 -15 -10' 275 -187 21 
13 575 -585 -A 10' 555 572 -9 A 6AB -637 8 9 -3 L 15 371 348 8 -9 -82 95 -9 
I A -11 12A -9 11 .IJ A.IJ -1 5 725 70'9 12 16 -215 50' -30' -8 262 151 26 
15 471 A98 -11 12 H 7 -AB2 6 6 389 387 8 .IJ 188 198 -19 17 256 -318 -15 -7 189 -125 -2 
16 18A -151 -6 13 -159 22 -18 7 425 -08 -7 1 5AI 52S 12 -6 ISS -188 -8 

1 A 485 583 -8 8 -72 -162 -26 2 195 -221 -8 9 .IJ L -5 218 231 -3 
9 -11 L 15 -146 -47 -15 9 6 40' 623 II 3 385 -412 -13 -A -74 lB.IJ -28 

16 476 -581 -18 1.9' AI 3 1 A 329 375 -22 .IJ 653 593 u -3 A21 -A19 3 
s IH 188 -3 17 34 170' -16 II 50'7 -498 5 5 368 371 -1 1 228 -175 13 -2 276 -268 2 
1 288 -317 -II 18 318 375 -21 12 257 -298 -15 6 723 -688 27 2 584 -453 27 -1 633 563 43 
2 166 -213 -12 13 592 618 - 9 7 366 -A86 -20' 3 -IA6 113 -29 .IJ 83 47 3 
3 523 567 -23 9 -8 L 1 A -127 -lA -11 8 628 638 -12 A 369 348 18 1 AlB -384 15 
A -51 A5 -3 15 A96 -519 -II 9 35 118 -18 5 331 -345 -6 2 -119 -192 -AS 
5 651 -689 -28 .IJ 217 -241 -8 16 -139 15 -12 10' 498 -474 12 6 -88 -141 -21 3 583 456 23 
6 -126 -9 -12 1 174 -272 -32 17 444 466 -9 11 282 -217 -4 7 362 372 -4 4 -147 5 -17 
7 771 88A -2A 2 239 253 -A 18 121 -167 -7 12 5A6 516 15 8 393 396 -I 5 315 -328 -2 
8 20'3 -211 -2 3 295 381 -2 13 -240' 75 -A9 9 535 -536 .IJ 6 -43 .IJ -1 
9 6A 1 -668 -14 4 322 -389 5 9 -5 L 14 30'9 -3A3 -12 18 185 -162 5 7 642 647 -2 

l.IJ 281 212 -2 5 355 -356 8 15 40' -138 -9 11 382 376 z 8 -112 -119 -19 
11 682 787 -13 6 759 743 12 .IJ All -429 -9 16 5A2 535 3 12 -154 11 7 -26 9 541 -536 z 
12 286 -311 -8 7 55 -181 -5 1 488 416 -4 17 -199 -78 -29 13 325 -283 14 u 163 253 -23 
13 319 -345 -9 9 694 -657 28 2 396 456 -33 18 385 -321 -4 1A -191 -33 -2A 11 352 383 -12 
14 389 431 -17 9 194 242 -15 3 711 -684 21 15 215 246 -8 12 197 -210' -3 
15 287 248 -8 l.IJ 682 599 1 4 144 -238 -29 9 -2 L 16 -195 -14 -23 13 324 -286 11 
16 434 -487 -21 11 269 -292 -8 5 658 666 -12 1A 93 186 -lA 
17 175 -242 -14 12 358 -349 8 6 281 258 -17 .IJ 295 338 -19 9 1 L 15 -188 241 -39 

13 289 234 -6 7 752 -725 28 I 377 484 -13 
9 -l.IJ L 14 384 373 4 8 -113 99 -19 2 347 -356 -4 -12 19A 179 3 g 3 

15 458 -476 -11 9 754 723 23 3 172 -271 -34 -1-1 -llA 42 -8 
.IJ -129 -AI -13 16 20'1 -192 2 1.9' 92 -193 -22 4 497 497 8 -1S 279 -192 21 -11 212 -154 11 w 
1 348 -362 -6 17 316 338 -4 11 734 -780' 24 5 -87 99 -14 -9 -122 4 -9 -1JJ 123 -116 • .... 
2 99 149 -9 18 138 235 -21 12 -78 153 -22 6 752 -785 36 -8 192 20'1 -2 -9 67 Ill -4 ..... 
3 436 430' 3 13 538 533 -I 7 -166 24 -24 -7 -122 -29 -11 -8 -78 98 -9 
A 269 -242 9 9 -7 L 14 361 -395 -lA 8 374 347 12 -6 38ff -26ff 13 -7 22ff -148 15 
5 50'2 -519 -9 15 286 -336 -17 9 -158 2 -28 -5 -158 188 -28 -6 137 -97 5 
6 323 317 2 .IJ 472 -499 -15 16 317 30'8 3 l.IJ 729 -692 27 -4 481 336 27 -5 385 272 11 
7 544 542 1 1 -151 -33 -28 17 243 288 -IS 11 154 283 -12 -3 -144 -122 -28 -4 -222 36 -39 
9 A23 -428 1 2 415 393 11 18 349 -342 2 12 569 557 6 -2 6.(2 -634 6 -3 527 -459 32 
9 HI -477 -18 3 25 -78 -A 13 -165 -1B9 -28 -1 368 338 13 -2 -112 B -9 

18 478 457 6 4 671 -666 A 9 -4 L I A 276 -289 -A B 345 357 -5 -I AlB 372 16 
II 538 563 -17 5 3A5 374 -lA 15 89 199 -17 I 453 -395 28 B -55 10'2 -u 
12 427 -495 -32 6 713 782 8 B -194 -59 -37 16 178 243 -15 2 313 -294 7 1 369 -292 30' 
13 177 -227 -12 7 223 -2.(9 -9 1 52S 499 13 I 7 20'6 -278 -18 3 277 253 8 2 -137 37 -15 
14 493 589 -12 8 539 -546 -4 2 -198 115 -48 4 338 353 -I .If 3 459 .CBZ 26 
15 244 247 8 9 389 382 2 3 686 -652 26 9 -1 L 5 466 -455 5 A 179 -246 -19 
16 678 -714 -22 IS 489 458 -2B 4 -69 214 -43 6 -114 -149 -28 5 233 -296 -21 
I 7 lAS -37 1B II 466 -451 7 5 567 554 IB .IJ 491 .est 21 7 617 613 2 6 Z.IJ8 2U -10' 
18 492 535 -17 12 495 -526 -16 6 48 -168 -28 1 -253 2 -61 8 115 129 -2 7 337 377 -16 

13 A69 494 -12 7 758 -716 32 2 175 -230' -17 9 572 -570' 1 8 Ul -382 8 
9 -9 L 14 362 371 -3 8 318 357 -22 3 -283 -125 -52 18 88 IBA -2 9 -26 -146 -14 

15 524 -557 -15 9 461 474 -7 4 372 358 l.IJ 11 462 452 4 1B 186 217 -7 
.IJ 26 -119 -I ..If 16 190' -188 B 1.9' 291 -294 -1 5 -16ff -162 -A5 12 -149 13 -15 11 70' 159 -12 
1 394 -394 .IJ 17 475 466 3 11 718 -733 -9 6 478 -464 3 13 417 -424 -3 12 279 -233 12 
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Appendix C. Structure factor amplitudes ( 10F 0 , 10F c, 100'F; D'F /k = (F 0 + 
D'F2] t -IF 0 !, k = 1.0108; F 0 < 0 means 10 < 0) for trans-Os( q2-HBA-TMI)2 Cl2 . 
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18 326 355 -18 14 339 334 3 4 834 90'6 -59 2 649 70'6 -67 4 220 186 38 
19 -9B I 4 -9 15 57 1 3 6 756 852 -81 3 167 -167 B -6 JB L 5 1.073 1176 -11.0 
20 316 313 1 16 277 3B3 -13 8 727 783 -46 4 5<12 514 31 6 378 427 -64 
21 107 9 11 17 61 63 B 18 722 815 -74 5 -47 -23 -6 1 -34 32 -2 7 683 726 -53 

18 499 485 11 6 83B 821 10 2 369 371 -1 8 53 -!BB -16 
-7 3 L -7 9 L 2B 396 391 3 16 472 473 B 3 71 92 -4 9 788 785 -5 

17 48 -3 4 .0 " 545 539 4 18 279 -279 8 
16 -67 12 -5 I 296 266 18 -6 1 . L 18 331 315 9 5 135 81 13 11 941 927 13 
I 7 432 426 4 2 48 43 B 19 47 -2 9 I 6 435 424 8 18 -59 - 68 -9 
18 -189 -56 -16 3 374 360 9 1 513 515 -2 2B 267 244 10' 7 97 26 18 19 458 436 15 
19 289 388 -9 4 126 76 12 2 206 -176 24 8 312 298 8 28 I I 4 61 19 
20 46 26 1 5 467 451 12 3 1066 1121 -56 -6 5 L 9 -189 50 -16 21 309 294 8 
21 248 186 ZB 6 -9B 5 -9 4 175 -216 -34 18 350' 341 6 22 142 -I 4 28 

7 353 346 4 5 911 10'44 -153 IS 48B 474 5 II 132 98 9 
-7 4 L 8 - 69 22 -6 6 78 189 -12 16 11 7 55 12 12 432 421 7 -5 2 

9 324 387 IB 7 463 511 -57 I 7 370 377 -4 13 58 59 B 
15 -8B 69 -13 IB 132 107 6 8 -69 54 -16 · 18 106 4 12 1-1 25R 273 -6 1 149 -161 -9 
16 458 471 -9 11 358 369 -6 9 568 589 -25 19 228 227 8 2 994 1868 -83 
1 7 99 -23 lB 12 - 63 33 -5 17 446 425 16 20' 99 -49 7 -6 11 L 3 188 151 29 
18 355 367 -7 13 318 323 -3 18 59 10' 4 4 1.022 1878 -51 
19 120' -7 5 9 14 87 -4 7 19 472 455 13 -6 6 L 1 30'4 30'5 8 5 177 196 -15 
2H 254 248 2 15 212 232 - 8 20' 128 63 13 2 -3 9 28 -2 6 1181 1218 -36 

21 331 387 13 14 451 452 B 3 378 396 -12 7 66 - 4 2 6 
-7 5 L -7 IB L 15 -59 2 -4 4 57 56 .0 8 691 654 42 

-6 2 L 16 377 382 -3 5 356 346 6 9 81 -II 4 -13 
1 4 128 55 17 I -58 59 -8 17 - 82 43 -9 6 I I 4 3<1 13 18 760' H/9 53 
IS 422 4 25 -1 2 252 283 -17 1 150' 182 -23 18 233 229 2 7 26.1J 260 " 18 437 41¥5 23 
16 -1.09 I 3 -13 3 38 76 - 4 2 866 874 -9 19 8.0 4 1 4 R -II 1 - 2 -I 3 19 - 54 5IJ -6 



2S 333 3S8 14 1( 36 -53 -1 13 155 183 -8 7 258 -253 4 4 125 92 8 
21 58 37 2 15 464 461 2 8 77S 8S2 -38 -4 6 L 5 38S 392 -9 

16 58 6S s -5 12 L 9 85 -129 -21 6 62 24 3 
-5 3 L I 7 311 319 -4 IS 9S9 867 42 1 135 178 -27 7 349' 315 16 

18 -65 62 -8 1 1S2 18 11 II 1.07 1.07 .0 2 755 789 -38 8 38 - 54 - 1 
1 962 lSS1 -42 19 259 243 7 2 318 316 1 18 457 382 55 3 61 27 6 9 394 397 -2 
2 321 -331 -12 3 - 91 21 -9 19 -7 8 66 -II 4 787 821 -37 1S -113 33 -14 
3 845 896 -59 -5 8 L 4 333 3 2 4 5 zs 359 39'2 34 5 23S -219 8 11 35.0 352 -1 
4 -78 44 - 21 5 -21 7.0 -5 21 -26 85 - 8 15 45 109 -11 12 152 48 21 
5 812 878 -78 12 457 436 16 6 289 292 - I 16 459 429 22 13 199' 195 -1 
6 295 327 -35 13 -14 -54 -3 7 -182 49' -12 -4 3 L 17 -89 59 -13 
7 936 886 51 14 384 384 s 8 295 282 6 18 218 243 -11 -4 12 
8 108 -1.05 1 15 -1S3 57 -14 9 97 -3S 8 1 586 644 -81 19 -IS4 - 4 -10 
9 lS26 1S2 8 -2 16 342 325 9 18 265 258 3 2 54 - 62 -2 2S 292 282 4 1 -113 IS -14 

17 536 501 28 I 7 13S 79 IS 3 778 886 -142 2 301 318 -4 
18 -2 8 -86 - 9 18 3S3 31S -3 -5 13 L 4 348 3.0'8 39 -4 7 L 3 - 69 64 -9 
19 365 333 2S 5 637 632 5 4 347 324 14 
zs - 87 66 -12 -5 9 L 1 252 282 -13 6 144 -9 5 28 14 -47 -33 -4 5 -67 97 -14 
21 282 251 14 2 -15 4 s 7 14.09 1415 - 5 15 422 415 4 6 287 297 -5 

9 422 423 -1 3 293 384 -5 8 284 -223 54 16 58 64 8 7 -48 24 -3 
-5 4 L 18 52 1S6 -18 4 93 72 3 9 868 821 48 I 7 322 3S7 8 8 281 297 -8 

11 486 485 s IS 4S -52 -2 18 -117 2S -14 9 64 -3S 3 
1 3S8 -311 -3 12 -1S8 4 -13 -4 B L 17 423 393 23 19 258 253 2 18 298 317 -IS 
2 715 773 -7S 13 42S 413 5 18 78 49 4 11 57 2 3 
3 IS3 -51 19 14 62 48 1 2 17S5 1789 -46 19 325 39'6 IS -4 8 L 
4 719 799 19' 15 279 263 8 4 154S 1633 -55 2S 134 1S6 7 -4 13 
5 361 378 -18 16 156 98 16 6 1S54 1169 -9S 21 315 262 25 13 151 -182 14 
6 1267 1269 -1 8 1481 1396 2 1 4 448 417 17 1 227 237 -4 
7 115 1 13 8 -5 18 L IS 1261 1299 -24 -4 4 L 15 93 41 7 2 -68 - JB -4 ~ 
8 1SS6 953 58 18 643 681 35 16 311 344 -28 3 285 283 8 

~ 1 7 114 -128 -4 1 88 59 3 28 34S 324 IS 1 153 99 32 I 7 -65 48 - 6 4 88 98 -1 
18 481 365 24 2 6S9 593 13 22 192 225 -12 2 571 593 -3S 18 265 317 -25 5 319 314 -1 
19 59 -34 2 3 104 89 3 3 -61 64 -21 6 -22 74 -5 
2S 305 274 16 4 594 592 1 -4 1 L 4 685 722 -46 -4 9 L 7 261 286 -12 
21 61 35 2 5 106 46 11 5 196 287 - 9 

6 448 434 4 1 1188 1274 -89 6 1272 1226 4S 18 62 -58 l -3 8 
-5 5 L 7 -96 52 -15 2 18 -48 -6 7 192 19S 1 11 526 544 -15 

8 312 299 8 3 1348 1452 -98 8 1857 1814 40 12 133 - 91 11 2 1313 1552 -174 
1 79S 818 -31 9 1S7 45 11 4 459 546 -136 9 -69 - 41 -13 I 3 346 353 -4 4 us 478 -27 
2 liS -158 -21 18 389 381 5 5 1275 1394 -117 17 12S -130 -3 14 47 - 8 2 6 1S21 1021 s 
3 689 763 -88 11 -33 59 -5 6 32S 333 -16 18 376 328 31 15 276 27S 2 8 1215 1219 -2 
4 237 238 -1 12 384 386 -1 7 581 59S -12 19 -29 8 - 1 16 - 49 41 -4 10 1248 1235 3 
5 813 791 23 13 - 78 4 -6 8 -30 61 -II zs 482 347 34 12 689 638 31 
6 186 95 4 14 247 246 s 9 1878 112S -51 21 189 -23 11 -4 18 L 18 536 5S4 25 

16 75 -23 6 15 -138 -3S -17 10 115 -113 8 28 387 299 4 
17 394 368 18 11 1824 981 41 -4 5 L 7 53 82 -5 22 146 167 -6 
18 55 34 2 -5 11 L 18 -68 -75 -11 8 383 384 8 
19 277 236 19 19 489 427 45 1 915 925 -11 9 s 43 -2 -3 
28 -68 -37 -4 1 313 337 -15 28 36 11 1 2 181 -17S 8 18 46S 443 12 

2 59 55 s 21 276 246 15 3 774 796 -26 II 9 2 49 6 1 948 1828 -89 
-5 6 L 3 443 465 -16 22 -74 -61 -9 4 - 4 38 - 3 12 383 379 2 2 568 633 -191 

4 116 IS? 2 5 1S39 1S22 16 13 123 -12 16 3 1621 1733 -92 
15 143 131 3 5 412 417 -3 -4 2 L 6 221 191 23 1 4 244 232 5 4 45 -14 5 
16 476 464 9 6 73 49 3 7 97S 924 u 15 35 -2 8 8 5 691 684 9 
1 7 118 124 -1 7 282 271 6 1 367 -417 -74 8 164 -132 17 6 55 -51 1 
18 I 75 286 -11 8 183 -33 11 2 889 968 -98 16 77 -51 4 -4 11 L 7 446 483 -52 
19 -51 I 7 -3 9 373 372 I 3 - 51 15 - 8 17 479 458 22 8 516 -467 61 

IS 37 -7 1 4 1087 1898 -12 18 25 18 8 1 385 397 -8 9 lSI I 999 12 
-5 7 L 11 358 346 7 5 136 - 124 8 19 378 338 24 2 73 17 6 IS Ill -121 -5 

12 -83 16 -7 6 628 661 -43 20 I 4 7 -52 18 3 532 529 I 11 10'69 1040 27 



12 77 -39 8 14 -79 B -7 4 989 1656 -52 19 335 336 2 14 78 Ill -7 
18 -63 37 -6 -3 5 L 15 297 294 7 6 886 772 25 26 36 9 B 15 287 362 -9 
19 419 396 26 16 95 - 15 9 8 &2 5 6 UJ 13 ::'I 269 266 4 16 -188 49 -13 
2f1 -49 6 -2 1 467 564 -47 I 7 261 273 -5 18 796 7 4 I 43 17 326 318 5 
2 1 228 219 3 2 163 -186 - I 12 249 25!; -3 -2 4 L 18 30' -43 -I 
22 -67 - 4 I -5 3 751 721 35 -3 IS L I 8 539 51 7 18 19 264 278 - 6 

4 313 356 -52 28 261 235 1 2 I 319 -274 56 
-3 2 L 5 1129 1168 -38 8 419 397 17 2 546 491 73 -2 8 

6 89 29 I 7 9 55 38 2 -2 1 L 3 -37 -47 -II 
1 61B -682 -111 7 911 796 113 18 434 451 -12 4 674 726 -62 13 51 -15 3 
2 1368 1398 -27 8 266 175 21 II -134 - 16 -2£1 I 1438 1596 -149 5 l.fJ8 128 -7 I 4 329 338 -5 
3 18.0' 127 -18 9 511 478 35 12 364 368 3 2 896 -836 72 6 1362 1245 58 15 151 135 5 
4 765 756 11 16 - 67 -67 -18 13 151 -28 25 3 1351 1378 -18 7 288 -175 25 16 284 288 -2 
5 57 37 5 I 7 319 30'1 II 14 325 274 28 4 666 682 79 8 755 686 75 I 7 123 2 16 
6 1612 1668 3 I 8 189 - 8 13 15 -65 - 34 - 5 5 763 718 59 9 196 166 21 18 221 288 4 
7 626 -545 98 19 3.0'8 286 7 6 396 -413 -33 16 646 687 42 
8 843 826 25 28 -167 -32 -28 -3 11 L 7 736 714 28 17 112 -73 9 -2 9 
9 47 -98 -17 8 247 -218 29 18 263 229 17 

1.0' 646 638 11 -3 6 L 1 489 475 11 9 1285 12 0'9 66 19 -141 37 -23 11 437 07 B 
11 222 216 4 2 -11.0' 33 -16 1.9' -34 - 14 -3 28 335 315 11 12 -46 -32 -4 
I 8 461 421 31 1 184 261 -13 3 478 486 -12 II 745 695 54 21 15 -26 8 13 293 271 12 
19 126 186 4 2 664 612 59 4 83 57 4 12 33 -26 8 14 -87 36 -1.0' 
20' 316 294 12 3 245 -243 I 5 348 373 -17 18 -57 36 -5 -2 5 L 15 214 286 -51 
21 -34 12 -1 4 813 791 24 6 34 -41 6 19 357 316 27 16 -31 8 8 

5 218 -168 35 7 348 331 11 2f1 29 22 8 1 791 767 28 
-3 3 L 6 1814 1811 2 8 118 -48 11 21 273 228 22 2 162 156 4 -2 18 

7 -81 26 -14 9 413 416 -2 3 1195 1134 56 
1 938 995 -68 15 59 66 -1 lB 76 16 5 -2 2 L 4 84 4J 13 8 434 432 B 
2 68 67 B 16 382 397 -11 11 367 315 -4 5 11.118 1675 32 9 187 -3 14 .., 
3 834 857 -29 17 85 -19 7 12 67 91 -4 1 677 -738 -79 6 443 351 99 IB 386 391 -3 t-) 
4 316 291 31 18 258 242 4 13 168 194 -9 2 836 981 -86 7 786 615 98 II -45 -63 -7 t-' 
5 1834 1636 -1 19 128 -93 5 3 1392 1279 97 8 189 125 39 12 266 251 4 
6 196 -119 55 26 341 316 13 -3 12 L 4 1391 1251 118 9 41 7 419 - I 13 88 -29 7 
7 915 868 59 5 396 -335 81 16 -43 -13 -2 14 271 26.0' 4 
8 464 -419 51 -3 7 L 1 -65 13 -4 6 1682 1618 66 I 7 282 286 8 IS 163 -45 8 
9 892 893 8 2 376 389 -8 7 384 -294 12 18 115 61 10' 

16 !53 156 -1 1 455 394 62 3 143 77 17 8 1186 1886 86 19 388 265 24 -2 11 
11 786 726 62 2 126 151 -17 4 349 335 9 9 56 64 -2 ZB - 38 - 5 - I 
18 115 76 9 3 669 695 -29 5 116 14 IS 16 882 849 35 3 534 536 -1 
19 349 362 • 28 14 162 145 6 6 277 298 -11 11 262 218 -13 -2 6 L 4 74 29 6 
28 85 1f18 -3 IS 385 386 6 7 169 -31 12 18 418 382 28 5 393 394 6 
21 289 25.0' 19 16 169 115 -I 8 338 336 I 19 76 71 6 1 30'6 246 62 6 77 -1 7 

17 30'3 286 12 9 43 -38 B 26 361 278 13 2 785 745 45 7 344 357 -8 
-3 4 L I 8 -88 -2 -7 lB 332 336 -2 21 49 -32 I 3 65 -22 8 8 117 -68 1.0' 

19 262 275 -5 11 -95 43 -11 4 1685 997 82 9 377 379 -1 
1 95 53 18 -2 3 L 5 36 -42 " llf 188 58 16 
2 192 194 -1 -3 8 L -3 13 L 6 985 892 89 11 254 284 -15 
3 169 127 -11 1 961 894 9 7 -29 49 -7 12 57 64 6 
4 577 628 -76 13 116 -35 15 1 245 259 -6 2 229 158 71 15 16 7 133 12 13 227 213 6 
5 664 631 46 14 343 356 -4 2 61 -15 3 3 1231 1231 6 16 357 381 -17 
6 1643 918 171 15 52 99 -8 3 244 247 -1 4 85 96 -2 I 7 -56 -8 - 3 -2 12 L 
7 179 119 38 16 323 315 4 4 152 91 16 5 966 759 152 I 8 361 323 24 
8 992 946 46 17 78 B 6 5 254 244 4 6 51 I -04 95 19 I 43 - 68 17 1 82 55 4 
9 94 - 99 -I 18 277 262 7 6 -47 -3 -2 7 1162 1164 55 2 387 391 -2 

16 632 568 75 7 236 238 2 8 324 -249 76 -2 7 L 3 126 77 II 
1 7 82 I 8 -3 9 L 8 133 -55 15 9 945 856 89 4 367 313 -4 
18 328 266 32 18 Ill 1 I 7 -3 1 723 666 66 5 -2 9 - 3 6 
19 - 51 188 -16 11 477 474 2 -2 B L 11 734 656 81 2 250' -157 66 6 35.0' 346 2 
20' 343 321 12 12 162 -94 1 I 7 341 317 16 3 666 596 74 7 195 -113 28 
21 -113 2 6 -13 13 3 2 7 347 -13 2 1889 1186 -85 I 8 49 9 2 4 2.0' 6 -135 44 8 359 357 I 



9 UJ8 -(1 UJ 21 -56 -91 -12 4 1165 978 162 11 242 245 - 1 13 531 536 -4 1 74 98 -18 
18 32 2 313 5 5 41 -78 - 9 12 - 46 3 9 - 4 I 4 - 38 -121 -19 2 185.1J 1475 3J6 
II 2 7 28 8 -1 3 L 6 11 72 1.0'31 1 2 3 13 189 2 3 1 -16 15 611 598 I 4 3 38 9 3 2 7 11 2 

7 2 89 2 46 3 8 16 12 9 14 I - 3 4 1683 13 9 7 2 13 
-2 13 L 1 1549 1381 131 15 118 85 6 -1 12 L 1 7 4 9 9 4A9 24 5 10 3 5 7 2 9 

2 528 499 42 16 381 31 2 - 6 18 15 1 9 6 2 3 6 13 83 1244 161 
1 228 251 -lB 3 12 81 1.9'61 192 17 74 - 74 8 1 1.9'8 54 8 19 2 8 2 2 5 7 19 7 94 35 27 
2 48 18 1 4 583 428 182 18 339 3 15 13 2 369 373 -2 2.9' 7 9 16 9 8 8 6 9 885 94 
3 293 298 1 5 1146 1.9'78 67 19 - 86 -3 4 - 8 3 10'5 66 8 2 1 22 5 21 3 7 9 2.9'4 20 4 8 
4 I 7 2 7 4 26 6 342 -333 11 4 3 28 3 38 - 6 1B 782 849 -5 6 
5 2 81 387 -13 7 8 2 8 769 67 -1 7 L 5 138 - 88 13 8 2 L 11 I"R - 84 6 
6 76 - 46 3 8 30'8 -271 39 6 379 374 3 12 6 97 758 - 49 
7 23 3 2 3 0' 1 9 9 2 9 987 23 1 681 555 131 7 63 - 68 8 8 844 787 178 13 - H3 -118 -2 2 
8 12 3 - 68 18 18 389 342 48 2 468 - 3 97 75 8 336 3 6 3 -16 1 196 167 47 14 40 2 414 - 8 

II 7 2 6 662 66 3 11 13 915 17 I 9 -Ill 3 - 12 2 115 3 968 255 15 65 - 180 - 6 
-1 B L 17 338 311 12 4 -42 -2 4 - 4 18 2 54 296 - 28 3 9 72 863 178 16 31 2 302 18 

18 49 - 12 2 5 1849 984 138 II - 55 2 2 - 3 4 76 2 638 217 17 64 41 4 
2 2224 2239 -6 19 299 248 32 14 45 91 - 7 5 148 -I 31 28 18 399 396 2 
4 296 - 155 189 28 75 - 66 1 15 287 294 -4 -1 13 L 6 15 7 1 15 2 6 50 19 -3 8 24 -3 
6 987 888 16 2 1 238 225 1 16 68 - 9 4 7 435 - 37 3 1.9'9 28 359 35 2 6 
8 1366 126 6 6.9' 1 7 317 2 89 16 1 28B 3.83 -13 8 1336 12 46 l.IJ9 

1B 784 715 53 -1 4 L 18 - 34 - R6 - 8 2 118 77 8 9 2 37 237 - 1 fJ 5 
12 336 318 12 3 268 318 -27 1.8 813 764 73 
18 3 46 341 3 1 521 U1 1B5 -1 8 L 4 34 62 -2 II 65 12 1 -31 1 991 791 279 
20 192 187 2 2 1116 1B31 85 5 383 303 8 12 627 638 - 8 2 137 88 4.9' 

3 265 19B 76 13 -24 28 - 1 6 118 - 56 11 13 138 -176 -IS 3 1651 1391 257 
-1 I L 4 1994 1661 288 14 379 368 7 7 2 46 284 -18 14 639 668 -2 2 4 97 -86 7 

5 293 -221 76 15 48 83 - 5 8 II 5 - 48 11 15 181 57 8 5 1181 180'9 216 
1 1233 1173 61 6 1139 1.9'47 87 16 299 315 - 8 16 465 459 4 6 175 - 193 - 28 

~ 2 - 31 -108 -47 7 - 59 - 48 -13 17 69 - 68 1 -1 14 L 17 146 134 6 7 696 6 2 8 187 
3 1378 12 2 6 128 8 1822 947 74 I 8 2 72 254 14 8 - 93 I 3 -2 9 ~ 4 32 2 -289 45 9 12 - 38 - 2 -1 9 L 1 -78 3B -7 19 79 - 18 1-" 9 63B 6% - 57 
5 1143 1815 127 18 919 833 83 28 212 2.9'7 2 18 35 - 9 1 
6 7111 - 6 2 4 98 I 7 B 13 8 11 365 357 5 B B L II 885 941 -43 
7 1473 1374 BB 18 342 328 8 12 2B -31 8 8 J L 12 272 -26B 6 
8 182 -176 5 19 -122 3 -IS 13 223 273 -26 2 2288 2362 -45 13 686 648 -32 
9 1894 18B1 89 28 373 356 1B 14 85 14 7 4 1458 1361 82 1 1783 1391 365 14 98 31 9 

18 2 88 2 51 28 15 315 290 14 6 1664 1492 126 2 1834 827 299 15 361 373 -7 
11 863 797 67 -1 5 L 16 144 -66 16 8 1324 1214 95 3 2893 1842 211J 16 -28 22 - 2 
18 187 132 28 18 648 581 76 4 153 115 42 17 353 366 -13 
19 32 1 388 8 1 1189 976 128 -1 1B L 12 582 6.83 -17 5 1761 1491 273 18 116 34 19 
20' 68 - 16 3 2 256 191 62 14 748 766 -19 6 1 2 8 -91 31 19 368 351 14 
2 1 271 215 26 3 1887 1477 211 8 525 523 2 16 563 565 - I 7 918 844 112 

4 201 15B 4B 9 - SB 27 -3 18 3B7 30'8 - 1 8 292 236 78 B 6 L 
-1 2 L 5 179/:J 1522 174 18 375 371 2 28 248 236 8 9 1B71 1848 42 

6 178 182 -2 11 73 -64 1 10' 27 6 278 - 2 B 1297 1838 2B9 
1 97B 848 137 7 896 839 59 12 261 248 18 B 1 L 11 7 99 837 -30 1 287 -164 47 
2 1613 1524 78 8 22 - 12 B 13 -38 -2 6 -1 12 64 - 6 5 2 1187 942 213 
3 318 32 1 -4 9 544 49B 57 1 4 273 2 75 -1 1 2144 1818 272 13 5 3 5 546 -9 3 443 - 373 1.9'9 
4 1864 986 84 16 111 113 B 15 -181 - 22 -18 2 515 -393 266 I 4 I'll -158 13 4 1362 1121 266 
5 66 68 2 17 362 363 B 3 1872 1751 II 7 15 451 472 -14 5 147 95 37 
6 1195 1887 1B2 18 1B2 82 4 -1 11 L 4 289 232 99 16 -128 -16 -17 6 89B 772 164 
7 486 -4 2 9 73 19 388 365 14 5 1485 1384 123 17 323 3B2 19 7 88 76 6 
8 1311 1288 89 28 -159 29 -24 4 114 63 11 6 422 -484 35 18 88 9 13 8 689 617 - 6 
9 198 I 9 7 - 6 5 322 331 - 5 7 122 4 1146 184 19 277 257 15 9 167 -161 2 

1B 929 864 66 -1 6 L 6 - 85 -61 -13 8 171 158 14 28 91 -58 7 1B 588 543 -28 
11 282 258 28 7 453 441 18 9 1287 1189 124 11 71 8 6 
18 3 17 316 8 1 26 9 1 8 137 - 33 21 18 42 92 -22 8 • L 12 648 781 -48 
19 179 35 37 2 941 757 178 9 358 378 -13 11 liB 658 89 13 154 87 18 
2 0' 7.2 6 2 2 9 - I 3 23 !'i - 194 35 18 - 6 3 3 1 -5 12 5 7 f;9 -2 .IJ IIIH 899 )qq I 4 UP 41;7 - 39 



IS 84 -9 13 II 362 391 -32 3 358 352 s 7 194 -189 4 19 -31 -23 - I 11 536 594 -42 
16 267 286 -15 12 59 45 2 <1 -1 25 II -2 2 8 <J97 9A8 50' 12 21 133 - 19 
I 7 128 -7 4 1 4 I 3 31 <1 338 -23 5 34<1 347 - 2 9 441 413 32 I 5 L 13 298 337 -35 
I 8 383 313 - 8 14 37 - 5 2 6 -92 -67 - 18 10' 8~7 77B 38 I 4 -31 11 - I 
19 48 -29 2 I 5 31 2 31 7 - 4 7 258 289 -ZIJ II - 76 5 - 0 B 1~3 64 17 I 5 270' 286 - 9 

16 83 - 67 3 8 19 fij ~ 12 r.~n 619 -9 I 1336 1169 1.10' 16 143 -1.1'3 II 
i' 7 L 13 53 -73 - 3 2 I 3 I 14:1 - 7 I 7 301 2CJ~ 5 

8 18 L 8 14 L 1.1 561 545 II 3 1312 I I 55 132 
1 853 696 218 15 - .tl 54 -5 4 332 -272 (;6 1 8 
2 I 72 -I 19 44 8 789 683 18 8 1 7 4 189 -5 16 AH 4 22 13 5 8R7 783 IJHI 
3 12B9 1035 286 I -76 52 -9 I 181 33 13 I 7 CJ9 1?6 -? 6 53 I 7 6 8 18'74 970 69 
4 rJI I 2 7 2 2 686 659 18 2 165 233 -34 18 273 ?39 I 7 7 .1B 2 3q 48 I 96 51 8 
5 971 883 6 2 3 151 66 2B 19 74 -7 2 B 8 51 8 7 2 828 742 6 3 
6 138 56 19 4 52 2 5BI 13 1 8 L 2B 241 I'J0 22 q 551 577 -zz 3 -8 6 33 -I I 
7 631 625 4 5 54 33 I 1" 1;' 4 -153 -I 1 4 5 36 4 7R 49 
8 122 -1B5 5 6 5 77 553 16 8 1877 2368 -288 1 3 L II 661 699 -3 0' 5 192 177 6 
9 559 589 -23 7 IB9 43 10 2 1587 1548 26 I 2 - 6') -47 - 8 6 503 4R7 11 

18 166 -20'9 -19 8 539 543 -5 4 1145 10'58 62 8 82 12 6 -30 I 3 .115 4 4 I -18 7 101 -5 8 7 
II A73 54 I - 51 9 - 40 IS -3 6 1769 17.0'9 60' I 958 846 12 4 I 4 D -26 0' 8 618 612 4 
12 84 77 I 10' 339 349 -9 8 1662 1557 53 2 17 8 I<' 7 4 J 15 299 3 ZJ -I 7 9 56 -7:) -2 
13 358 373 -9 II 64 -I 4 7 18 685 612 56 3 1685 161 2 54 16 1~2 5 I 3 10 462 51 I - 35 
1 4 I I 9 5 I 2 I I 2 20'4 27.3 -13 12 674 697 - IB 4 -35 -39 - A I 7 32! 332 -3 I I -121 - I .t -16 
IS 225 238 - 9 13 68 -8 7 I 4 752 739 9 5 1.1'57 1039 19 I R -109 - 19 -13 12 356 3 7 4 -I 4 
16 82 -37 9 I 4 292 387 -12 16 424 o13~ -4 6 - 83 33 -23 1'1 331 31.t IB 13 10'2 76 5 
I 7 319 3B4 12 18 3.A' 2 292 6 7 IIIB 1~63 46 I 4 3 64 3 7 I -5 
I B 58 - 89 - 6 8 11 L 2B 271 2 71 ~ B 15 4 154 0 I 6 L IS 42 -18 I 

9 II R6 I I 18 6B 16 255 2f> ? -3 
B 8 L 1 654 662 -5 1 1 L 10 13 7 15 2 - 9 8 l.IH8 855 196 

2 II 7 119 8 11 732 7SB -15 I 475 -391 95 1 9 L 
8 999 915 58 3 349 346 I 8 486 -527 -79 12 114 -1~0' 3 2 II 58 996 144 ~ 
I 237 -232 2 4 -44 7 -4 I 1887 1888 -61 13 631 640 -7 3 -3 8 -34 - 6 B 64 -2 8 4 ~ 2 876 786 65 5 355 367 -12 2 1457-1480' -2B I 4 -138 - A6 -;'5 4 10' 75 982 87 I 613 586 2.0' 
3 211 -158 27 6 - 6 -12 B 3 1HJ6 1296 96 IS 3(;2 3-iR B 5 136 1~3 16 2 282 -2') ? 16 
4 674 604 53 7 415 416 -I 4 1414-1331 88 I 6 42 51 - I h 920' 837 0 2 3 565 50 15 
5 86 27 8 8 43 -17 2 5 1386 1352 29 I 7 3B6 313 - 4 7 37 - 2H I 4 125 q3 8 
6 747 7B8 28 9 284 299 -13 6 2B0' -19 1 9 18 -55 2 4 - 4 A 555 6.0'0' -39 5 694 686 6 
7 - 49 -60 -7 10' 10'2 22 16 7 1587 1518 52 19 234 226 3 9 -3 1 -30' -2 G 68 132 -I 4 
8 696 717 -IS II 207 239 - 2 1 8 - 3B -2B - 3 2B 65 -2 8 3 18 (;23 671 -38 7 6 25 622 2 
q 248 -221 12 12 72 - 12 7 9 881 820' 66 II 55 -5 4 0" 8 107 -125 - .t 

1.0' 573 6.0'.1 -22 13 2 28 244 -IS 18 168 I 75 -5 1 4 L 12 .195 S..tfl -3 9 9 526 5<16 -I 4 
II 93 -98 -I 11 537 529 7 1 J -1<12 - 1 t1 -;>4 lB 73 -79 - I 
12 395 4~9 -1 7 8 12 L 12 25 -12 8 8 1241 1134 99 1<1 363 374 - II II 347 39R -oil 
I 3 - 25 2 8 -2 13 587 576 8 1 289 194 14 IS 73 -53 3 12 -54 9 -- 4 
I 4 325 333 -7 B 516 531 -12 I 4 61 -121 -12 2 1713 1485 159 16 30".1 311 - 4 13 349 356 - 5 
15 II I 13 28 I IB6 51 14 IS 689 686 2 3 386 299 8 .I 7 146 - 95 I 4 I 4 -50' -34 - 4 
16 299 29.0' 7 2 4 36 448 -I 4 16 70' 35 3 4 149B 14.0'1 71 I 8 318 3f1fJ 5 IS 288 312 -I 3 
I 7 72 -91 -4 3 - 99 5 -16 17 338 361 -16 5 532 -525 9 

4 367 38 2 -I 4 I 8 -54 24 - 4 6 7 20 672 57 I 7 L 1 10 
8 9 L 5 91 -77 3 19 265 256 5 7 142 80 33 

6 366 366 8 2B 8.0' - 49 4 8 623 5.19 83 H -37 5 -3 8 649 685 38 
I 833 784 35 7 liB -65 12 9 - 67 21 -13 I 18<'9 875 142 I -28 - 7 8 
2 3BS -271 I 8 8 332 351 -16 1 2 L 1.0' 75B 779 -23 2 292 - 2 41 43 2 504 479 16 
3 742 721 IS 9 -1.0'5 47 -19 II -83 -2 7 - IB 3 IP58 97.0' B I 3 152 90 16 
4 168 - 1 7B fij 10 235 253 - I I 8 1354 1293 55 12 6 2 9 648 -I 4 4 I ~; ;; 146 4 4 552 539 8 
5 66 I 632 21 II 31 3.0' 8 I 913 958 75 13 142 -189 -I 7 5 889 836 39 5 130 -153 -6 
6 - 43 87 -10' 2 875 847 34 I 4 2'"17 312 - 8 6 I IS 1<1A' - 8 6 6R0 6Rt1 -2 
7 793 761 21 .0' 13 L 3 338 -359 -32 I 5 -I 12 38 -IS 7 .61 2 613 .0' 7 120 - '17 4 
8 29 - 39 0 o1 1318 1269 45 16 3<12 337 o1 8 275 -2).1 ?.3 8 590' 6!'l'L' -10 
9 615 637 -IS I 34 7 360 -II 5 664 - 5G9 12.0' I 7 o13 32 I 9 531 553 -I 7 9 99 - 76 5 

10' 134 -6 7 I 4 2 -79 45 -12 6 1386 1337 43 I 8 38B 3&6 9 10 ')6 -13;' - 9 10 307 33 2 -I 7 



11 88 -92 B 16 493 389 11 9 712 69~ 24 1 358 -346 13 9 67 13 
12 246 265 -10 18 151 163 -4 UJ 85 -II 7 -8 2 114 I 1.0'91 46 B 422 -4.9'~ 12 
13 99 -67 6 II 723 738 -12 3 156 -164 - 5 1 37.9' 349 13 2 13 
14 288 311 -13 2 1 L 12 189 -21iJ!iJ - 8 ~ 864 77 4 91 2 189 -235 -21iJ 

13 41iJ8 4 2 3 -lliJ 5 118 73 18 3 4 2 7 411iJ 11 B 74 77 B 
1 1 L B 142 81 45 1 4 lliJ4 - .t 2 II 6 489 49-1 - 4 4 27 6A - 4 I 272 291 -9 

1 885 863 28 IS 3\liJ 31iJ6 4 7 58 - 2 9 3 5 517 485 22 2 136 --16 I 7 
1iJ 75 27 4 2 216 225 -12 16 - 75 76 -14 8 717 753 -29 6 75 13 6 3 326 295 I 7 
I SliJB 496 7 3 571 629 -76 I 7 313 289 15 9 13.9' -85 13 

., 484 479 9 4 229 -157 28 
2 6.9' 32 2 4 ISS -294 -56 18 -110 -4 - 14 1B 438 481iJ -31 8 -89 -35 -9 5 237 256 - 8 
3 367 358 B 5 1288 1288 B 19 258 232 12 11 93 -19 19 9 3.0'5 322 -15 6 -9.0' -7.0' -13 

• -64 16 -7 6 59 -20 8 12 416 452 - 25 1.0' - 59 13 - 5 
5 417 4.0'7 7 7 780 795 -18 2 4 L 13 82 75 1 11 232 263 -17 3 B 
6 65 -58 .0' 8 - 65 54 -18 1 4 292 ?84 5 12 - 14 35 -I 
7 455 455 B 9 621 552 77 B 958 99.9' 63 IS 25 - 55 -3 13 274 276 -1 B 1925 1989 -52 
8 98 -36 9 1B -23 ~ -I 1 541 569 -26 16 294 392 -~ I 4 II I - 76 7 2 555 573 -19 
9 252 299 -26 II 564 578 -11 2 1~55 1420" 28 I 7 -84 - 56 -10 ~ 465 ~57 7 

1B -39 -I 5 -I 12 114 -194 2 3 132 81 27 2 1.9' L 6 1195 1188 ~ 
11 182 217 -IS 13 624 622 I 4 1969 lliJ5S 19 2 7 L 8 3 71 368 2 
12 75 -42 4 14 lliJ!iJ -59 7 5 -31 - 69 -15 B 498 474 15 1B 194 193 B 

15 592 ~74 18 6 467 454 16 B IS~ -199 23 I -61iJ 83 -II 12 494 ~92 -5 
12 L 16 13 36 -I 7 199 73 15 1 771 702 71 2 351 329 12 14 535 532 2 

I 7 264 289 -u 8 573 539 38 2 72 32 1.9' 3 98 - 33 9 16 2.06 214 -3 
B 454 465 -8 18 -36 -12 -1 9 -68 48 -18 3 1983 1.9'.0'3 54 ~ 43.0' 398 19 18 187 176 4 
I -159 11 -28 19 232 226 2 1B' 739 789 -49 4 227 222 3 5 126 - 99 8 
2 374 486 -23 II 269 -258 I 5 715 676 39 6 561 531 19 3 
3 - 86 -44 -IS 2 2 L 12 49.0 4 19 -13 6 -IH5 69 ;.2z 7 93 -78 4 
4 3.0'6 323 -10 13 142 -144 H 7 443 462 -14 8 391 394 -2 B 288 395 -24 
5 -36 -194 -13 B 1971 1188 -42 14 329 329 -5 8 3.0'~ -311 -4 9 -zs -53 - 4 1 731 848 -171 
6 344 352 -5 1 511 476 52 15 -39 28 -3 9 57H 616 -35 19 248 258 -5 2 lBJ -2lU - 98 

.., 
7 93 -19 7 2 1362 1366 -3 16 325 3H6 12 1B - 9H -36 -11 11 77 -55 3 3 1136 1162 -26 to,) 

8 279 295 -8 3 751 -71~ 47 17 -96 -14 -II II 432 471 -27 12 279 269 5 ~ 97 - 92 2 ... 
9 - 78 53 -9 4 1142 1979 63 18 316 29~ 12 12 81 126 -16 13 -77 - 92 -15 5 787 812 -39 

1.0' 162 213 -19 5 811 -778 49 19 31 -28 0 13 393 338 -24 6 634 628 7 
6 14 71 use I 7 I~ -98 -24 -13 2 11 L 7 479 47H 11 

13 L 7 118 -122 -2 2 5 L 15 322 3.0'8 8 8 ~27 387 u 
8 IH49 1930 18 16 59 -73 -2 B 116 14 13 9 439 439 -12 

B -56 -27 -4 9 58 81 -6 B 68 51 5 17 273 296 -12 1 422 429 1 1B 212 20'8 1 
1 296 392 -3 IS 651 667 -13 1 1236 1167 63 2 98 47 12 11 396 HU -5 
2 -5.0' -51 -5 11 77 -81 B 2 296 -279 18 2 8 L 3 262 254 4 12 -95 26 -19 
3 379 346 21 12 414 457 -32 3 1236 1176 53 4 77 -22 7 13 496 512 -I 1 
4 129 -157 -8 13 67 -78 -2 4 94 -32 19 B 732 659 5~ 5 37H 389 -13 14 -19'7 23 -13 
5 336 333 1 14 514 5.9'7 4 5 691 694 -3 1 177 -ISH I I 6 -113 - 7B -ZB 15 343 356 -12 
6 89 -115 -5 15 129 120' 2 6 198 -19B 6 2 562 519 33 7 419 416 1 16 -53 14 -3 
7 255 274 -9 16 326 337 -8 7 5.9'9 SBB' 12 3 31 4B B 9 138 -48 ZB 17 251 226 13 

17 76 35 5 8 66 35 ~ ~ 526 479 34 9 241 272 -16 18 3.9' -12 B 
14 L 18 245 233 5 9 6.9'1 653 -u 5 1.9'9 55 11 10' - 99 -82 -18 19 196 195 .0' 

19 159 - 96 17 1B 32 78 - 6 6 627 6.0'7 15 II 232 251 -8 
B 192 226 -13 11 578 597 -14 7 61 5 4 3 2 

2 3 L 12 52 -75 -3 8 523 53H -5 2 12 L 
2 B L 13 27H 3H6 -19 9 -35 - 81 -9 16 1436 1496 -53 

B 35~ 3165 66 14 25 2 1 1B 496 4.0'3 1 B 395 417 -16 1 1~9 132 1 ~ 
B 1788 1991 -112 1 415 40'6 13 15 188 215 -13 11 -97 62 -18 I 93 -16 9 2 ~86 533 -71 
2 256 -231 22 2 35 99 -21 16 -65 -15 - 5 12 268 318 -32 2 29JJ 384 - 8 3 414 -4.0'4 13 
4 676 -642 33 3 945 921 26 17 293 296 -1 13 -113 72 -22 3 15-1 - 81 20 4 1952 1.0'94 -45 
6 553 533 19 4 II 7 - 70' 25 18 -58 -25 -4 14 279 292 - 8 4 27.0' 288 -19 5 344 - 352 -lH 
9 851 9.02 38 5 1.0'54 1B32 22 15 -119 -47 -18 5 1 28 -II R 9 6 959 966 -7 

10 316 3 2 3 - 7 6 221iJ -157 51 2 6 L 16 188 213 -19 6 2S B 2 51 3 7 2 2 1 191 24 
12 674 697 -18 7 894 851 46 7 1.CT.0' -2 6 10 9 7 2 2 7 2 6 - 4 
l.t 644 633 7 8 - 83 -4 -15 B 1847 919 122 2 9 L 8 J I 2.0'5 - 41J 9 159 I .t7 5 



UJ 424 435 -8 4 171 -173 -1 2 385 344 27 9 161 179 -6 17 98 -9 1.0' 
11 2.0'7 -219 -5 5 539 535 5 3 124 - R3 II 1.0' 84 -69 2 .0' 914 928 -16 
12 43.0' 45 I -15 6 76 - 4.0' 11 4 443 391 35 1 134 143 -6 4 5 
13 2.0' - 16 .0' 7 435 439 - 3 5 79 - 40' 5 3 12 l 2 946 982 -48 
I 4 4.0'2 387 9 8 43 11.0' -14 6 49.0' 49.0' .0' 1 352 -399 -62 B 197 169 2.0' 
IS -1.0'.0' I I -13 9 691 73 4 -34 7 222 -235 -6 .0' 355 356 .0' 4 974 1.0'32 -63 1 982 974 8 
16 26.0' 249 6 1.0' 112 - 44 13 8 441 44.0' .0' I .0' -I 4 B 5 184 -147 26 2 127 -129 -1 
1 7 .0' - I 4 .0' 11 456 482 -18 9 46 -5 4 .0' 2 4.0'2 394 5 6 855 864 -1.0' 3 785 764 22 
18 223 2.0'8 6 I 2 -71 -3 4 - 7 1.0' 359 377 -14 3 123 -OS 9 7 447 446 1 4 56 -5 8 

13 244 281 -3.0' 11 1.0'5 42 12 4 273 30'f1 -14 8 5.0'3 54.0' -31 5 399 4.0'8 -7 
3 3 l 1 4 -16.0' - 2.0' -32 12 3.0'8 3.0'2 3 5 21 -67 -4 9 71 71 .0' 6 78 94 -5 

IS 275 2R7 -7 13 61 - 13 4 6 193 23.0' -15 1.0' 391 386 3 7 544 543 .0' 
.0' 265 28.0' -19 16 -92 - 2 8 -10' 14 256 262 -3 7 71 .0' 5 11 -1.0'1 -1 4 -13 8 67 77 -I 
1 449 5.0'8 -89 1 7 293 287 3 15 1.0'9 -92 3 8 188 2.0'1 -5 12 313 338 -14 9 535 572 -28 
2 257 249 9 13 - '11 28 -10' 1.0' - 48 -3.0' -4 
3 1.0'35 1.0'31 4 3 6 l 3 9 l 3 13 l 14 234 237 -I 11 313 336 -13 
4 179 -195 -14 15 -52 82 -11 12 -72 -4 - 9 
5 8.0'1 8 22 -23 B 852 834 19 B -69 -42 -7 B 1.0'9 69 7 16 234 2.0'6 13 13 278 264 8 
6 96 35 19 1 260 -29.0' -29 1 418 4.0'3 1.0' 1 277 273 1 17 -46 -6.0' -6 14 -118 -61 -22 
7 8.0'6 755 55 2 989 962 26 2 138 -9 2.0' 2 69 -7.0' .0' 15 278 282 -2 
8 42 35 1 3 16 95 -18 3 465 453 8 3 272 287 -7 A 3 l 16 95 -52 6 
9 638 691 -44 4 585 565 27 4 -74 19 -6 4 5.0' -114 -1.0' 

1.0' 323 -312 7 5 34 25 B 5 538 515 IS 5 257 262 -2 B 2.0'3 252 -53 A 6 
11 596 6.0'9 -9 6 652 652 .0' 6 124 - 71 11 1 782 795 -15 
12 211 -2.0'2 3 7 155 -158 -1 7 426 417 5 A B l 2 456 -44.0' 28 B 799 835 -48 
13 3.0'6 293 7 8 573 584 -8 8 157 -153 2 3 688 711 -38 1 76 29 12 
14 - L 31 5 -19 9 188 -182 3 9 2.0'6 223 -9 B A69 49.0' -21 4 - 55 -54 -15 2 767 7 2 9 41 
15 249 271 -13 1.0' 466 5.0'7 -29 1.0' -1"4 -2 9 -14 2 657 764 -1.0'7 5 838 863 -27 3 248 191 26 
16 -46 36 -4 11 -29 38 -2 11 233 252 -1.0' 4 954 1.0'4.0' -7.0' 6 184 193 -7 4 372 358 IB w I 7 2 71 253 9 12 244 274 -24 12 -58 .0' -3 6 941 946 -4 7 64.0' 696 -48 5 64 21 5 
18 - 86 -55 -11 13 -34 .0' -1 13 232 2 4.0' -4 8 578 583 -11 8 I 13 -93 5 6 382 371 8 ~ 

14 251 255 - 1 14 86 -78 I 1.0' 519 5 2 5 -4 9 5.0'8 546 -3.0' 7 21.0' -2JiJ4 2 
3 A l 15 -54 -58 -7 12 647 632 1.0' 1.0' 99 -153 -17 8 571 567 3 

16 284 287 -1 3 18 l I 4 425 43.0' - 4 11 452 428 I 6 9 2.0' -1 2 B 
.0' 868 927 -81 17 -31 -2 -1 16 19.0' 2.0'4 -6 I 2 1.0'8 -49 II 1.0' 343 378 -17 
1 138 1.0'7 19 B 495 453 27 18 158 163 -I 13 3.1'-4 JIB - 3 11 59 • 6 
2 1134 1131 3 3 7 l 1 -112 56 -17 I 4 123 85 1.0' 12 177 228 -21 
3 255 167 77 2 38.0' 355 14 4 1 l 15 297 261 21 13 115 -47 14 
4 533 534 -I B 334 -389 38 3 96 75 3 I 6 94 26 1.0' 14 239 26.0' -11 
5 I 16 107 5 1 866 789 58 4 A87 454 2.0' B 188 159 19 I 7 242 215 12 15 -21 -53 -3 
6 335 342 -8 2 2.0'2 -192 4 5 119 -76 I 4 1 925 996 -84 16 294 271 12 
7 175 178 -2 3 695 66.0' 28 6 432 424 6 2 193 -26.0' -713 A A l 
8 628 648 -17 4 85 -5 1.0' 7 53 - 77 -3 3 85.0' 886 -43 4 7 
9 78 -3 8 5 489 45.0' 28 8 262 275 -7 4 24.0' -2~2 17 8 1.0'49 1136 -92 

1.0' 589 631 -33 6 134 -99 1.0' 9 119 38 17 5 93.0' 942 -13 I -3.0' -77 -17 B 259 -287 28 
II 69 - 65 .0' 7 461 H8 -12 18 183 162 8 6 37 62 - 5 2 1.0'32 UJ48 -16 1 721 662 45 
12 489 5.0'6 -12 8 144 -156 -4 11 -57 -2.0' -4 7 748 733 16 1 235 -251 -15 2 138 -128 3 
I 3 1.0'8 -88 4 9 495 493 2 12 189 2.0'1 -4 8 Ul'2 36 13 4 56.0' 582 -27 3 583 568 II 
14 286 3.0'2 -11 18 97 6 11 9 417 415 I 5 -(,3 -3.0' -11 4 114 -114 8 
I 5 1.0'1 42 11 11 366 487 -43 3 11 l 1.0' 4 I 75 - 5 6 3B9 4.0'3 -1.0' 5 369 359 6 
16 322 3.0'7 9 12 77 74 .0' II 5.0'9 522 - 9 7 136 -7 5 I 8 6 124 -141 -5 
I 7 -7 3 -31 -7 13 26.0' 282 -13 B 13 19 8 12 -82 38 - 9 8 566 58.0' -I 1 7 35.0' 356 -3 
18 224 242 - 8 I 4 99 -18 12 1 283 29.0' -A 13 437 448 -7 9 -56 9 -4 8 238 -253 -6 

I 5 263 266 - 1 2 1.0'1 -17 12 14 127 1.0'8 7 18 631 652 -IS 9 H9 419 .0' 
3 5 l 16 -124 -73 -22 3 269 252 9 15 214 245 -16 II 88 -14 2 -14 1.0' -96 - II -17 

4 -37 - 42 -3 16 2B .0' .0' I 2 334 341 - 4 II 275 30'4 -19 
.0' 173 !56 12 3 9 l 5 395 4.0'5 -7 17 13.0' 168 -I L I 3 76 -7 7 12 69 34 4 
I 943 9.0'7 37 6 41 -3 .0' 8 18 -1.0'7 - 13 -II 14 291 3.0'3 -7 13 27.0' 237 I 8 
2 1.0'3 Ill -3 .0' 6.0'9 564 34 7 3.0'7 316 -5 I 5 3 6 5.0' - 1 14 - 89 -57 -12 
3 812 791 22 I 2 15 -246 -IS 8 45 -3 6 .0' 4 2 l 16 279 295 -8 IS 288 222 -5 



7 226 257 -15 3 416 -43.6 -17 3 737 697 31 8 4.62 398 3 2 771 828 -46 
4 8 L 8 - 34 - 2 6 -2 4 72.6 768 -46 4 53 -65 -I 9 55 48 8 4 915 989 - 81 

9 199 I B I 7 5 -49 80' -19 5 54.6 542 -I 18 389 298 12 6 514 534 -16 
s 679 62.6 43 6 68.6 6 3 7 -31 6 37 - 18 1 11 74 13 6 8 387 3 13 - 3 
I 41 -22 I 4 12 L 7 22 2 236 - 7 7 619 687 8 12 387 297 5 18 4 2 1 398 14 
2 569 551 12 8 688 65 2 -36 8 12 6 -9 6 7 13 - 52 - 66 -7 12 391 388 2 
3 187 12 8 21 s 328 336 - 4 9 94 - 67 5 9 581 491 6 I 4 22 8 2 16 2 
4 698 656 29 1 113 -29 13 18 46 2 441 14 1.0' - 89 - 19 -9 5 9 L 
5 169 -186 - 6 2 334 331 1 11 141 -188 18 11 317 311 4 6 1 L 
6 512 5 38 -12 3 - 48 - 62 -6 12 369 3 5 4 8 12 -115 - 62 -21 s 53 28 2 
7 188 -188 1 4 2 7 1 287 -8 13 94 7 1 5 13 23 4 2 46 - 6 I 3 7 6 366 6 s 23 95 -28 
8 454 434 13 5 12 1 - 36 14 14 274 264 6 I 4 94 - 61 6 2 128 93 8 1 618 656 -45 
9 39 - 44 8 6 237 25 3 -7 15 - 84 46 -11 15 263 2 6 1 I 3 582 487 9 2 83 -6 8 5 

18 254 275 -11 7 -161 I 8 -25 16 23 2 282 13 4 - 16 - 31 -2 3 898 9.1U - 15 
11 -113 - 7 - 15 5 6 L 5 49.6 477 1.6 4 288 -188 6 
12 242 264 - 11 4 13 L 5 3 L 6 128 -144 -5 5 461 491 - 24 
13 78 - 88 8 8 941 882 42 7 348 347 -5 6 97 - I 7 12 
14 253 236 8 s 92 23 8 s 91 -1.67 -7 1 - 76 14 -8 8 5 8 - 68 8 7 436 463 - 28 

1 292 265 14 1 761 8 2 4 -76 2 749 715 25 9 275 266 5 8 46 - 75 - 4 
4 9 L 2 - 58 - 187 -13 2 184 -183 8 3 176 138 18 18 86 21 7 9 4 28 483 11 

3 2 53 2 88 -13 3 773 754 21 4 368 355 3 11 388 287 7 18 -87 - 41 -18 
s -113 -68 -2.6 4 - 6 5 -2 6 -II 5 118 -113 8 11 434 441 - 6 
1 538 495 23 5 s L 5 789 811 - 2 4 6 483 469 9 5 1.6 L 12 - 75 2 1 - 7 
2 136 98 9 6 8 2 6 8 7 183 - 74 6 13 266 268 -1 
3 518 521 -7 8 18.68 1852 -34 7 545 568 -18 8 445 442 2 s 42.6 417 3 14 39 -28 1 
4 171 145 8 2 1874 1185 -83 8 -113 - 39 -18 9 - 46 - 36 -3 I 87 -39 7 15 156 182 -9 
5 669 643 17 4 971 983 - 8 9 377 388 - 2 18 246 2 78 -1·4 2 381 365 11 
6 78 - 52 3 6 758 775 -19 lB 163 -16 3 8 11 - 74 29 - 8 3 181 -181 8 6 2 
7 392 486 -11 8 34.6 339 s 11 386 373 7 12 111 147 -11 4 417 427 -7 
8 -3 1 - 85 -18 lB 438 462 -17 12 -52 42 -8 13 36 -~ 3 1 5 82 - 78 2 B 834 889 -63 ~ 
9 254 269 -8 12 489 482 4 13 195 219 -12 14 281 245 19 6 337 388 19 1 323 -388 I 5 ~ 

18 47 -18 2 1 4 419 482 12 14 71 186 - 7 7 - 84 - 62 -12 2 758 751 8 0) 

11 291 386 -8 16 149 176 - 9 15 238 196 28 5 7 L 8 195 223 -12 3 187 -213 -24 
12 - 98 - 58 - 1 1 16 - 15 17 B 9 - 15 - 28 -1 4 587 622 -3 9 
13 232 258 - 8 5 1 L 8 271 -287 33 18 217 2 2 5 -3 5 186 124 - 6 

5 4 L 1 766 736 22 6 588 593 -3 
4" 1.9' L s -22 53 -9 2 37 - 38 B 5 11 L 7 56 79 -4 

1 596 629 -44 s 1192 1225 -31 3 535 547 - 8 8 421 436 -18 
s 449 437 7 2 278 -286 - 17 1 86 -51 10' 4 187 61 9 B 126 -11.6 4 9 14.9' -128 3 
1 - 98 1 7 -1.6 3 965 1825 -65 2 1861 1845 15 5 468 447 14 1 299 387 -4 1.9' 397 364 19 
2 389 345 24 4 34 -22 1 3 -28 -58 - 7 6 53 -186 -9 2 182 -112 - 2 11 32 -71 -7 
3 48 - 19 3 5 919 916 -6 4 57 2 548 28 7 447 434 8 3 358 372 -9 12 355 339 11 
4 388 386 1 6 128 - 83 19 5 -17 - 5 8 8 37 9 I 4 89 -86 8 13 99 8 18 
5 - 44 - 89 -12 7 424 452 -23 6 534 548 -4 9 371 387 -12 5 358 342 4 14 296 228 - 9 
6 3 78 482 -23 8 118 6 17 7 -45 - 79 -18 1.9' 73 47 4 6 -48 -11 -2 15 46 - 12 2 
7 -1 2 9 -3 8 - 22 9 532 558 -13 8 733 729 9 11 224 247 -12 7 212 229 -7 
8 22 9 257 - 15 18 168 -138 11 9 164 -154 3 12 88 -25 7 8 98 -45 8 6 3 
9 - 74 9 -6 11 548 562 -16 1.0' 465 449 18 13 183 194 -4 

18 2 12 282 4 12 -118 -26 -16 11 138 -134 -1 14 83 -78 2 5 12 L B 54 -66 -3 
11 - 65 - 51 -7 13 432 4 2 3 6 12 289 279 6 1 1.9'85 974 29 

14 74 - 16 6 13 99 15 12 5 8 L 8 288 272 8 2 236 -238 -2 
4 11 L 15 279 221 26 14 188 258 -28 1 -115 -73 -19 3 793 798 2 

16 - 83 - 56 -11 15 -138 -2 -19 B 528 5.63 17 2 257 292 -I 7 4 49 19 2 
8 111 - 3 15 I 7 235 182 22 16 238 2 2 5 2 1 - 89 12 -9 3 64 - 81 -2 5 797 793 3 
1 2 25 228 2 2 617 573 31 4 248 269 -19 6 182 217 -16 
2 48 -7 3 - 4 5 2 L 5 5 L 3 -95 - 8 -18 5 - 55 -2 6 - 3 7 484 493 - 6 
3 3 5 3 3 46 4 4 589 578 13 8 132 -97 9 
4 13 7 -35 21 8 884 968 -99 s -38 18 -2 5 2 9 - 66 -3 6 B L 9 472 448 16 
5 35 9 3 7 8 -13 I 231 -248 - 9 1 936 984 38 6 6 2 4 681 15 18 131 - 73 13 
6 96 - 18 18 2 6 8 5 7 3 6 -64 2 - 9 3 - 8 -13 7 - 79 -3 9 - 13 8 584 57.6 12 II 2 9 2 2 72 13 



12 68 29 5 8 Ill -98 1 3 338 349 -6 8 221 -223 -1 q 134 54 18 2 31 -61 -2 
13 265 2 4 I 12 I 573 SHY 24 4 -65 -77 -I 0' I 612 619 -5 18 252 229 II 3 272 205 -7 
I 4 - 85 36 -1.0' 2 - 62 - 4 - 4 5 298 282 3 2 25 1 -;>56 -2 II 78 - 13 6 
I 5 I 39 I 77 - 12 3 4'l0' 481 6 6 -8'3 - 26 -8 3 5R6 r,a I 3 I Z 229 22 I 3 8 8 

4 95 -94 .0' 4 R4 74 I 
6 4 L 5 425 406 1? 6 12 L 5 5.-t9 5 38 7 7 7 L 8 487 4 I I -3 

6 75 -57 2 6 1"'2 9 12 2 6I6 615 8 
8 9.0'9 8R0' 35 7 476 46.U 12 8 269 ;:59 5 7 09 476 2 8 172 -149 7 4 353 31:13 -19 
I 153 -130 8 8 132 69 16 I 82 - 75 1 8 86 -7 0' 2 I 465 455 6 6 253 7.19 16 
2 758 735 II 9 350' 349 8 2 3.0'4 318 -3 9 339 320' I 7 2 J.fJ9 -55 10' 8 2HJ 2131 -7 
3 -II 7 6 -19 18 93 44 8 18 73 -33 5 3 351 3.-t-1 3 10' 284 275 5 
4 486 473 9 11 295 245 28 7 8 L 11 274 264 5 4 28 -79 -9 12 252 22 8 15 
5 163 89 24 12 15 -9 0 I 2 - 84 A4 -10' 5 4 2 1 390 23 
6 6.0'2 596 4 8 559 532 38 13 255 236 9 6 11.0' -43 13 8 
7 - 19 -61 -5 6 8 L 2 679 721 -35 1-1 -78 2 -6 7 338 322 10' 
8 575 564 7 4 698 70'3 -10' 8 39 l..t I 8 199 -175 6 
9 1.0'6 -I 16 -2 8 496 485 7 6 226 2 14 5 7 4 L 9 278 238 21 I 443 456 -9 

18 325 33.0' -4 I 75 35 4 8 242 265 -1 I 10' 8 I -3 9 5 2 26 8.0' -7 
II 86 - 2 4 9 2 473 466 4 18 384 381 2 8 647 639 6 II 2fJ5 193 4 3 SH 561 9 
12 249 221 15 3 55 -6 3 12 317 282 22 I 112 - 95 4 4 51 -II 3 
13 78 .0' 7 4 543 518 16 14 166 168 2 2 52.0' 49.0' 22 7 8 L 5 317 389 4 
I 4 235 215 9 5 138 -163 -II 3 -7 7 5 - 7 6 184 31 II 

6 3?.1 353 I 4 7 1 L 4 40'8 375 22 8 368 331 21 7 284 253 I 5 
6 5 L 7 123 -63 13 5 -43 - 4-1 - 4 I -73 27 -6 8 91 9 11 

8 266 237 15 8 61 38 6 6 525 493 21 2 46.0' 442 \8 9 30'5 295 6 
8 110' 19 16 9 47 28 1 I 513 519 -5 7 14.0' -1.0'3 9 3 -93 -69 -16 18 98 56 8 
I 6I9 689 7 18 217 225 -3 2 -99 -2 8 -16 8 372 3A I -8 .., 377 351 19 II 253 236 8 
2 76 -71 8 II 15.0' -19 24 3 463 476 - 9 9 I.U8 -7 4 . 8 5 126 -134 -7. 12 I 46 48 21 
3 474 448 25 4 98 14.0' -13 18 257 220' 28 6 317 275 26 13 I 75 132 13 
4 -32 -59 -5 6 9 L 5 461 486 -18 I I 7 I -22 5 7 51 -211 2 

..., 
5 432 427 3 G -81 -59 -13 I 2 165 162 I 8 113 I 7 4 -1 7 8 2 L l-..) 

6 -133 -34 -23 8 76 56 2 7 274 ZAG -6 I3 -22 8 8 9 188 3 II -.. 
7 511 485 18 I 369 355 13 8 76 - 5 7 UJ I G I I 4 I 5 8 583 680' -13 
8 126 -76 10' 2 132 65 21 9 348 344 2 7 5 L I 10'6 -65 8 
9 485 393 12 3 378 361 12 18 -43 - I 4 -2 7 9 L 2 489 4'l3 -3 

10' 8.0' -10'8 -6 4 91 -Ill -4 11 341 311 28 8 128 66 IS 3 - 94 .. -13 
II 243 255 -6 5 482 488 -· 12 - 14 39 ·· 2 1 445 443 I 8 44 36 8 4 3.0'1 292 5 
12 I 3 4 -63 I 7 6 109 -128 -5 13 195 169 10 2 42 -39 8 I 279 257 12 5 176 150' 9 
13 265 234 16 7 225 238 -2 14 -60 -13 - 4 3 363 338 IS 2 73 -7 4 8 6 289 288 8 
I 4 -22 -50 - 3 8 -94 -5 9 -14 4 -86 - 33 -9 3 353 346 4 7 68 -53 3 

9 238 288 18 7 2 L 5 341 346 -3 4 118 -121 0 8 396 309 -1 
6 6 L 18 187 -2 5 II 6 RS -29 7 5 252 274 -1 I 9 -108 -u -17 

.0' 453 481 -23 7 417 389 20 6 91; - 114 -4 18 259 232 1 4 
8 R65 811 38 6 1.0' L 1 159 -128 15 8 99 -122 - 6 7 190 189 0 11 106 31 12 
I - 45 18 - 2 2 563 SH -9 9 288 221 -6 8 -133 -3 8 -20 12 205 156 18 
2 476 441 25 8 315 281 21 3 "' -8 0 18 -67 -27 -6 
3 I 16 12 I 7 1 -55 - 91 -13 4 451 466 -II II 227 188 I 7 7 IJJ L 8 3 
.-t 386 383 I 2 319 348 -13 5 12 4 133 -2 12 - 65 -18 -4 
5 133 -87 11 3 70 -28 6 6 423 428 2 8 238 248 -5 8 221 -2.0'3 8 
6 589 482 12 4 3 28 319 5 7 -56 34 -5 7 6 L I 68 4 5 1 421 412 6 
7 163 -132 9 5 72 - 71 .0' 8 438 398 19 7. 3.P'4 276 IS 2 - 58 - 8 -3 
8 474 464 11 6 276 256 II 9 129 -73 12 8 632 615 12 3 !53 -53 L 4 3 372 367 3 
9 98 32 11 7 38 -54 -1 18 376 350' 19 1 75 -43 4 4 27 7 229 zs 4 63 51 I 

18 318 3.0'8 I 8 247 226 9 II -98 - IS - UY 2 372 367 3 5 10'5 -45 10' 5 384 35fl' 2fl' 
II Ill 39 13 12 232 2JJ7 II 3 -63 -58 -8 6 l.fJ6 I 78 -19 6 83 5 7 
12 1% 20'9 - 5 6 11 L 13 136 51 19 4 301 345 21 7 749 264 -1 I 
I 3 - 51 - 58 -6 14 286 160 I 7 5 192 -154 12 7 I 1 L 8 - 49 - 86 - 12 

0 I 4 -54 -3 6 377 35" 26 9 258 21 I 25 
6 7 L I 287 272 8 7 3 L 7 59 - GJ fJ 0' -55 -50 -6 10' 75 -29 5 

2 I 4 I -I 4 7 -I 8 367 3(;5 I I 27 1 2 46 1 2 II 216 I 9 I lfl' 



12 -38 8 -1 8 8 L fir Ul Ufir fir 4 228 215 6 fir 418 414 2 2 119 -88 7 
1 168 -191 -9 5 89 -24 8 1 93 2 14 3 181 221 -14 

8 4 L fir 374 U2 -2fir 2 459 436 14 6 256 191 38 2 346 33fir 11 4 99 -26 9 
1 -55 -36 -5 3 114 75 8 7 -88 -16 -8 3 -184 15 -14 

fir 446 45fir -3 2 378 378 8 4 328 311 9 8 193 165 9 4 279 245 19 I fir 8 
1 -98 -71 -16 3 84 -141 -14 5 43 -I 7 2 5 103 -46 18 
2 363 341 13 4 275 382 -15 6 299 293 3 9 7 L 6 219 197 9 8 16B 197 -13 
3 74 23 5 5 137 -94 II 7 112 -87 6 7 liB -62 9 1 95 -52 6 
4 372 354 UJ 6 214 213 fir 8 227 241 -6 B -85 71 -IS 8 274 226 23 2 2B1 216 -6 
5 91 -I 7 8 7 8fir -22 6 9 7B -21 5 1 194 225 -14 9 74 -27 5 
6 4BI 375 25 8 143 131 3 18 2B2 186 6 2 32 21 B 11 B 
7 97 -51 9 II -31 13 -1 3 198 21B -5 u 3 L 
8 298 288 6 8 9 L 4 42 -42 B fir 327 3B8 12 
9 138 -96 11 9 3 L 5 188 285 -6 fir -1B2 -27 -18 2 185 198 -5 

18 158 132 8 B 77 -12 6 6 -41 36 -3 I 346 334 9 4 135 121 4 
II 43 IB I I 317 3B2 9 fir 97 -12fir -5 7 188 153 12 2 123 48 16 6 177 182 -1 
12 198 136 21 2 92 -47 7 1 282 295 -7 3 332 317 10' 

3 318 3B9 5 2 116 -9B 5 9 8 l 4 95 8 II 11 
8 5 L 4 154 -135 5 3 326 314 6 5 282 252 16 

5 245 227 8 4 78 39 8 B 279 284 -3 6 135 -65 15 fir 88 -16 9 
fir 83 89 -1 6 184 -89 3 5 241 246 -3 I 61 -33 3 7 245 199 2B 1 314 3B5 5 
1 258 272 -7 6 -37 -21 -2 2 3B8 294 3 8 163 -31 28 2 35 56 -2 
2 88 IB 9 8 !fir L 7 242 216 12 3 -61 -55 -7 3 22B 21B 4 
3 249 216 15 8 59 -41 2 4 287 265 11 1fir 4 l 4 116 13 15 
4 -21 -2 fir fir 223 218 2 9 176 153 8 5 188 -57 7 5 167 156 3 
5 4B6 376 28 1 155 -46 24 1B 79 3 6 B 364 355 7 6 35 -27 fir 
6 -182 -71 -19 2 264 251 6 9 9 L 1 24 7 fir 
7 267 274 -4 3 95 -31 8 9 4 L 2 279 275 2 11 2 
8 41 -71 -3 4 281 196 2 fir -4fir -6 -1 3 187 -9 14 
9 15B 188 -18 fir 365 375 -6 1 289 27fir 9 4 289 3B3 -8 B 383 384 B w 

18 -75 -28 -7 8 11 l 1 99 -48 8 2 121 -92 6 5 -51 -7B -8 1 71 I 7 5 ~ 11 282 174 18 2 335 319 9 3 273 268 2 6 238 221 8 2 314 312 I 
fir -112 -58 -15 3 58 -13 5 7 133 -45 16 3 12B 75 9 

8 6 L 4 311 288 IS 9 1fir L 8 1(;6 129 lB 4 2B7 199 3 
9 fir L 5 -148 -22 -27 5 -122 18 -15 

fir 3firl 295 2 6 282 385 -13 fir 251 199 23 1fir 5 L 6 218 178 11 
I -58 1 -3 fir 443 454 -8 7 125 -71 12 
2 134 156 -6 2 397 368 18 8 162 167 -I u fir L B -77 -9 -7 11 3 
3 71 -56 3 4 325 328 2 9 -26 8 8 I 199 223 -11 
4 268 233 21 6 198 188 5 18 182 183 8 fir 265 255 5 2 -43 -25 -3 fir fir 7 fir 
5 121 -111 2 8 228 235 -3 2 363 354 7 3 279 26fir 1B 1 23fir 255 -12 
6 326 3B9 !fir 1fir 387 252 29 9 5 L 4 198 178 8 4 118 -69 8 2 -29 47 -3 
7 36 -16 1 6 188 182 B 5 326 294 18 3 271 249 11 
8 234 227 3 9 1 l 8 134 -19 18 8 236 229 3 6 76 -59 2 4 5B -I 2 
9 -187 -2 -12 1 298 258 2B 7 2~2 185 14 5 275 225 24 

18 193 169 8 fir 1lfir -125 -4 2 77 -72 I 18 1 L 6 92 -19 8 
1 SBS 539 -24 3 247 274 -15 !fir 6 L 

8 7 l 2 63 5 4 4 -81 -66 -13 fir 182 -164 6 11 4 
3 389 38fir 5 5 328 3.0'6 8 I 383 328 -8 B 286 286 fir 

fir 137 -72 14 4 -55 4B -s 6 125 -78 11 2 -51 -16 -4 I -126 -45 -2B fir 214 189 II 
I 269 259 7 5 384 294 8 7 241 228 lB 3 232 243 -5 2 291 288 6 1 -83 B -7 
2 46 -75 -4 6 77 -18 7 8 1B2 -49 9 4 87 1 9 3 qlJ -23 8 2 262 218 22 
3 314 289 16 7 254 26B -3 9 178 154 8 5 185 216 -14 4 281 255 13 3 -71 -37 -7 
4 118 -112 8 8 -38 -28 -2 6 -66 -37 -6 5 1.07 -4 1 18 4 248 221 12 
5 284 295 -6 9 293 258 22 9 6 L 7 288 2.0'5 I 6 20'5 222 -6 5 -5.0' -44 -4 
6 53 -4 I 1 18 8.0' 45 5 8 -105 -19 -12 
7 228 237 -4 1 1 1 71 17.0' 8 B 265 286 -12 9 198 19.0' 3 18 " 7 L 11 5 
8 -94 I 7 -1.0' I 57 8 4 
9 2.0'6 167 14 9 2 L 2 115 163 -15 18 2 L fir 78 -32 5 fir 139 -4 23 

3 111 -43 13 I 279 265 7 I 20'8 142 24 



2 -UJ4 -21 -12 3 55 -35 1 fJ 235 212 1/J 
3 242 286 15 2 289 178 II 12 2 L fJ -84 -34 -8 12 5 
4 14/J -21 2/J 11 7 L 1 2 20 175 17 

12 1 L fJ 257 231 12 2 9 2 - 36 7 fJ -57 -35 -4 
11 6 L B u -5/J fJ 1 34 - 34 8 

1 162 194 -1 fJ B 76 46 4 2 289 181 18 12 
B 152 191 -13 1 269 211 28 3 l'2 fJ B 
1 - 49 -19 -2 12 B L 2 15 49 -2 B 114 !54 - 18 
2 152 191 -12 3 184 145 - 9 12 3 L I -I 86 4 -1 1 

~ 

~ 
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Substrate OrlanotMtallic C'lwmistr) of Osmium 
T•traoxide: Formation of a No••l Ty,. of Carbon 
DioxicA. Coordination 

Jay D. Audett , Terrence J . Collins,• Bernard D. Santarsiero.' 
and George H. Spies 

Contribution 1\'o. 6695 from the 
DiL'ision of Clttmistr) and Clttmical Enginttring 

California lnstitult of Ttcltnology 
fQSadtfla , Califorftia 91125 

Rtuit•td August J 2. /982 

As part of our Jenera! interest in the chemistry available to 
oxidizing compounds we have begun to invest igate the principal 
interactiom available to a5mium tetraoxide and related molecules 
with classical organometallic entities such as Vaska's complex. 
trans-lrCI(C0)(PPh 3h. In this communication we report on the 
result of the oxidative-addition reaction of osmium tetraoxide to 
Vuk.a 's complex in the presence of pyridine bases. a reaction that 
yields a dinuclcar carbon dioxide adduct . This result provide~ 
a first ahmp5C at the ~bstrate orpnomeullic chemistry of osmium 
tetraoxide . A new type of carbon dioxide coordination has been 
discovered here.1 

When I cquiv of Vask.a 's complex is added to 05mium tctraoxide 
in toluene at - 78 •c and the mixture is allowed to warm to room 
temperature. I Jrad~al color change from yellow tO orange-brown 
CKXurs . A brown powder can be isolated by precipitation with 
bexanes. and oranse-brown cry5tals of the air stable compound 
I (see Scheme I) form upon recrystallization from dichloro
methane-rm-butylpyridine-di·lt-butyl ether. Compound I react~ 
readily at room temperature with ttrl·butyl i50Cyanide in d•· 
chloromethane to Jive the air·5table olive-Jrccn dinuclcar salt. 
II. in hi&h yield . We assume the coordination environment at 
iridium in II is as depicted in the 5Cheme since treatment of II 

(I) 1\ofyron A. BantrcllllCICirc:h FeiJo- . 1911-1983, the California ln
ltitutt of Tcc:hnoloay 

(2) Structurall) c:haracteriud carbon dio1.ick complua inc:ludc "'11( .,2• 

C02)(PCy1) : (Arata, M.; Nobile. C. F.; Albano. V G.; Forni. E.: Marwaero. 
1\of . J. Cltrm . Soc ., Cltrm Commam. 1975. 636 Arata . M.: Nobile. C F. J . 
Cltrm. Soc .. DG/10#1 T'oN tm. 701 ). [Co(pr-salcn)I((,.. -C01)(THf)j, 
(fachiiiC'Iti, G .. Flonan a. C.; bnuzi. P. F. J. Am Clwm Soc . 1971. /OJ . 74 ). 
I(Pil1P))N)(H0.1(C0),0.01CCA.tC0 )11 j (Guy, J . J .; Sbeldru:t . G. M AWl 
C'yllollorr .. Su1 J 19'71. 834 , 1711). and Nb( ,. ~. c ~ H.Mc lr 
(CH,S1Mt1)( 11 1-C02) (lrislow, G S.; H11chc:oc:k , P. 8 .: Lappen. M. F. J . 
Cltrm Soc ., Cltrm . C-.m1111 1911. 1145. 

0002-7863/ 82/IS04·73S2SOI.2S/O e 1982 American Chemical Societ) 
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Schem~ I 
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II 
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I 
()Me 

II 
l:: triph~nylphosphine 
l ' = •-rnt-butylpyridine 
R = ttrt·butyl 

Ill 

0 Jsobted a.nd c~racterized u the perchlorate salt. 

Flprt J. Molecular structure of the dication f(PPhl)z(r-BuNC)(-4-r
Bupy)lr(,.-O)(,.-C(OMc:)O)~(O)z(-4-r-Bupyl1)l+ . 

with methyl trifluoromethancsulfonate in dry benzene yields a 
brown precipitate which. after perchlorate acbaJiae, affords brown 
crystals of the air-stable c:arbcne-cont.aining compound IJJ.l An 
X-ra) crystal structure analysis of JIJ is consistent with meth· 
ylation proceeding at the exoc:yc:Jic oxygen atom of the bridging 
carbon dioxide moiety (see Fiaure I ).• Tbc ()..methyl and 
nonmethylated oxygen atoms of the carbene lipnd are c:U, and 
NMR evidence (-70 to 40 •q sugests either tbe presence of 
only one of the two possible c:arbene isomen in IOiution or free 

(3} EJcmau.al anal~s data all aolvata qu.antirted by NMR. Calc:d for 
1·1/,lu 20 . C. 53.97 , H. S.IO; N. 2.13. Found: C. S.C. IS; H. 5.29; N, 2.10. 
C.alcd for II·H 10 : C. 51.63 . H 5.02 : N, 3 49. Found : C. 51.49; H. 4.95: N, 
3.53 C.alc:lll for Ill · 1.2SHP (0 25. CH,Cl2) : C, 41 .34; H. 4.15; N, 3.21. 
Found C. 41.33. H . 4.81. N. 3.21. 

(4} Crystal data . •c:e aroup l'l. • • 21.20 (2) A., b • 12.100 (5} A.. r 
• IH70 (16} A... a • IS .71 (9)" . ~ • 94 .04 (9) 0

,-, • 94 .41 (9}". V • 3196 
A.3, Z • 2. Data were collected on a locaUy IDOdir..S S)'11tn Pl , diiTrac
IOinetcr with araplutc monochrOfllltor and Mo K4r racl11t10n (~ 0.71069 .J.} 
lO 2f • 48° (+bt•f}. Tbc aYCraled data (10222} were CIOIT'K\ed for 
Lorentz and polarization eiTecu . Tbc 0. and Jr alOin paaitionl were dcri...c! 
from the Pat tenon 1111p. and aubaequent Fowicr -PI nc¥aJed lht rcmainina 
-hydrlJICil atoms Leut-aqu.arw ncftnemenl o/aa.omic OIICinbllllel and''· 
lftinimizin~ I:w[F/- (F,/t}1jl witb wciJhu"' • [r(FI) + (0.02 )( -n 
_,nu}1 j · pvc R, • I:IIF.I -11'.11/I:IF.I • 0 .13 (9268 n:l'llctiona witb F 2 

> 0) Introduction of hydrosen atOIIIl from diiTcn:n« -PI witb I • S 1.1 

and rdincment of all eonbydrosen 1101n1 witb aaiaotropic G111aai.an ampl i
blda raulted in R, • 0.016 and GOF • 1.66 (/t1 • 0.055 for tile 6347 
rcf'lectioru w1th F/ > 3~1'2 ) . 
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Tabk L 11 P and nc NNR Data• (6) 

oompd 11 P ,b 6 

1 -J•.o 
u -18.2 
111 -19.2 

18'7.2 
207.5 
221.1 

7.0 
8.8 
8.8 

• JEOL FX 90Q, eolvent CDC!, . • Relative to external standard 
H,PO •. e Relative to internal standard Ne.Si. "Obtained from 
nc and II p IJ)CctJI. 

Tabk II. Relevant Infrared Data (cnf 1 ) 

compd 111C=O "c-o 111010 iiiJoi ;;:-c 

I 1593 1022 820 
I- 11C 1560 1010 120 
•-••o 1592 1010 780 
II 1583 tl 823 2180 
II-11C 1555 tl 823 2180 
IJ. IIQ 1583 tl 785 2180 

compd CO,Me 610eo, "'N=c 
lJ1 1255 8-40 2200 
lJJ -.,0 1230 840 2200 
111 · 11 0 1255 BOO 2200 

• Ob5Cured by ao.- bands. 

rotation about the Cl-oS bond occurring in solution . 
The formulation of compounds I and II as dinuc:lc:ar bridging 

carbon dioxide complexes follows from the X-ray analysi~ or I II 
and i5 additionally 5Upported by the appropriate 1H, 31P. and '3C 
NMR spectra and by IR experiments with ll(. and 1'0-labeled 
materials (see Tables I and II) . Label enrichment was based on 
tbe use of trGras-lrCJ('lCO)(PPh 3h (99~ enriched) and Os 110 4 

(18% enriched), and the IR bands corresponding to the bridging 
C02 ligand have been identified by the isotopicall) induced band 
ahifts . Tbe r(C-<>) band for I at I 593 c:m-1 shifts to 1560 cm-1 

upon uc sub5titution. A similar shift is observed for II. A band 
at 1022 cm· 1 in I shifts to 1010 upon llC or 110 substitut ion. 
confirming tbat the bridging carbon dioxide ligand is constructed 
from the iridium carbonyl lipnd and the oxo ligand from 05mium 
tetraolide . The coordination at the osmium center is also well 
characterized from the IR sp«tral data . The very strong 
trans·Os"02 asymmetric stretching band can be identified at 820. 
123, and 8«> c:m·1 for axnpounds 1-IJl, respective!) . These bands 
fall in tbe expected rqion' and bave been confirmed by isotopic 
aubstitution . 

Tbe 11(: and lip NMR spectra provide Mdcncc for the prescn~ 
of equivalent phosphine ligands in each compound . The l lC. 

enriched carbon dioxide sianal in I is a triplet at b 18'7 .2 e J ''c -' 'P 
• 1.0 Hz), which shifts to b 207.2 in II and b 221 in JJI .6 The 
1H NMR spectra of compounds J and II exhibit considerable 
temperature dependence. Our evidence suuests this feature is 
due to lability of the trrt-butylpyridine lipnds on osmium (V I) 
but not to lability at tbe iridium center. We will describe th is 
chemical property more fully at a later date . 

The X-ray CT)'Ital structure of JJI shows the expected existen~ 
of multiple bonding between the c:arbene carbon atom and the 
CDygen hetero atoms. It is interesting to note that the Cl-o4 
band length [ 1.338 ( 16) A) is qnificantly shorter than the C J-o5 
band length (1.418 (16) .J.] suagestin& that the C02Me unit might 
also be described as a bridaing ester ligand . 

Adw '*......._ We acknowledae the donors or the Petroleum 
Racarch Fund, administered by the American Chemical Society. 
the Research Corp., the Atlantic Richfield Corp. of America . and 
Occidental Research Inc. for 5upport of tbi• ruearch . 

S 55' tal') Mat.erial A..a.llle: Listings of fractiona l atom ic 
ooordinates, Gaussian amplitudes, bond distances and angles. and 
ltrUcture factor amplitudes (62 ~ges) . Ordering information is 
Jiven on any current masthead page . 

(5) Scllr6der, M. Clw"' ltrr . 1910. 80. 187. 
(6) The 'lC NMR aianal for the CO: haand in Nb\ '! ' ·C1H,Mc )· 

(CH,SiMcl}(.,1-C02} occurs 11 6 200.5.2 



233 

Complexation of Secondary Amides to Chromium(m): the X-Ray 
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Complexation of Secondary Amides to Chromium(m): the X-Ray 
Structure of a Molecule with Two Modes of Monodentate Organic 
Amide Co-ordination 
Terrence J. Collins,• Bernerd D. Sentersiero, end George H. Spies 
Arthur Amos Noyes hbor~tory of Chemic•! Physics, Califomillnstitute of Technology, Pu1dena, 
C•lifomi• 91 7 25, U.S.A. 

The X-ray crystal structure of the dimer [Cr{H(chba-Et)}(pyhh·2py [H.(chba-Et) - 1 ,2-bis(3,5-dichloro-
2-hydroxybenzamido)ethane, py - pyridine] establishes, for the first time, the existence of N-co-ordination of 
an organic amide to Cr1". the N-atom and carbonyl 0-atom of two separate amide groups being co-ordinated 
to each Cr111 centre [Cr-N 2.030(6) and Cr-0 1 .976(5) A]; the potentially tetra-anionic chelating ligand leads 
to a variety of co-ordination modes. 

The co-ordination chemistry of orpnic amides is an important 
part of a number of current chemical problems.1-• Of con
siderable interest is the lowmna of reduction potentials or 
metal couples, i.~ .• stabilization of hiah oxidation states, that 
accompanies N-<:o-ordination of the orpnic amide Jipnd.1-• 
Our interest in the stabilization of hiah-valent transition 
metal complexes has led to an exploration of the co-ordina
tion chemistry of a new ligand, 1,2-bis(3,S-dichloro-2-
hydroxybenzamido)ethanc [fi.(chba-Et)] (I) (FiJUre 1), 
with a number of metals . The Jipnd {I) has been designed to 
be reasonably resistant to oxidation, to form five- and six· 
membered chelate rinas upon co-ordination, to be easily 
synthesized and derivatized, and to contAin the organic amide 
liptina functional IJ'Oup. It is well ~iz.ed that co-ordin
ation of the orp.nic amide IJ'OUP can occur throuah the 
nitrogen atom. the oxy,en atom, or both.'·'-' We report 
here the crystal structure of an unusual ch.romium{m) dimer 
in which both possible types of co-ordination are found . This 
is the first structural example of the nitroaen atom from an 
organic amide being co-ordinated to a Crill metal centre. • 

Chromium trichloride hexahydrate (0.3 &) was added to 
pyridine (SO ml) and the mixture was heated under reftux 
until dissolution was complete. 1 equiv. of (1) was added to 
the boilina ch.romium-py (py ""' pyridine) solution, and after 
2 min anhydrous sodium carbonate (S I) was introduced. 
The mixture was stirred for 2 min and then filtered. Green 
crystals and a Jarae amount of an amorphous IJ'een solid 
formed on Jeavina the filtrate in a sealed bottle for several 
weeks. t A rou&hJy cubic crystal, edae lenath ca. 0.2S mm, was 
chosen for the X-ray study ; oscillation photoaraphs showed 
a small twin component, but other crystals of suitable size 
were arossly twinned. 

Crystal data : C.H.,O,Cr1N 1,01, M - 14-48.75, mono
clinic, space aroup ~/c, a - 14.343(4), b - 14.2.25(3), 
c- 16.447(8)A, fJ- t04.28(3t, u- 32.S2(2)A•, z- 2, 

% 1\ Ito 
C-NH HN-C 

c•-Q--oH HoAc, 
a c(=l 

(1) 

,....., 1. Tbc lipnd H.(chba·Et), (1). 

t Important i.r. spectral data (Nujol, cm-1): 3210 (br., w, 
'<'(N-H) }, 160~ (s, sh), 1'95 (s, sh), 1580 (&h), 1$72 (w, lh), 
1550 (br., m), and 150~ (br., s) (spectra identical for both 
crystalline and amorphous material). 

De- 1.48icm- •, I' ... 7.4cm-1 ; data (+lt, ±. k.::r:/) were 
collected on a locally modified Syntex P21 diffractometer 
with Mo-K2 radiation (A = 0.71069 A> up to 28 = 45°; a 
total of 8370 intensity measurements were made with 9-19 
scans. The three standard reftections, remeasured after each 
block of 97 reflections. indicated a S% linear decay over the 
exposure time of 206 h. The data were corrected for decom
position, but not for absorption; averaaing gave 4279 reflec
tions, 368S with I > 0 and 2031 with I > 30'(/). 

The positions of the chromium atoms were derived from 
a Patterson map, and the subsequent Fourier and difference 
Fourier maps indicated the locations of the remaining non
hydroaen atoms ; the hydroaen atoms were placed in calcu
lated positions and were not refined . The final cycle of 
refinement pve a aoodness-of-tit of 1.38 and R = 0.122 
(R.., ""' 0.055).t 

The structure consists of discrete dimers and disordered 
solvent molecules of pyridine. FiJUre 2 aives bond distances 
about the Cr centres, which are related by a centre of 
symmetry. The distorted octahedral environment includes the 
pyridine nitroaen atoms, an amide nitroaen atom, the phenol ic 
oxyaen atoms, and an amide-carbonyl oxytzen atom ; the 
co-ordinated pyridine Jipnds are cis and the phenolic oxygen 
atoms are trans. 

The carbonyl C-0 bond len~ths are equal for both co
ordinated and unco-ordinated amide carbonyls 1.278(9) v.r. 
1.270(9) A. The Cr-Namtck bond length is 2 03{)(6) A, and 
the two Cr-OpbeDol bond lengths are 1.915(5) and 1.931 (5) A. 
cf, [Cr{N,N '-ethylencbis(salicylideneaminato)}(H10)JCI : Cr
N 2.005(9) and 1.997(8) A, Cr-0 1.91 6(8) and 1.952(8) A.• The 
Cr-OcarboDyl bond lenath is 1.976(S) A, cf, 1.91{2) A found 
in mrr-trichloro-(N,N-dimethylformamide)( I, I 0-phenanthro
line)ch.romium(m)." The Cr- Npy bond len~ths [2.145(6) A, 
trellis-to-N and 2.097(6) A, trans-to-O] indicate a greater 
trans-influence of the N-<:o-ordinated vs. the 0-co-ordinated 
amido l.ipnd. Tbc Cr-Cr distance in the dimer is 8.9 A . 

t The CRYM computinJ system was used (D. J. Duchamp, 
California lnstuute of Technoloay). Lcast-~uares refinement 
minimized :tw~• with wei&hts w - {[cr(F'))' + (0.02 x scan 
counts)•)-1 and .o1 - F: - (Fe/ k)1• Tbe aoodness-of-fit is 
[l:w6'/(11·p))'/1 , R- I:.IFo- I(Fc/k)II/I:.Fo (for reftections with 
I >0) and R,., - R [for reftections with I> 3o(/) ). The atomic 
co-ordinates from this work are available upon request from the 
Director of the Cambrid,e CrystalloJI'aphic Data ~ntre, 
Univel"5ity Chemical Laboratory, Lensfield Road, Cambridae 
CB2 1 EW. Any request should be accompanied by the fwl 
literature citation for this communication. 

Tbe structun: factor table is available as Supplementary Pub
lication No. SUP 23676 (26 pp.) from the Sr:tish Library 
Landin& Division. For details of how to obtain this material, 
lee Instructions to Authors, J. C~m. Soc., DaJro11 Traf&S ., 1983, 
laue 3. 
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Flprt l. Molecular structure of [Cr {H(chba-Et) }(py).J.·2py. 

The ambidentate behaviour of the organic amide functional 
rroup is eviden t, showing that two types of monodentate 
co-ord ination to Cr111 are possible, at least where the amide 
is part of a che lating system. In structural investigat ions with 
metals other tha n Cr. (1) has been found to co-ordinate 
through the two phenolic oxygen atoms and the two amide 
nitrogen atoms tal l to one metal centre) . The strong i.r . band 
at 1505 cm - 1 found for the t itle dimer is not observed m the 
i.r. spectra of these latte r complexes, which exhib it no i.r . 
bands in the 1500-1520 cm - 1 region . 

We thank the Donors of the Petroleum Research Fund, 
administered b>· the American Chemical Society, the Research 
Corporation, and the National Science Foundat ion for 
support of this work . B.D .S. acknowledges support from the 
California Institute of Technology as a Myron A. Bantrell 
Fellow in Chemistry, 1981-1983 . 
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Complexation of a Tetradentate Tetra-anionic Ligand to Osmium(lv): a Step Towards 
the Development of Multianionic Chelating Ligands for Use in Stabilizing Oxidizing 
Inorganic Complexes 
Judith A. Christie, Terrence J . Collins,• Terry E. Krafft. Bernard D. Santarsiero, and George H. Spies 
Arthur Amos Noyes Laboratory of Chemical Physics, The California Institute of Technology, Pasadena. California 
91125, U.S.A. 

The compound 1 .2-bis(3,5-dichloro-2-hydroxybenzamido)ethane [H4(chba-Et)] (1) readily co-ordinates to osmium(vt) 
as a tetradentate tetra-anion; the X-ray crystal structure of the reduced complex, K2[ { 0s(T)4-chba-EtHOPPh 3 ) }z-0] 
(3), demonstrates that this ligand can bind as a tetradentate tetra-anion to the equatorial sites of a single octahedral 
metal centre and the potassium ion is found in two unusual co-ordination envir011111ents in complex (3) . 

The variety of useful inorganic oxidizing agents presently 
available is limited by the lack of suitable ligands which can 
form stable highly oxidizing metal complexes . We are 
interested in exploring new reactivity in oxidation chemistry 
and our approach has been to design multianionic chelatmg 
ligands to generate new highly oxidizing inorganic complexes . 
The co-ordination chemistrv of 1.:!-bis(3.5-dtchloro-2-
hydroxybenzamido)ethane [H~(chba-Et)] . (1) (see Scheme 
1 ). has been investigated as a test case in our work . The ligand 
( 1) has been designed to be reasonably resistant to oxidation. 
to form five- and six-membered chelate rings upon co
ordination . to be easilv svnthesized and derivatized . and to 
contain the organic amide-functional group which is known to 
stabilize high oxidation states when N-co-ordinated . 1 

We have recently shownl that it is possible to co-ordinate 
(1) as a briaging ligand between two chromium(m) centres in 
which both types of monodentate organic amide co-ordination 
were found . In this paper we report that it is also possible to 
co-ordinate (I) as a tetradentate tetra-amon to a single metal 
centre. an important preliminary objective . 

Treatment of a colourless acetone solution of (I) with a blue 
solution of K2[0s02(0H).j dissolved in methanol results in a 
colour change to orange . Removal of solvents in vacuo 
followed by recrystallization of the residue from ethanol
diethyl ether affords a quantitative yield of the orange 
microcrystalline salt K2[0s0~(TJ•·chba-Et)] (l) .t This octa
hedral rrai'I.S-dioxo osmium(vt) complex is diamagnetic as 
expected .3 Reduction of this compound with triphenylphos
phine (2 .5 mol per mol of osmium) in tetrahydrofuran 
followed by addition of CH1CI 2 resulted on one occasion in the 
deposition of dark crystals of the ~o~-oxo bridged osmium(tv) 
dinuclear spec:~s . K2[ { Os(TJ~·chba-Et)(0PPh 3 ) b-·0] (3) . 
.vhich has been characterized by an X-ray crystal structure 
determination . 

Crystal data for (3) : ~H.t,Cl8K~N40 1 ~0s~P2 · 312 
C3H60 · H~O. M • 2004 .45 . monoclinic. space group P2 11c. 
cz = 18.72(1). b = 15.290<9). c"" 28 .24(2) A. ~ = 
107.49(5t. U = 7709(9) A-'. Z = 4. De = 1.727(2) g cm-3, 
1-l• 3.98 mm- 1;data(+h. +k. ±/)werecollectedonalocally 
modified Syntex f"2 1 diffractometer with Mo-K0 radiation 
(1. = 0.7107 A) up to 28 = 36°: a total of 6065 intensity 
measurements were made with 6° min-t 8-28 scans . The 
three standard reflections. remeasured after each block of 97 
reflections. indicated a 16% linear decay . The data were 
corrected for decomposition . but not for absorption : a"erag
ing gave 5331 reflections . 4900 with I> 0 and 3411 with 
I > 3ol/) . 

t Satisfactory elemental analyses were obtamed . l.r . (v . em · ') 820s 
(0s'~0:) . 7!18s {0s '"':) . ' H ~ . m r. (CD,COCD,) b 8.21 [d . 2 H . 
•J(H-H l3 Hz] and 7.27 [d . 2 H . J}(H-Hl.~ Hz] (aromatic C-H) . 3.88 
(s . .$ Hl 1 ~-CH~C'H:-N l. 

[ 

0~ ~ ~0 
0 C-NH HN-C 

HO, II .. OH 
K2 ··os· J + Cl.....ffi...__OH HO~CI 

HO'"II"-oH ~ ";=/ 
0 Cl Cl 

(2) 

!"·II I 

(3) 

Sdwnw I. i. Acetone· MeOH : ii. Ph,P . heat: iii . acetone
tetrah!idrofuran-0~. 

The positions of the osmium atoms were derived from a 
Patterson map . and the subsequent Fourier and difference 
Fourier maps indicated the locations of the remaining 
non-hydrogen atoms: the hydrogen atoms were placed at 
calculated positions and were not refined . The Gaussian 
amphtudes of the ~o~-oxo and H-atom co-ordinates ( U = 0.035 
and 0 .063 Al) and the population of the unco-ordinated 
acetone molecule (set to 0.5) were not refined either. The final 
cycle of refinement gave a goodness-cf·flt of 2.03 and 
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Fi(urf I. Schematic representation of K2[ {0s(11~-chba-Et)(OPPh 3 )b-O] (3). aiving bond length~ (A) and angles (") . 
0(3rP(l~(av . ) 110•. C-P(l}-C(av .) 108' . 

R = 0.111 (R30 = 0.076);+ the number of parameters was 
503 . Figure 1 gives the average (over the four sets of 
chemically equivalent) bond lengths and angles for the dianion 
of the molecule . 

This structure exhibits the first examples of bonds between • 
Os"' and anN-co-ordinated organic amide ligand. a phenox
ide ligand. and a phosphine oxide ligand ; related structural 
studies have been performed .' This study also reveals unusual 
co-ordination environments for the potassium ions . One 
potassium ion. centred in a square pyramid. is well within 
bonding distance for the four phenolic oxygen atoms [K .. _ 
O(phenol) av. -= 2.87 A] and one acetone solvate molecule 
(K•-O(acetone) = 2.80 A]: this potassium ion is further 
co-ordinated to the Jl·Oxo ligand [K .. -O(oxo) "" 3.16 A]. The 
second potassium ion is apparently four co-ordinate. situated 
at the centre of a distorted tetrahedron, linking adjacent 
anions by bonding with two pairs of eclipsed organic amido 
oxygen atoms , one pair from each dinuclear unit [K·
O(amide) av. = 2.66 A] . Low co-ordination numbers for 
potassium ions are rare . ~ The close inter ligand contact~ of the 
bis-hydroxybenzamido ligands in this eclipsed conformation 
are predominantly Cl .. ·CJ contacts, ranging from 3.6 to 3.9 A, 
close to the sum of van der Waals' radii for Cl (ca. 3.6 A) . 
Presumably the co-ordination of the potassium ions plays a 
siiJlificant role, and results in the observed eclipsed conforma
tion of the two planar ligands . The dinuclear octahedral Os''" 
oxo-bridged structure has been observed previously in the 
complex Cs4({0sC15}z-1.1·0J6 and a bent oxo-bridged dinu
clear Os'" complex, Os2(Jl·0)(1J·02CMehCl,(PPh3h. has 

~ The CRYM computing system was used (D. J. Duchamp . California 
Institute of Technology) . Least-squares refinement minimizes Iw!J.~ 
with weights w· 1 "' {[o(J)F + (0 .02 x 5ean countsF } (k 2."Lp ): and 
!J. "' f 0 2 - (F.Jk)2 . The goodnm-of-fit is v[Iw!J.~ • (n - p)] . 
R • I ;F0 - !(fcik)!/If0 (for reflections with I> 0) . Rlo c R [for 
reflections with I> 3o(J)] . The atomic co-ordinates from th1s work 
are available upon request from the Director of the Cambridge 
Crystallographic Data Centre . University Chemical La bora tor:. 
Lensfield Road . Cambridge CB2 lEW . Any request should be 
accompanied by the full literature citation for this commumcation . 

also been structurally characterized .7 The general strategy of 
producing highly oxidizing inorganic complexes using speci
ally designed multianionic chelating ligands has been success
ful in our work and will soon be reported . 

We thank the Donors of the Petroleum Research Fund . 
administered by the American Chemical Society. the 
Research Corporation , the National Science Foundation . and 
the Atlantic Richfield Corporation of America for support of 
this work and Engelhard for a generous loan of precious metal 
compounds . B . D . S. acknowledges support from the Califor
nia Institute of Technology as a Myron A . Bantrell Fellow in 
Chemistrv , 1981-1983. T . E . K. is the Union Carbide Fellow 
in Chemical Catalysis . 
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Fred C. Aasoa, Judith A. Cbistie, Terrence J. Collias. • RGHrt J. Coots, 
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Contribution No. 688/ from til~ Til~ Cll~mical Laboratorits, Califonria lnstitutt of Tuhnology, 
PasadtNJ, California 9/125. Rtctiv~d !Hctm~r 9, /983 

Abstnct The design of multianionic chelatingligands for usc in producing new oxidizing agents is discussed. Two potentially 
tetradentate tetraanionic ligands, 1.2·bis(3,5-dichloro-2-hydroxybenzamido)ethane (H4CHBA-Et (J)) and 1,2-bis(3,5-di· 
chloro-2-hydroxybenzamido)-4,5-dichlorobenzene (H4CHBA-DCB (l)) were synthesized and found to coordinate to osmium 
as tetradentatc tctraanions. X-ray crystal structures of two Oimium(IV) oomplexes of this ligand class are reponed: octahedral 
0s(7)4·CHBA·Et)(pyh (5) has axial pyridine ligands with the tetradcntatc tctraanion coordinated to the equatorial positions, 
whereas in Os(,4·CHBA-DCB)(bpy) (15) the bpy lipnd occupies one axial and one equatorial position with one phenolic 
donor in an axial position and the remaining donors of the tctradentate tetraanion coordinated cquatorially. Ligand I forms 
osmium complexes in oxidation states II, III, IV, and VI. Attempted electrooxication of the osmium(IV) oomplex, 5, to an 
osmium(V) complex results in oxidation of the tetradentate tetraanion at the ethylene unit bridging the amide nitrogen atoms. 
In the presence of ala>hol or water this oxidation proceeds in a stepwise manner and several key intermediates have been isolated. 
independently synthesized. and characterized. The ftrst intermediate isolated results from dehydrogenation of the ligand bridge. 
In the secand intermediate, the Ul\5aturated bridge has been oxidized to a 1,2 diether. Finally. cleavage of the carbon-carbon 
bond and dealkylation of the two ethereal oxygen atoms yields two bidentate ligands bound through phenolic and organic imido 
donors . The cleavage product is produced as two diastereomers which differ in the coordination geometry at the metal. Both 
isomers have been characterized by X-ray crystal structure determinations. The diastereomeric distribution is determined 
primarily by the nature of the alcohol employed. The ligand oxidation can be prevented by replacement of the ethylene unit 
of I with the dichlorophenylenc moiety of l . Osmium complexes of l have been produced in oxidation states II, III. IV. VI, 
and presumably the very rare state V. The apparent osmium(V) complexes arc stable but arc potent oxidizing agents with 
potentials for the V /IV couples ranging from ca. 1.31 to 1.65 V vs. NHE. The complex [Os(,•·CHBA-DCB)(t-Bupyh]+ 
forms as an apparent mixture of two diastereomers. The stable Oimium(lf) complexes of both ligands I and l are potent 
reducing agents . 

The variety of useful inorganic oxidizing agents presently 
available is limited by the lack of appropriate oxidation resistant 
ligands. We have initiated an attempt to prepare a series of 
strongly oxidizing complexes by designing and synthesizing new 
oxidation-resistant ligands. Most suitable known ligands are 
monodentate species in which the donor atom is electronegative 
(e.g., 0 1- , Cl-. r). Noteworthy exceptions include the ,r-peroxo 
and ,•.porphyrinato dianionic ligands.u Our approach bas been 
to prepare multianionic chelating ligands that are capable of 

(I) Myron A. Bantrell Racarch Fellow, 1981-1983, tbc California ID· 
stitutc or Technology . 

( 2 l For recent eiW1lpla o( the IlK o( biply oxidiz.ed porphyrin complex e. 
in oxidation reactions see: (a) Groves, J. T .; Watanabe, Y.; McMurry, T . J. 
J. Afrl . Cit~'" · Soc. 1913, 105, 4489. (b) Grove., J. T.; Takahashi, T. Ibid. 
1913. 105, 2073 . (c) Smcaal. J. A.; Scbardt, B. C. ; Hill, C. L. Ibid. 1913, 
105. 3Sl0: (d) Smeaal, J . A.; Hill, C. L.lbid. 1913. 105. 3S!S . 

(3) The ememcly oxidized c:omplcxe. (Fe(bpyh] .. aDd [Ru(bpyh) ... ba~ 
recently been produced elec1rocbcmically in liquid S01 1bowina that aromatic 
liaand~ arc capable of fonnin& oblcrvable complexes tbat arc potent o1idizina 
aaenu. Gaud•cllo. J. G.; Sharp, P . R .; Bard. A. J. J. A"' CMIPI . Soc . 1911, 
104, 6373 . S~blc very bi&hly ox.idizina complexes have recent!) been re
ported. Sharp. P R.; Bard, A. J. IMrJ. CMIPI . 1913. 11. 2689. 

forming stable strongly oxidizing complexes and to investigate 
the coordination chemistry of the ligands and the reaction 
chemistry of their metal complexes. Many classical oxidizing 
aaents (e.g .. Cr01, KMn04) exhibit poor chemoselectivity when 
oxidizing organic substrates. For some reactions a fundamenta l 
reason for this behavior is that additional metal-based oxidizing 
aaents are formed during the redox process which oxidize the 
orpnic substrate in a manner different from the initial oxidizing 
agent. An example is the chromic acid oxidation of cyclobutanol 
in which chromium( VI) cleanly oxidizes cyclobutanol to cyclo
butanone, but the chromium(IV) generated in this process also 
attacks the cyclobutanol and produces ring cleavage. The fina l 
inorpnic product is cbromium(III).• We believe that in searching 
for selective transition-metal oxidizing agents it is highly desirable 
to seek or design systems which allow one to control oxidation 
statt cltanrts at the metal site during an oxidation process. In 
particular, we wish to generate complexes that wiU undergo a single 
oxidation reaction with a specific organic substrate to give a 

(4) Benloo. D . •Mecbanams of Ox.idation by Metal Ions·: Elsevier: Nc .. 
Yort. 1976, pp 178-193. 

0002-7863/84/1506-4460S0l.SO/O C 1984 American Chemical Society 
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DOnactive reduced inorganic product. Multianionic chelating 
ligands might provide the stabilization of the rcduc:c:d inorganic 
product that is nccasary for the achievement of this aoal. 

An imponant primary aoal in our work has been to defme the 
nec:essary structural features that make a multianionic c:helating 
ligand compatible with very oxidizing metal centers and the en· 
vironment necessary to generate them. These features include 
(i) resistance to oxidation, (ii) the formation of five- and six
membered metallacycles upon coordination, (iii) oeptive charge 
sufficient to counter the po~itive charae of the metal center, (iv) 
chernic:ally innocent binding sites that are raistant to hydrolysis 
and other displacement reactions, (v) eue of derivatization to vary 
the ox.idizing power of the complex and to incorporate lteric bulk 
or chiral centers to achieve reaio- , enantio-, and stereo~elect ive 
transformations, and (vi) convenient syntheses that will facilitate 
the use of interesting complexes. The complexes may need to be 
coordinatively unsaturated to allow the substrate to coordinate 
prior to oxidation or to facilitate reactions which expand the 
coordination shell such as ~hydrogen transfer. 

Two ligands that have been designed and ex.aminc.d as poaible 
candidates are the potentially tetradentate, tetraanionic liaands 
H.CHBA·Et (J) and H.CHBA·DCB (2) .5·' Note that these 

O Nr-\~O 
'H H' 

Cl o'H H..,.O 0 Cl 

Cl Cl 

(S) lipDd ll&tr* a~ 1,2·bia(3 .~2-byd~ybcuzamido)ethanc, 
H.CHBA-Et (I) ; I .2·bia(3 ,S-dicblor~2·b~ybcz1Dmido)-4,~ichlor~ 
blueoc, H.CHBA-OCB {l); 1,2·bia{3 ,s-dkhlor~2·byd~ybenzamiclo) · 
.Uylenc, H 0CHBA-ctbylcDe; 1.2·bia( 3 .~~2-bydroxybcnzamido )· 
UIULI· I.2-i1imetboxyctbane, H.CHBA-t- 1,2-i!iM~Et ; N· formyi-3,S-4i
dalor~2-bydroxybenumidc, H, Fo-CHBA. Abbreviat.iom: py • pyridine; 
t·Bupy • 4-tm-butylpyridine; bpy • 2,2'-bipyridine; Pb,P • tripbenyl
plloaphine; 1-BuNC • tm-butyl iaol;yanide; TFA • trilluoraacztic .ad; BPG 
• bual pla~~e pyrolytic vapbitc; TBAP • ~Ctnbutylammaoium pcrcllloratc; 
H,OEP • oc:taethylporpbyrin; SCE • atarat.ed calomel elec:trode. 
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>·i~-L 
co~c41>-{f2)-' 

Cl Cl 

5 

Flpn I. Molecular stnieture of 0.(1f0·CHBA-Et)(pyh (5). 

ligands contain organic amide functional groups which when 
N-coordinated are known to shift formal potentials of metal 
complexes to less po~itive values, i.e., to stabilize the higher ox
idation state.'-' The chlorine substituents were introduced to 
protect the aromatic rinas from oxidation . 

Here we report that it is possible to coordinate 1 and 2 as 
tetradc:ntate tetraanions to osmium and that stable highly reducing 
complexes of J and land highly ox.idizing complexes of 2 can be 
produc:c:d. Osmium complexes in the oxidation states II , Ill. IV, 
V, aDd VI are dclaibcd. It is shown that 1 and l meet the criteria 
lilted above with the exception that J is not sufficiently resistant 
to oxidation to allow formation of a strongly oxidizing complex . 
Tbe site of oxidative sensitivity in complexes of 1 has been 
identified u the ethylene unit bridging the two organic amide 
llitroFns· It is important to note that it is a simple matter to block 
this ox.idation of the ligand by replacing the ethylene group with 
tbe more robust dichloropbenylene unit of l . Osmium is a pa r
ticularly useful te5t metal since complexes in several of the higher 
Oltidation states yield readily ob&ervable NMR spectra, a pleasant 
cootrut with other metals we have investigated . This has proved 

(6) (a) I forma a dimcric Clllllpicx witb chromium(lll ) in wbich both 
N·bowld ud 0-bowld orpnic amide lipnds arc found . CQll ins, T . J.; 
Sutaniero, B. D.; Spiea. G . H . J. Clllm. Soc ., Clllm Commam. 19113, 681 . 
(b) CAonlinatioll of I u a \etradentate tetrunion to 01mium (IV) has been 
rtpaned . Christie, J. A.; CollW, T . J.; Krafft , T. E.; Santaniero, B 0.; Spt~. 
G . H . J. Clwm. Soc., CMm . a-,.,.,,. ltl-4. 198. 

(7) Siael. H .; Martin. R. B. Clwm. Rrv. 1912, 82. 385. 
(I) Tbe u.ac: of mllltianionic cbelatina lipnds con~ i n i ng oraanic amide 

t.c:bc:aallfOUPI to ltabilizl: Cu(JII) and N i(lll i lw belen extensively studied 
(a) MariCfUD\, D. W. ~ Appl Clvm. 1913, JJ . 23. (b ) Diadda no. L. L 
l.oblnlon, W. R.; Maraerum, D. W. l1110rg. Oar, . lt13. n. 1021. (c) 
kimura.. E.; SakoDab.. A.; Mac:hila, R.; Kodama. M. J. A,. Clv, . Soc 1ti:Z. 
104, 4255. 

(9) (a) Buttafava. A.; Fabbriui. l.; Perotti, A.; Seahi. B J . Cltr, . Soc .. 
c:r..... CommiUI. 191:Z, 1166. {b) Fabbrizzi, L.; Perotti, A.; Poa.gt. A. htorg 
a-.. 1913, 22, 141 1. 
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F"tprt l. 90-MHz 'H NMR apectnun of 5 (COCI,) . 

indispcnsible in characterizi.na the complexes dc:scribed here. 

Results ud Disc..uo. 

Syntlwsis ud Oxidada. of u O.(IV) COIDflkx of IJplld 1. 
The ligands 1 and l can be syntbesiz.cd in hiah yields from readily 
available starting materials and familiar orpnic reactions. Os
mium insertion into 1 can be achieved quantitatively u shown 
in Scheme I. The orange osmium(VI) complex K2(0s('7~
CHBA-Et)(Oh] (3) contains tranJ-OXo Ji&ands, as established by 
IR. Like other d2 trans-dioxo Olllliwn(Vl) complexes this material 
is diamagnetic10 and provides a referenc::ae for NMR spectr01eopy. 
TheIR and 1H NMR data require equatorial coordination of the 
ligand 1 as a t.etradentatc t.etru.nion . Once bound in this fashion 
the ligand remains coordinated through a va~ety _of c~emical 
transformations. In all of the complexes deacnbed tn this paper 
the ligand has thus far shown no sensitivity to hydrolysis or oth~ 
displacement reactions. Complex 3 can be reduced by tn· 
phenylphosphine in the presence of pyridine to produce the 
paramagnetic osmium( Ill) complex K[Os('I~-CHBA-Et)(py)~] 
(4), and oxidation of 4 gives the deep blue neutral paramagnetic 
osmium(IV) complex Os('74-CHBA-Et)(pyh (5) in high yield. 

Complex 5 lw been characterized by an X-ray crysal structure 
determination (Figure 1 ) . This is the first structural study of 
an osmium(IV) pyridine complex. We recently reported on an 
Os(IV) dimer of ligand I which contained the first structurally 
characterized examples of Os(IV) bearing the N-coordinated 
organic amido ligand or the pbenoxide liga~.~ In 5 the lip~d 
1 is coordinated as a tetradentate tetraaruon to the equatonal 
positions of a distorted octahedron. The two pyridine ligands 
occupy the axial positions with a relative dihedral angle of 73°. 
It has been oonc:luded that the relative orientation of traru-pyridine 
ligands in Co(ac:ach(pyh and Ni(acac),(py),. stagered for the 
former and eclipled for the latter, is a func:tioa of crysta.l packin& 
effccts .11 The paramagnetic complex 5 exhibits a wcU-raolved 
1H NMR spectrum as shown in Figure 2. Spectra of this type 
have been previously ot.ervcd for osmiwn(JV) complexes.12 Tbe 
signal for the bridging ethylene protons is a liniJet at 68.SS ppm. 

(10) Schroeder, M. Cltlm. /UrJ. 1•. 80, 117. 
(11) Elder, R. C . [NNf . Cltl"' . 1961, 7, 1117; 1961, 7, 2316. 
(12) (a) Plwson, D.; Griffith. W. P. J. Clw,. Soc., Dolt0t1 TNUU. 1975, 

•11. (b) Chan, J.; l...ciJh. G. J.; Minp, D. M. P.; Puke, R. J. J. eM,. Soc. 
A 1961. 2636. (c) Rand.all, E. W.; Shaw, D. J. Clwm. Soc. A 1969, 2167. 

'---.J' __._ . 

-a.o -os o +1.0 

E w Fr!'tFc., V 
J1awe 3. Cyclic volt&!nJnolraln of I mM 5 in CH1CI1, 0.1 M TBAP at 
0.174 cm1 BPG clcc:t.rode. Sc:an rate • 200 mV s· 1• 

The aromatic protons of the chelate are found at 14.92 (d. 2 H. 
4JuHfl • 3Hz) and 10.54 ppm (d, 2 H, 4J<H-Hl • 3 Hz). The 
lipals for the pyridine onho and para protons are shifted upfield 
from the normal diamagnetic range (H,.. -6.29, d, 4 H. 3J <H-H 1 
• 8 Hz; H,. -1.39, t. 2 H, 3J<H-H) • 8 Hz), whereas the signal 
for the meta protons is not significantly affected (H,., 7.72, t, 4 
H, lJ(H·Hl • 8 Hz) . It is probable that the mag~itude of the 
paramaanetic contact shift of the pyridine si~ is direct.Jy r:Ja~ 
to the nature of the aec:ond LUMO of pyridme, 3B ~o wh1ch 1s 
composed of p orbitals on nitrogen and on the ortho and para 
positions, but not the meta positions .13 • 

Cyclic voltammetry was used to probe the redox che~try of 
the new complexes and the oxidative stability of the ~rdmated 
l.ipnds. A typical cyclic voltammogram of 5 (1 mM m CH,CJ,, 
0.1 M TBAP5) at a BPG5 electrode is shown in Figure 3. Po
tclltiU were measured apinst the ferrociniwnjferrocene (Fe• I Fe) 
C1D1q1ie wtDcb we have aaisle:ntly measured as ca. 0.48 V vs. SCE5 

a the same medium. Two reversible diffusion-controlled one
electron responses having fonrial potentials of -o.65 and -1 .88 
V are found. In addition, two irreversible responses appear at 
E, • +0.70 V and ca. 1.00 V. Pklts of peak current vs. the square 
root of scan rate rate over the range 2(}-500 mV s- 1 are linear 
for the two revenible couples and the fltSt oxidation, indicating 

(13) Jorac-. W. L.; Salem, L. "The Orpnic Chemist's Book of 
onitala•; Academic Pr.a: New York. 1973; p 265. 
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F"~pn 4. 90-MHz 1H NMR spectrum of 7 (CDCll) . 

diffusion rontrol. Controlled potential reduction of 5 at -{).90 
V consumes one electron per molecule and producu .C which can 
be reoxidized to pure 5. Reduction of 5 in acetonitrile at -2.10 
V ronsumes two electrons per molecule and produces a purple 
solution of the rorresponding osmium( II) romplex that is stable 
under an inert atmaspbere. Exposure to air causes rapid formation 
of .C . The formal potential of the osmium(III/11) rouple, (Os
(TJ4-CHBA-Et)(pyh]-fl-, -1.88 V, is almost 2 V more ne~ative 
than that of the rorresponding porphyrin complex, [Os( 17

4-
0EP)(pyhj+/O, (0.0 V), in the same mcdium.!·14 The osmium(II) 
romplex [0s(TJ4-CHBA-Et)(pyhJ2- is thus a very powerful re
ducing agent . Clearly the tetraanionic ligand stabilizes osmium
(111) much more strongly than does the dianionic octaethyl
porphyrinato ligand. We anticipate that this superior stabilization 
capacity will be a general property of the tetraanions. 

The oxidative sensitivity of the ethylene unit bridging the amide 
nitrogens causes the oxidation of romplex 5 to be irrevenible. 
Electrochemical oxidation of 5 at 0.87 V in dichloromethane 
containing ROH (R • alkyl, H) (0.5 mol per mmol of osmium) 
consumes at least six electrons per osmium atom and gives 
quantitative conve~ion of 5 to either one of two new romplexes, 
9 and 9', or a mixture of both depending on the nature of R, vide 
infra (Scheme II) . Thin-layer chromatography (TLC) of the 
anolyte solution monitored during the rourse of the electrolysis 
shows that the ronversion proceeds through three distinct 
intermediates~. 7, and 8. Comparison ofTLC measurements 
when different alcohols are employed indicates that 6 and 8 contain 
the alrohol group while 7, 9, and 9' do not . We wished to un
dentand these transformations for two reasons. First, there is 
an obvious ronnection between the goals mentioned in the in
troduction and a lcnowledge of any oxidative reactions of a complex 
of the new ligand 1. Second, it is po&Sible to ron vert 9 and 9' to 
active catalysts for electrooxidation of alrohols, and our studies 
of these catalytic systems required a knowledge of the structures 
of possible participant romplexes. 

It was inconvenient to separate and isolate the complex mixtures 
of osmium rompounds that form during the electrolysis. Ac
cordingly we sought separate chemical synthC$CS of the various 
intermediates and discovered that rompound 7 can be quantita
tively produced by autoxidation of 5 adsorbed on silica gel (Scheme 
II) . The structure of 7 has been estabmhed by 'H NMR (Table 
I and Figure 4) and 13C NMR (Table Il) ." The signal for the 

(14) Brown, G M., Hopf, F. R .; Meyer, T . J .; Whitten, D. G . J . Am. 
Clt~m . Soc. 197!, 97, S38S . 
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~ 5. Cyclic voltammogram of I mM 7 in 0 .1 M TBAP/ CH 2CI 2 at 
0 . 17-4 cm2 BPG electrode; iCin rate • 200 m V s- 1• 

methylene protons of the metallacyclopentane ring of 5 is found 
at 68.55 ppm, whereas the signal for the metallacyclopentene ring 
methine protons of7 is found at -15.52 ppm. The five-membered 

H H 

'!={ 
-N:Iv:N

'os' 

H H 

H 
-N II N

'os' 

unsaturated metallacycle of 7 can be represented by two con· 
tributing resonance structures in which the formal oxidation state 
of the metal is different. The cyclic voltammogram of 7 in the 
at.ence of aloohol is shown in Figure 5. Three reversible dif· 
fusion-rontrolled one-electron waves are found atE= -1.76, 
-{).62, and 0.37 V, and an irrevenible oxidation is found at EF 
• 0.92 V. The oxidation of7 at 0.37 Vis reve~ible in the absence 
of alcohols, but it becomes irrev~ible at low scan rates if alcohol 
il present. Electrochemical oxidation of 7 at 0.87 V in the presence 
of aloohol or water produces 8 and then 9 and / or 9 '. Complex 

(IS) A considerable number of liaand ollidat ive dehydro,enallons have 
been previous!) rqx~I'Uid . For eumpl~ of such ractions in osmium chemim) 
tee: Lay. P. A.: Sai'Je50n. A. M.; Skelton. B. W.: White . A J. J. Am. CJr,m 
Soc . 1,.2, /CU , 6161 and referenc:u therein. Oxidation of meth ylene un its 
auachcd to the nitroaen atoms of cbelatina N-coordmated pol) pcpllde l to 
oopper(Ill) lw been reported Rybka . J. S .; Maraerum. D W. /110rg CJr,m 
I,.J , 10, 1453 and rcfcrenc:u therein . For a recent rev ie"'· of a.a-diimtne 
complexes including ligand oxida tions sec: Van Koten, G : Vriezc . K. Ad1 
Orrano~t . Clt~m . 1,.2, 11, lSI. 
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6 is produced in very small concentrations u an intermediate in 
the electrooxidation of 5, but not 7. We have not been able to 
isolate and characterize this compound. 

Chemical convenion of 7 to I can be effected in high yield by 
oxidation with dichlorodicyanobenzoquinone (DDQ) in di
chloromethane in the presence of alcohol or water (Scheme II). 
The five-membered metallacycle in I is symmetric:ally subltitutcd 
by trGM-alkoxide JTOUp&, but if the oxidation with DDQ is per
formed in the presence of both alcohol and water the unsym
metrically subltituted complex 1• bearing traru-alkoxide and 
hydroxide groups is produced in addition to the two I)'DlDlCtricaJ 
complexes I (R • H or alkyl). Complex 1• forms in very small 
concentrations in the elcctrooxidation proceu when alcohols are 
uJed implying the presence of small quantities of water. The 
structures of thae complexes have been c:onfirmed by 1H and 1lC 
NMR (Tables I and II). The 1H NMR spectrum of 1• shows 
the multiplicity o( signals expected for two inequivalent pyrid.inea 
and two inequivalent rinp in the chelate l.ipnd. For compounds 
7 and I an alternative structure which would allo satisfy the 
accumulated spec:trOICOpic data involves u.ial pbeooxide lipnds 
with the nitJ'Oien donon in the equatorial plane and the pyridine 
liaands in a cis configuration. However, this structure would 
probably be highly strained. 

Electrocbemical oxidation of I at 0.87 V in the presence of 
alcohol or water result.a in cleavage of the carbo~H:arbon bond 
of the five-membered metallacycle and dealkylation or depro
tonation of the oxygen subltituc:nu to afford the two diutereomeric 
complexes 9 and 9' which differ in cit-trana l.i.p.nd relationship~ 
only. Both complexes with L • t-Bupy have been characterized 
by X-ray crystal structure determinations (see Fisure 6 for 9 and 
Figure 7 for 9'). These are the rtr~t structurally characterized 
N~rdinated organic imido complexe& of 01mium. The dia-

f1pn 6. Molecular ltniCtute of Oa<'I'·Fo-CHBA)rcil·(t·Bilpyh (,) . 

l&l:reOI:neric ca:npasition ia a function of the R group and the ligand 
L. For L • py the transformations are 100% stereo~elective. 
When R is methyl, ethyl. n-butyl, isopropyl, or benzyl, 9 is the 
IOic product and is formed quantitatively. When R is tm-butyl, 
,.,.,.amyl. or H. 9' is the quantitative product. It was not pos.sible 
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to grow crystals suitable for structural analysis with L • py for 
either diastereomer. Consequently, the entire ~eries of complexes 
was synthesized with L • t-Bupy. This substitution causes a 
change in the diastereomeric distribution of 9 and 9'. Thus the 
electrooxidation of 5 (L • t-Bupy) in the presence of isopropyl 
alcohol produt:e$ a mixture of 9 and 9' in the approximate ratio 
7:3. Compound 9' can also be produced as the sole product by 
oxidation of 5 in dichloromethane with tetrabutylamrnonium 
periodate in the presence of excess trifluoroacetic acid (TFA). 
9 and 9' have been characterized by NMR (Tables I and II) . 

At this juncture it might be helpful to suuest I mechanism 
for the combination of lipnd and metal oxidations that we have 
described (Scheme III). Ontxlectron oxidation of 5 might afford 
an osmium(V) complex which could undergo spontaneous re· 
ductive deprotonation to produce an a&mium(III) monoimine 

complex that would be rapidly oxidized at the potential employed. 
This would give a cationic osmium(IV) monoimine complex which 
upon reductive deprotonation would give 7. One-electron oxidation 
of 7 would produce a complex which possesses carbonium ion 
character at the carbon atoms of the metallacycle . Nucleophilic 
attack by alcohol followed by proton loss would lead to another 
Olmium(III) monoimine whose elcctrooxidation would give 8 by 
alimilar sequence. One-electron oxidation of 8 might induce ring 
cleavage and 0-deal.kylation to produce yet another osmium(III) 
complex whose further oxidation and dealkylation would lead 
finally to compound 9 or 9'. It is not clear at what stage in the 
CD~JYC:nion of 8 to 9 the ilomerization occurs that gives the observed 
atcrecx:hemistf)' at the metal center. However, we suspect that 
iaomerization might occur after one-electron oxidation of 8 and 
that the unusual stereochemistry could be related to the relative 
rate of this isomerization vs. the rate of ligand oxidation. Evidence 
presented below demonstrates that an octahedral osmium(IV) 
complex of ligand l can exist with nonplanar tetradentate tet· 
raanionic coordination. Consequently, the isomerization which 
Jives 9 might occur prior to cleavage of the carbon-carbon bond. 
The stoichiometric conversion of 5 to 9 or 9' would require exactly 
six electrons according to Scheme III . Experimentally the charge 
is variable, but it is alwaY' &reater than or equal to six electrons 
per a&mium atom. 

In the presence of acid to@ether with an alcohol or water 9 and 
9' undef!O two-step quantitative conversions to produce t'olt'O final 
DeW blue complexes. The complexes prepared in this way are 
effective catalysts for the electrooxidation of alc:ohols .16 

These studies demonstrate that it is possible to coordinate I 
u a nonlabile tetradentate tetraanion to osmium and that this 
type of coordination results in a significant stabilization of higher 
cWdation states. However, the ethylene unit of J is an unsuitable 
feature for ligands that are designed to resist strongly oxidizing 

(16) Anion. F. C.; Collins, T. J .; Gipaon, S. L.; Krafft . T. E .. manu.scnpt 
Ia pnparation. 
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conditions. At the outset of this work it wu recognized that the 
ethylene unit was probably the molt easily oxidized portion of 
I, but it was not clear whether the sensitivity would be sufficient 
to preclude the formation of high oxidation state complexes. The 
major goal of building stable strongly oxidizing complexes hu 
been achieved in a simple manner by replacing the ethylene unit 
of I with the more oxidation resistant dichlorophenylene briqe 
of l . 

Sy•tllleses ud OxWaOO. of Ot(IV) ce.,lex• of 1JpM l. 
Insertion of osmium into ligand l and entry into tbe chemistry 
of several oxidation states hu been accomplished (Scheme IV). 
The conversion of the osmium(Vl) complex K2[0s('I"·CHBA· 
DCB)(Oh] (10) to the osmium(IV) complex Os(,4-CHBA· 
DCB)(PPh3h (II) involves the unusual procedure of beating 10 
under reflux in a tripbenylpbolphinefTFA solution. The reaction 
affords II in high yield . Compound II is a very versatile in
termediate for ligand exchange reactions at osm.ium{IV), as iJ. 
lwtrated in Scheme IV. The compounds shown in Scheme IV 
have been characterized by 1H NMR (Table I). 

The cyclic voltammc:JBram c:L OI(,"-CHBA-0CB)(t·Bupy)2 (13) 
is shown in Figure 8. The irreversible response observed upon 
oxidation of complex 5 (Figure 3) has been converted to a re
versible couple at £f • +0.70 V. Bulk electrolysis of dark blue 
13 at 1.0 V in dichloromethane conswnea ooe electron per osmium 
atom and produces a purple solution which apparently contains 
an equimolar mixture of two osm.ium(V) complexes. The cyclic 
voltamrnogram after electrolysis still COI!tain5 the oriainal reversible 
couple arising from 13, but the peak c:urrents are only about half 
as large as they were originally . In addition, two new couples 
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f'lltn I. Cyclic voltamfnOITim of I mM 0.(1!•-CHBA-OCB)(t-Bupy). 
(13) in CH2CI1, 0.1 M TBAP at 0.174 cm1 BPG electrode. Scan rat~ 
•200 mV s·1• 

·~ 

<0 

E "'Fc•lfc, II 
f1lwt 9. Cyclic volwnmoaram of (a, top) I mM Os(17•-cHBA· 
DCB)(t-Bupyh (ll) + 0.1 M TBA-BF. in CH2CI1 and (b, bottom) I 
mM [Os('I•·CHBA-OCB)(t-BupyhJ+ + 0.1 M TBA-BF4 in CH 2CI 2: 

one-electron reduction ratons cyclic vohammoeram (a) . Pt wire elec
trode; 200 mV s- 1• 

appear ~CVeral hundred millivolts negative and with peale currents 
also about half as large as the original couples (Figure 9) . The 
opcll ciralit potential of the electrode is positi~ of all of the couples 
lhowing that all of the original osmium{IV) complex has been 
oxidized. One-electron reduction of the mixture restores a pure 
solution of 13. We suspect that the oxidation products are a 
mixture of aeometrical isomers. 

A chanae to nonplanar coordination of the tetradentate tet· 
raanion in 13 upon one-electron oxidation could give rise to an 
equilibrium mixture of diastereomers . The complex Os(,•
CHBA-0CB)(PPh3h (II) which contains tra1Lf·phosphine ligands 
m.iaht be expected to resist this isomerism since it would require 
cis coordination of the bulky phosphine ligands. Bulle electrolysis 
of II in acetonitrile at 0.86 V involves one electron per osmium 
atom and produces a dark green solution or what we assume to 
be the ounium(V) complex [Os(!7•-CHBA-OCB)(PPh3h]•. This 
oxidized material exhibits no additional waves in the cyclic 
~. 11 In order to test the ability of ligand l to assume 
a nonplanar geometry, complex II wu treated with 2,2'-bipyridinc: 
iD toluene under reflux and the compound Os(,•·CHBA· 

(17) For a receat dec:troc:bemica study ol'tbt system~ [M{bpy),{OHJ2] 2• 

(M • Ru, 01) II!IC: T~hi. K . J .; Samuell, G. J. ; Genten, S . W.; Gilbert. 
J . A.; Meyer, T . J. /-r. Clwm. ltiJ, 22, 1407. For tbt 01mium cue stable 
oomplu• wve fOillld for oxidatioo 1ta1.a II. lll, IV, V, and VI with a small 
Y&riation ill £ 112 value&. 01{111/11) • +0.16 V {SSCE), Os{Vl /V) • +0.82 
V. Chidation il a.ccompanied by clcprolonation. For a I'IICent electrotbeaucal 
lbldy o( IIOinC OIIDium(IV) a.Dd (VI) complex• see: Annltronl. J. E.; Walton, 
ll. A. /-r. CAlm. ltiJ, 22, 1545. 
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fllwe 10. Molecular atnlcturc of ~~~·-CHBA-DCB)(,r-bpy) (15). 

DCB)(bpy) (15) was ilolated from the reaction mixture. X-ray 
crystal structure analysis of 15 (Fiaure 10) abows that the hi
pyridine ligand occupies one axial and one equatorial poaition of 
a distorted octahedron with one pbenolic donor coordinated axially 
and the three remainin& anionic donors coordinated equatorially. 
Clearly, under the ateric influence of the bipyridine ligand the 
tetradentate tetraanion can be constrained to coordinate in a 
DOnplanar fashion. We are further invstiptin& thae complexes 
in which the metal is apparently in the rare oam.ium(V) oxidation 
atate .11

•
19 

It is poasible to make atable complexea of this type with a 
number of different axial ligands. By changing the axiallipnds 
we have been able to vary the potential of the Olmium(V fiV) 
couple from +O.S9 V to almost + 1.00 V. Tbc moat potent oxidant 
aenerated so far is [Os(.,4-CHBA-DCB)(t-BuNC)ll+ (l.C) with 
a formal potential for the oamium(V /IV) couple of +0.93 V vs. 
Fe• /Fe, or ca. l.6S V vs. NHE. 

The results we have presented demonstrate the versatility of 
ligands such as ['14-CHBA-Et}._ and ['14-CHBA-DCB}._ in the 
formation of both highly oxidizing and highly reducing inorpnic 
complexes. A act of ligand design features that are important in 
the preparation clstable complexes has been idc:ntifiCid. We bdieYe 
that chelate complexes of this clus of lipnds will fiDd application 
in aelective redox reactions, and we are actively pursuing such 
studies with a number of metals and oxidation reactions. 

~Secdoa 
Materiak. All IOfvcnu were raaent aradc (Aldrich. Bater Mal

liDcktodt, M.C.B. or U.S.l .) and were Uled u m:zived Wllcas otherwiJc 
.ated. Accpc anhydride (rcaJent, Mallinckrodt), 2-acetylaalicylic acid 
(A.Idricb), 2.2'-bipyridine (99 .5%, A.ldricb), tm-butyl illocyaDidc (>98%, 
f11W). 4-tm-butylpyridine (99%, Aldrich), Cl2 (Mathaon), 2,3-di
~5.6-dic:yan<>-1,4-bcnz.oquinone (98%, AJdric:h) , 3,S-dic:hlorolllic 
acid (Pfaltz and Bauer), Jlac:ial acetic acid (Aldrich), HC10• (60%, 
Mallinckrodt), H20 2 (3ot. Supcroxo1, Bat.cr). KOH (raJCDt, Baker), 
o.o. (99.8%, Alfa), H2PO. (85%, Baker), pyrid.iDe (rcaaent. MaUinck
rodt), triethylamine (rcaaent. M.C.B.), tritluoroacetic acid (rcaaent, 
M.C.B.), and tripheny1pbolphine (99%, AJdric:h) were aU llled u re
ceived. The oxalyl chloride and cthyleDediamiDe (Aldrich) Uled in the 
lipnd synthaei were both frah1y distilled. 4,5-0ichlor~pbenylene
diam.ine wu dried over Na~, aDd recrystallized from bcu.ne. Silica 
Fl was 60-200 mcah (Davidson) . ADalytic:aJ aDd preparatory thin layer 
c:hromalaifaphy plata, lSO aDd 1000 ,.m, !Wp~~Ctivcly, were ailic:a Jel 

(II) •Gmelin Handbucb clcr ADclrpJiilcbeo CMm;e•; Olmiwn Supple
.att; Sprinac:r-Vcrlaa: Nn> Ycd. 1910; Vol. I. 

(19) Cotton, F. A.; Wi.l.kialoa, G .·~ lDorpDic ~; _. 
ed.; John Wiley and Sooa: Nn> Ycd. 1910; pp 912-933. 
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GF (ADaltech). Molec:ular lie¥CI (4 A. LiDdc:) were heated uDder vac· 
Ulll at JOO •c lor 4 II prior to usc: . 

..,..U ~ 1H NMR spectra wen lniUW'ed at 90 MHz 
em a Varian EM 390 or a 1EOL FX9G-Q spectrometer unless otherwise 
-.!. 11<: NMR Jpectr1 were meuured at SOO MHz on a BNker WM 
SOO apec:trametcr. 1H aDd 11<: c:bemical ahifu arc: reported in~"'· Me.Si 
with the IOivat (CDCI, I 7 .25, CD2CI1 6 5.35, Me~d• 6 2.50 or 
~. 6 l .OS) u mtemal ltaDdard. Infrared spectra were recorded 
em a Beckman IR 4240 spectrophotometer. R.aman data was rc:c:orded 
em a SPEX apectrometer. Elcmcntal aaalysa were obtained at the 
Cahech AD&lyt.Kal Facility . AD&lytical thin layer chromatoaraphy rc:
alu were obtaiDed by elution with CH2CI2/THF (9:1) . 

1:11cc1 ' ' I~ Dic:h1oromcthaD (M.C.B. or Mallinck· 
radt) Uled in clectrocbemical cxpcrimcnu wu rcaaent ll'ade and was 
fvt.hcr purified by puaiDa it over a abort column or activated alumina 
(Woelm N. Akt.l) . A.cetoaitrik (Burd.ict aDd Jacbon, distilled in alass) 
wu dried over 3-A moiecular aicva. TBAP supponina electrolyte 
(Sauthwscrn ADa1ytica1 Cbc::micals) wu dried, recrystalliud twice from 
IICI&aDC/cthcr.IDCS then dried UDder vacuum. Tbe TBAP concentration 
ill aliiOlutioas wu 0.1 M. Alcoboli were rcaaent or apcctrophotometric 
JTide aDd were llled u received. BPG clectrodes (Union Carbide Co., 
Cbicqo) llled for cydic Wllwnmctry were au and mounted as previously 
tAIIcribed.:11 Tlac BPG clecttodc uaed for controlled potential oxidations 
wu cut u a thin &beet ( -1.7 X 4.5 X 0.07 c:m) fuxn a reaanaular block. 
Tlac rclCI"CDCC cloctrodca Uled wen a •turated KCI s.ilvcr-tilvcr chloride 
llllctrodc (A&/ A&CI), a •turated aodium chloride calomel electrode, and 
a lilvcr wire: quuirefei'CIICC cloctrode. In all c:asa lerrooene was added 
at the coac:luaiorl of the experiment u an intcmal potential standard. All 
potcDtiala arc: quoted with rapect to the formal potential of the ferro
c:iJlium/fcrroccne couple, which Wider thac conditions we bave con
-.cntly mcuured u +0.48 V n. SCE. or ca . 0.70 V n . NHE. 

Cyclic Wlltam.metry aDd control.lcd potential electrolysis were: pcr
(ormed on a PriDceton Applied Racarch Model 1731179 potentiosta t 1 
dilital coulomcter equipped with po1itive feedback IR-compcnsation and 
1 Model 175 u.n.ivcnal procrammer. CWTent-¥Oita&e curves were: rc
oarded on a Hou.atonlutrumcnu Model 2000 X-Y reconler. Standard 
~and threo-a:mpartmcnt clectrocbemical cells were Uled. Cootrolled 
potential oxidations in dichJorometbane in the presence of water or a)
cobol were cooducted at a BPG anode with the A&/ AaCI reference 
electrode placed in the •DOiyte IOiution ncar the anode to reduce the 
amount oliR-<XXnpcmation needed. Controlled potential electrolyses in 
acetonitrile were conduct.cd at a Pt puze working electrode with the 
rclcreDOC doctrodc isolated in a 1ef18rat.e compartment. These expc:ri · 
IDCDU were performed in a bclium aUIIOipberc: dry box (Vacuum/ At· 
bllphcra Co.) . 

X-ray Data Colectiea ... SCnctwe ~doe of 5. A suitable 
c::ostaJ wu obc.ained by lllooa· crystallization from THF ;water. 05cillation 
aDd Wc:isac:nbera pbot01fapbs lbowed symmetry no bi&her than T. The 
iDtCIIIity data were collected on a locally modified Syntex P2 1 diffrac· 
UJmctcr with araphite monochromator and Mo KA radiation (). 0 . 7107 
A). Unit cell parametcn (Table IV) from least-squares refinement of 
aiD2 I bued on rlfltlen 21 values, each llan avcra&e of four values (::t:28, 
...,, .,, x; ::t:ll, =*:4.>, . + ., • - x) . The three check reflections indicated 
110 decomposition aDd the data were reduced to F0

1; the variances of the 
ialalitics were obtained from COWitin&atatistics with an additional term 

.(0.02 X ac:an COWIU).2 The form factors were: taken from ref 21 . 
Tlac 01 atom coordinates were derived from a Patterson map, and 

-=euive clectroo dalsity map~ revealed the rcmaininaatoms. Hydro
F!Itoms wa'C intr'oduced into the model It idealiz:ed positions with ftxed 
u • 0.063 A2. Several cycles or least-squares refinement. minimizing 
I:w~2• with w • ,-l(F.2) and~ • F.2 - (F,/k) 2, resulted inS • 1.92 
aDd R, • 0.034.12 The (mal value for the isotropic: extinction coefficient 
wu 0.396 (36) X 10"4. The calculations were carried out on a Vax 
11/780 with the CRYM system of proarams.23 

X-ray Data Caledioa ... SCnctwe ~doll of 9. A long 
crystal of 9 (L • t-Bupy) wu obtained by slow crystallization from 
CH2C12/bcunc. Diffractometer data (Nja)Jct diffractometer, &raphite 
IDOIIOChromator, Mo Ka radiation) indicated monoclinic symmetT)· and 
~pace JrOUP C2/c (Table IV) . The six check reflections indicated no 
decompo~ition, aDd folJowina an empirical correction for ablorption, the 
data were reduced to F.2• 

(:10) Oyama, N.; .U.OO, F. C. J. Am. C~m. Soc 1979. /OJ. 3•50 
(21 ) Atc:mic -ttc:riD& facton were taken from: •fntcrna tiona I Tables for 

X-ray CrystallOJrapby•; Wittoa: Birlninaham. 1974; Vol. IV, pp 72-97. 
(22) Tbc JOOd--ol'·fit S • [:t:w~2 I"- r:>) ]1 ll, 11 • number of reOect ions. 

11 • DUlbcr of parametc:n; R, • :t:IM'l l :t:IF J (bucd on reflections with I 
> 0), M • IFJ- lf'J. R,. • R, (bued on reflections with I> 3~1) . 

(23) Tbc CRYM computi.q s)'ltem wu IIIC1d (D. J. Duchamp, California 
J.liUIIC of Tec:b.Dc»OJY) . 



I Table I. 90·Mifz I NMR l>al3 for All o~mium Complexe~4 t 
0\ 

chcl3tc lip:and 01> 

pyridine 
H1 .1f,b other ~ 

no. compd H, Ho Um lfp t·Bu :ll.. 
IC "·#"· 3.70 7.54 7.74 ~ 

s, 4 d,2 d,2 Q 
-NH f<N- "' ]d 3.88 7.27 8.21 3 . 77~ H 0 ~ 

S, 4 d,2 d, 2 S, 2 2 

~ .se L= PY 68.55 10.55 14.93 -6.29, d, 4 1.13, dd, 4 - 1.39, t, 2 
s, 4 d,2 d, 2 lo.m = 811z lm,o = 8 liz lp,m = 8Hz 

~ J,. .P = 8Hz 
se L= t·Bupy 69.78 10.78 15.40 -7.26,d,4 7.38, d, 4 0. 18 

:-

s, 4 d,2 d,2 10 , ,. = 1.5 Hz 1,., 0 = 1.5 Hz S, 18 ~ 7. ")=<"' - 15.52 4.26 5.38 - 1.12,d,4 7.38, dd , 4 - 2.29, I, 2 
S, 2 d,2 d, 2 10 ,m =8Hz 1,., 0 = 8Hz Jp,m = 8Hz ~ 

-N,O.,N-- J,.,p= 8Hz .... .,. L = t·Bupy -14.30 4.89 .5.61 -2.90, d, 4 7.1l,d,4 0.13 ?-.... 
a,2 d,2 d, 2 lo,m = 1.5 Hz lm,o = 1.5 Hz S, 18 ~ 8a··' L-et ... 6.01 9.22 10.48 -1 .32,dd,4 8.59, dd, 4 1.61, II, 2 2.06. dd, 6 JH .... 
S, 2 d,2 d,2 l 0 .m = 1.5 Hz J,.,p = 8.5 Hz Jp,m = 8.5 Hz lo,b =lo,c= 8Hz • 

"· 0/ \ \ . J0 ,p = 1.5 Hz 1,.,0 = 1.5 Hz Jp.o = 1.5 Hz 7.54, dq, 2 I H 6.08, dq, 2 I H 
[10++"· "· "· · la,p, = 8Hl He lo,c= 8Hz b 
-N ·o.·"- J,,c=IOHz b lc,b = 10 Hr H., 

&b• "· 011111 6 .77 9.43 10.91 -1.7.5. d, 4 8.60, dd, 4 1.2.5. t. 2 .5.17,-CH w.o-t-f-... •• 2 d,2 d,2 10 .m = 7 . .5 Hz 1,., 0 = 7.5 Hz Jp,m = 7 . .5 Hz s. 6 J 

'-' --+1, Ot .l'r- J,. ,P = 1.5 Hz • sae,f H,-o+{.:. 14.43 12.79 -2 . .59, dd, 2 8.94, dd, 2 -0.51. tt. 1 4.87 · -CH 16.87, d, I JH ~ 
d, I d, I J0 ,,. = 1.5 Hz lm.P = 8.5 Hz Jp,m = 8.5 Hz •• 3 • , lc,d = 3Hz b 

-N )f- 10.67 10.29 J0 p= 1.5 Hz J,. .o = 1.5 Hz Jp.o = 1.5 Hz 8 . 59~ H 1.51, d, I ~ H 'ot 
d, I d,l -6.85. dd, 2 7.83, dd, 2 -1.00, II, I •· I a Jd.c=3Hz e 

10 ,,. = 1.5 Hz lm,p = 8 . .5 Hz Jp,m = 8 . .5 Hz 

9" 
J0 ,p = 1.5 Hz lm,o = 1.5 Hz Jp,o = 1.5 Hz 

"· 7.6.5 9 . .52 5.33, d, 4 9.67, d, 4 1.67 10.44~ H }=o d, 2 d, 2 10 ,m = 1.5 Hz 1,.,0 = 1.5 Hz '· 18 
s. 2 • 

-H 

\. 
L= t-Bupy 

fJ• L= PY 7.39 8.JI 5.23. d, 4 9.20,dd, 4 6.26, t, 2 7. 28~ H 
d,2 d, 2 lo,m =8Hz 1,., 0 = 8Hz lp,m =8Hz .. 2 • 

J,. f. = 8Hz 
fJ• L= t·Bupy 7.30 7.96 4.92, d , 4 9.0 . d,4 1.42 7.14 ~ H 

d,2 d, 2 10 ,m = 1.5 Hz 1,.,0 = 1.5 Hz s, 18 S, 2 a 
211 

"·*"· 
8.12 7.87 8.10 
a,2 d,2 d,2 

- M Mil-

:ll.. 
~ 
0 
~ 

~ 

~ 
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TU&t D. Selected SOO-MHz 11C NMR Dati 

C 1 (proton 
80. compd coupled ) ,. 

'\ / ' 105.28. d , 

f'-<i• J01 • 187Hz _ .. 
'Ot -•• H 1 O( t 51.76, d 

[to-t+"· J01 • 160Hz 
- ... 0..-,. 
~c.....-"• 196.46, d 

I J01 • lOB Hz 
II-

o ........ 

L • t·Bupy 

•1 ill CDCI1. 

TM* DL Formal Potentials of Os Compounds 

compd III / II• IV /Ill" 

5 
5, L • t-Bupy 
7 

• t 

" 11 
13 
14 

-1.88 -o.65 
-1.96 -o.70 
-1.76 -o.62 
-1.95 -o.64 
-1.88 -o.46 
-1.88 -o.39 
-1.72 -o.46 
-1.77 -o.51 
-1.05 -o.57 

C 1 (H 1 or H. 
IClectively 
dcc:oupled ) 

105.28. s 

51.76. s 

196.46. s 

(+0.70) 
(+0.66 ) 
+0.37' 
(ca . +0.9) 

d 
d 

+0.59 
+0.70 
+0.92 

•Potenti1.ls were measured aaainst the fc•;Fc couple which we have 
masured at ca . 0 .48 V VI. SCE. • Potentials in parentheses are peak 
potentiau of irre'veraible oa.idations. •7 also exhibit.s an irrevenible 
Clllidatioll at +0.92 V. ~No cWdatiOI\5 seen at potentials below +I . I V. 

Solutioo of the atnacture wu by the Patterson map. and refinement 
wu on lfl· The aolvcnt molecule, CH 2CI2• is disordered, and attempts 
to model it aDd rerme the remainder of the mucture gave RF a 0 .031 
ud S ' • [l:w(41FJ2/I:wF.2J' '2 • 1.60; rmalaveraae shift / error. 0.02. 
the maximum deviation in final U map is 0.59 e; .. F Tbe dat& collec
tion &DC! rermement wu carried out by Cryatllytics Co. 

X-ny Data Celeedae ... ScnJn.t Detenli.Mtioo or 9'. A thin 
Medlelike erystll of 9' (L • t-Bupy) was obuined from a solution of 
CH1CI1/EtOH . Oscillation and Weiucnberg photographs showed sym
metry DO b.iaher than 1. The unit cell parameters (Table IV) were 
cletennilled from a rcrmement uain& fifteen 28 values with 25° < 1261 < 
35•, aYCTaJed from centered values at both +26 and -28. The intensity 
•tl were collected 011 a locally modifJed Syntex P21 diffractometer with 
p-aphitc mooocbromator &DC! Mo Ka radiation. The three check re
flections illdicatcd DO docompoaition. aDd the dati were reduced to F/ 
u above. Tile form facton of Os aDd Cl were corrected for anomalous 
dilpenion. 

Solution aDd rcflDement of the structure proceeded smoothly: the 
paaition of the 0s atom wu derived from the Patterson map. and the 
Fourier map pbued on the Os atom revealed the remainder of the 
ltnlc:ture. Tile H atoms were illtroduc:ed into the model with fixed 
ooordinates at idealized poaitions (the methyl H atoms from .iF maps ) 
ud filled Gauaian amplitudes of U • 0.10 A2-fuU-matrix least-squares 
rci"IIICment of the oon-H atorru with anisotropic U,,·s with use of all 
rcf1ec:tioas with I> O;Zl final averaae shift / error • 0.04 in the last cycle, 
ud the maximum deviation in the final ~·map of 2.5 e/ A). 

X·I"'J Dam Cellec:doll ... ScnJn.t ~tioiJ or 15. A crystal 
fli 15 wu obtained from a IOiution of CH2CI2/EtOH . Oscillation and 
Weilaenbcra pbotocraphs i.Ddicatcd that the space group was trichn ic . 
A hcmilpbere of illtenaity dati were collected as above with un it cell 
paramet.m obcaincd by leut-tqUIJ"CS refinement of the orienution matri~ 
with 111C of flftccll ref1ectiom in the~ 10.9 < 28 < 19.8° (Table IV ) 
with poaitive 21 meuuremenu only . Tbe three check reflections. re
-..ured af\CI' every 100 rellect.iom, iocl.icatcd no significant decay over 
die 19 b of data collec:tion . Abaorption corrections were deemed un
~W~Ce~Ury. Tbe dati were reduced to F.2 u above.'0 with anomalous 
dilpcraion c:omctions included for Os. Tbe atomic posit ion of the Os 
atom wu derived from the Pattenon map. Subsequent Fourier and 
dilrcrence maP' T'CYC&led all non-hydroaen atoms. 

Several cycles of full-matrix least-squares refinement on all non-hy
*oten paramctcn y;dded RF • 0.047 , R/ • 0.044. and GOF c 3.44:22 

ftaaJ shift/crron < 0.10; and a dati -to-parameter ratio • 11.0. Al l 
eaomic coordiJiata u wdl as the acale factor , lc , and Gaussian ellipsoids 
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TdW IV. Summary of Data CollectiOD and Rermema~t IDformatiOD 

5 ' 
15 

formula 
formula wt 
space aroup 
ll , A 

C»H 1.0.N,O,C~ C,.HnOaN,O.Ci.-CHz(:ll C,.HnOaN,O,C~ 
924.67 

C,.HI,OaN,O,C~ 1 I z<:lH.O 
920.42 

b. A 
C, A 
•· deg 
p, deg . 
~. deg 
v,A3 

z 
D..,. acm·l 
crystal siz.c, mm 
>..A 
" · mm·

1 

scan type 
26 limits 
scan rate , deg/ min 
scan width, deg 
total collected ren 
final ren 
refinement on 
sec. extinction 
final no. of parameters 
final cycle • 

R, 
R', 
s 

782 .47 1009.60 
PI C2fc: 
10.083 (4) 19.907(6) 
12.310 (5) 28.850 (7) 
12.241 (4) 9 .445 (3) 
97.38 (3) 9() 
96.49 (4) 131.79 (2) 
113.0 (3) 90 
1364.7 (9) 4044 (2) 
2 4 
1.90 1.66 
0 .14 X 0.19 X 0.92 0 .11 X 0.20 X 0.10 
0 .7107 0.7107 
5 .11 3.60 

~26 *" 
3 < 21 < 60• 3-u·. 43-ss• 
2 6,4 
2.4 0.9 
12429 
6630 
Fl 
3.9 (4) X 10"'7 

353 

0.034 (6435) 
0.029 (5805) 
1.92 (6630) 

4657 
F 
5 X 10"'5 

264 

0.031 (3903) 
1.60 (3903) 

PI 
1 .5333 (9) 
13.6879 (19) 
16.41.a (11) 
104.3SO (13) 
97.329 (II) 
79.179 (12) 
1117.8 (4) 
2 
1.69 
0 .10 X 0.23 X 0.42 
0 .7107 
3.86 
~28 
4-JO•, 2s-S6• 
6. 2 
2.0 
9710 
1315 
ttl 

442 

0.051 (7989) 
0.043 (6871) 
2.16 (8315) 

PI 
10.160 (3) 
12.633 (3) 
12.144 (4) 
117.47 (2) 
90.42 (3) 
9~ .90 (2) 
1552.2 (7) 
2 
1.97 
0.24 X 0.27 X 0.30 
0.7107 
4.68 
~21 
4<21<4()• 
2 
2.0 
3283 
2915 
Fl 

264 

0.047 (2888) 
0 .044 (2710) 
3.44 (2915) 

•The number of reflectiom cootributina to aums Jiven in pareutbaes; tee tef 22 for clcfinitiona. 

(anisotropic for aU atoms except carbon and byclroscn) were in one block. 
A difference map calculated after all DOn-bydroaen atoms have beeo 

lac¥ ted revealed the pracnce of additional electron denaity ncar a c::aJter 
of symmetry. This was rneuured to be an ethanol molec:ule with the two 
carbon atoms related by the center of aymmetry and the two oxyaen 
atoms disordered 0\'er two aitea. 

Hydrosen atoms were placed at a distance of 0.95 A from their re
apective carbon or OltyJen atoms by uauminJ ideal aoometry and were 
not refined. The bydroaen atom temperature facton were let equal to 
the temperature factor of the atom to which they were attacbcd. 
s~ All reactions were carried out in air unk:u otherwiae DOted. 

K2(0s(OH).(0h]lol and 3,5-dichlorolcctylsalicylic acidv were prepared 
as described in the literature. 

H.OIBA-Et (1).$ A 2~mL round-bottom fluk with 1 Jtir bar wu 
charaed with 50.0 1 (0.277 mol) of 2-acctylsalicylic acid and 5010 mL 
of neat oxalyl chloride. The reaction flut wu vented to a bood and 
maintained at 30 •c for 4 h. The remainina oulyl ciUoriclc wu distilled 
off in vacuo. The residue wu diaaolved in a 30-mL aliquot of CHz(:l2 
which was also distilled orr in vacuo; thilstep wu repeated le¥CI'al tUns. 
A 500-mL round-bottom flul, equipped with a atir bar, wu c:baraed 
with a solution of9.28 mL (0.138 mol) of ethylenediamine in 100 ml 
of CH 2CI2 and immencd in an icc t.th. The acid chloride re&idue wu 
dissolved in 100 mL of CH2CJ2, transferred to a drippina fUDDel ud 
alowly added to the etbylenediami.Dc IOiution with rapid atirri.na. The 
resulting slurry was stirred for I b. An ace~~ of I equiv oftricthylamiae 
was added and the mixture atirred for an additional 0.~ h. This mixture 
was treated with ca. 100 ml of 6 M NaOH and heated in vacuo to 
mnO¥e the orpnic volatiles. The remainina aqueous IOiution wu do
canted from the undiaaolved orpnic reaiduea which were then dillolved 
in a minimal amount of acetone and retreated with 6 M NaOH IOiuticll. 
All aqueous portions were combined and cautiously acid.if"Jed with con
centrated HCI. The precipitate wu oollected, wubcd with water, and 
recrystallized from acctonefwater: yield 33.3 1 (1~). ChloriDation 
proceeded as follows: The uncbloriDated product (5.0 a) .... diuolved 
in ~I 00 mL of Jlacialacctic acid in I 500-mL fikratioa fluk. ChloriDe 
ps was bubbled throuah the ltirred IOiution for 0.5 b. The precipitated 
product was oollected, waabed with water, and recrysaallized from ace
tone / water: yield 6 .6 1 (90%); 1H NMR (Table 1). Anal. Cakd for 
C 1Ji 12Cl.N:P.: C, 43 .87; H. 2.76; Cl. 32.37; N, 6.39. FOUDd: C, 44.01; 
H. 2.81 ; Cl, 32.59; N, 6.36. 

Jv:HBA-DCB (1).5 3,>Dichlora.cctyll&licydic acid (12.5~ &. 50.39 
mmol) was converted to the ac:id chloride with 1()-1 S mL of ecat oxalyl 
chloride accordin& to the procedvre dacribed for I. 4,>Dic:hJoro..o.. 

(24) Malin, J. M. I-r. Syrult . I-. 10, 61. 
(2S) Ollnt , H . D.; Gokd, G. W. •&perimc:atal OrpJiic CMmiltty•; 

McGraw-Hill: New York, 1980; p 2S6. 

pllenyleDodiamioe (3.78 a. 21.35 mmol) wu diaaolved in 100 ml of 
CH2CI1 and 15 mL of THF and cooled to 0 •c. The acid chloride was 
cliiiOivod in SO mL ol CH2CJ1 and alowly added to the diamioe IOiution. 
Arter the milture wu 1tirred for 1 b at 0 •c an ncaa of I oquiv ( 12 
ml) of triethylamine wu added and the aolution stirred for an additional 
0.~ hat room temperature. This milture wu then treated with ca. 200 
mL of I M NaOH and heated in vaCilo to remO¥e the orpnic volatiles. 
Ethanol wu added to the 1111Ultina mixture until it became bomoteneous. 
Tbe IOiution wu then llowly acidif"!ed with I M HCI04 . The precipitate 
wu collected, wuhed with water, and rec:ryatalliz.ed from THF /ethanol : 
yield 7.28 1 (61'1); 1H NMR (Table 1). Aaal. Calcd for 
CJ{1.,CJ.N20,: C, 43.28; H. 1.12; N, 5.05. Found: C. 43.34; H. 1.95; 
N, ~.00 . 

l.l0.(11'..cHBA-Et)(0)2.1-HzO (3). Addition of a blve methanol ~ 
llltion of K2[0a(OH)c(OH)J (0.500 1 in 100 ml) to a colorlcu acetone 
IOiution containina I equiv of pure H.CHBA-Et (0.~95 1 in 80 mL) 
produced an immediate color chanae to deep oranae. The IOiution was 
lltirTed at room temperature ror 10 min and then evaporated to drynas 
to Jive a quantitative yield of the product. RecT)'Itallization of 200 mg 
from aCCUIIIC/CH2CI2 y;dded 1791111 (90%) of Or&JIIC microcryatalline 
product. Alter the u.mple wu heated at 10 •c for 12 h UDder vaC\Ium, 
NMR allowed the ~ce of ODe H 10 per molecule of complelt . On 
llaDdiD& in air the compound reablorbl ca. 3 additional molec:Wea or H20 
per molecule of complclt: Raman (aqueous) 870 cm·1 (•,(0.02)) ; IR 
(Nujol) 820 em·• (v" •.<O.Ov); 1H NMR (Table 1). Anal. Calc:d for 
C1Ji1C~2N:P6()a.(H10) : C, 25.54; H. 1.34; N, 3.72. Found: C, 
25.44; H, I .SO; N, 3.61 . IDcorJ!onticll ol 1'0 wu effected by lcttin& the 
compound stand with H 2

1'0 for 24 h: IR (Nujol) 788 cm·1 (v 1, •·· 

(O.''Ol)) . 
0.(11'-CHIIA·Et)(")z (5). K1[0.(lr'-CHBA-Et)(Oh)·(H20). (3) 

(0.540 a) wu d.illotved in 20 mL of pyrid.iDc and I 5 mL of H 20 . Two 
eqaivalerJts of tripbenylpbolphiDc (0.356 &) in 15 mL of pyridine were 
8dded and the milture wu heated with stirrina at 60 •c for 0.5 b. The 
raction wu accompanied by a color c:haqe to deep red-oranae. The 
IOhatioll wu evaporated to ~ and the relidue warmed under vacu
IUD for 1D additiODaJ 12 h to CIIIUre complete f'CIDO\'al of the JO!venu. 
The clry r-.idue wu wuhed with 20 mL ol CH2CI2 to remove the 
plaphina. The reduced intcrmed.iate, 4, wu collected as a red-brown 
IOlid which wu tbetJ redilaolved in SO mL ofTHF and 10 mL of H 20 . 
To thiiiOiutiOD wu added 30'1 H:P2 (ca. 20 mL) in 20 ml of THF 
wiWc cooliq in a 0 •c t.th. Tbe IOiutiOD wu ltirred at room tem· 
perature for ca. I 5 mill or until the color cbanac to deep royal blue was 
complete. Additioll of 20 mL of methanol followed by alow remO¥al of 
the THF yielded 0.405 & (77'1 buod on 3) of the deep blue c:ryatalline 
product. Allllll.lytic:al aample wu obtaiDed by alow crystallization from 
THF /beu.Dc: 1H NMR (rJIUre 2) (Table 1) . Anal. Calcd for 
CJIJ,C~N.O.Oa: C, 39.91 ; H. 2.32; N, 7.16. FODnd: C. 39.93; H , 
2.42; N, 7.14. 
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0.(,•-CHBA«<Iyte.)(,.h (7).' 0.(,•-CHBA-Et)(pyh (5) (100 
ma) was dissolved in SO mL of THF aDd placed in a 2~mL round
bottom Clask with IS 1 of silica ,el. Tbc mixture was stirred and bated 
at renux foe I b and then evaporated to dryDeaa. Tbc dry lilic:a wu 
bated at 120 •c for I b aDd then placed 011 top of a amall quantity of 
clean ailica ael in a abort column. Elution with CH1CI1/ac:ctooe (4:1) 
removed the bulk of the product as a briabt yellow band. Some starting 
material, 5, and what appeared to be aome of tbe c:orrapolldinJ 01(111) 
aalt, 4, remained on tbe column. Second aDd t..bird fraction~ of the 
product were obtained by apin beatina tbe dry ailica at 120 •c for 1 
h and elutina on a abort column u before. Filtratioll aDd remcwaJ of 
IOIYent from the combined fractions yielded the product u a dark told
brown microcrystalline aolid in >90'l yield. An aulytical aample was 
obtained by recrysulliz.ation from CHCIJ/beune: 1H and 1lC NMR 
(Tables I and II) (FiJure 4). Anal . Calcd for Catfi 16Cl.N40 40.: C, 
40.01 ; H. 2.07 ; N, 7.18 . Found: C, 39.93; H, 2.10; N, 7.18 . 

0.(11•-CHBA+l.l4EfO.Et)(,.h (le).' 0.(,•-CHBA-etbylene)· 
(py), (7) (100 ma) was dissolved in 20 mL of ablolute ethanol and 20 
mL of CH1CI1. Addition of 90 1111 of dic:hlorodicyanobenzoquiiiO!le 
(DOQ) callled an immediate color chanae to deep royal blue. After 
removal of the 10lvenu by evaporation the product wu extracted into 
CH1CI1 and purified on a abort ailic:a ael column by elution with 
CH1CI1/ aoetOM (9:1) . Alter rec:rystalliz.ation from CH~IJpaltane tbe 
product was obtained as a dark blue microc:ryatalline aolid: yield 76 ma 
(68%); 1H and uc NMR (Tables I and 11). Anal. Calcd for 
C~•Cl4N.060.: C, 41.39; H , 3.01 ; N , 6.44. FouDCI: C, 41.23; H, 
2.96; N , 6.43. 
O.(,•-CHBA·I·l.l4M~Et)(,.h (D).' 0.('14-CHBA-etbylene)· 

(py), (7) (100 ma) was dilaolved in 20 mL of ablolute methanol and 20 
mL of CH1CI1. Tbc 10lution was treated with DOQ as for a. and the 
c:nlde product was purified on two avoc:::cuive abort ailica ael columns. 
Recryatallization from CH1Cl1/ pentane yielded the product as a dark 
blue powder . NMR established the structure of the product but aliO 
showed the presence of a amall impurity (<1~) . The impurity was 
~~eparated from the product on a preparatory thin layer c:hromatOJrapby 
plate with CH1Cl1/THF (5:1). 1H NMR indicated that the impurity was 
an asymmetrically sut.tituted compound with one hydroxy and one 
metboxy JfOUP on the liaand bridae. ThU compound, a•, was the first 
in thii aeries that had inequivalent NMR aianals for the two pyridine 
lipnds and for the two aromatic rin,s in the c:helatinalipnd. It was 
therefore deliberately synthesized as dilc:u.sled below. After removal of 
the impurity, the major product, Ill, was ap in recrystallized from 
CH1CI1/ pentane: yield 43 m& (40%); 1H NMR (Table I) . Anal. Calcd 
for CaHllCI.N.060s: C, 39.92; H , 2.63; N , 6.6S . Found: C, 39.94; 
H. 2.69; N , 6.6 1. 

0.(11•-CHBA+l-OH·l·MeO-Et)(py), (1•).' 0.(,4-CHBA-
ethylene)(py), (7) (100 ma) wu dissolved in 24 mL of CH1CI1, 18 mL 
of ablolute methanol and 3 mL of H10 . Tbc aolution was o1idiud with 
DOQ as for le and Ill . Tbe reaction mixture was washed down a abort 
5ilic:a ael c:olumn to separate out the quinones. TLC indicated that the 
c:Nde product contained three blue compounds in the approximate ratio 
of 1:2:1. Tbe three were separated on a preparatory thin layer c:hr~ 
matot~rapby plate with CH1C11/THF (4:1 ). One of the minor CODlJIG' 

nents was shown by NMR to be the dimetboxy-aut.tituted compound 
a . The major component p!'OI'ed to be tbe desired product, a•, aDd the: 
other minor component was presumably tbe dibydroxy-avt.tituted com
pound . The product was recrystalliz.ed from CH1CI1/pentane and ob
tained as a dark blue microcrystalline IO!id : yield 3S 1111 (33%) ; 'H 
NMR (Table I) Ana l. CaJcd foe C17HJ:JCJ..N40.0.: C, 39.14; H, 2.43; 
N, 6.76. Found: C, 38.97; H. 2.56; N. 6.SS. 

Ol(tr'-F..OUA),-df-(pyh (9).' Medlod L 0.(,4-CHBA·Et)(py),. 
(40 ma. O.OS I mmol) was diaaolved in 2S mL of CH1CI1 coataining 0.1 
M TBAP and I M of a t• or 2• alcohol (methanol, ~t-butyl alcohol, 
ilopropyl alcohol. or benzyl alcohol) . The 10lution was electrolyzed in 
a three-compartment electroc:bemical cell at a BPG anode at + 1.40 V 
ws. A&/ A,CI until the aurent bad doc:ayed to <5% of its initial value and 
TLC indicated that the reaction was complete. The anolytc: was traru· 
ferred to a beaker, aDd 6S mL of ether was alowly added. The precipi
ll.ted TBAP was reD'IOYed by rtluation, and the aolvents were evaporated 
from the filtrate . The resultina oil was diuolved iD 2S mL of acetone, 
ud the product was precipitated by addition of SO ml. of H 10 . Tbc dark 
blue product wu redissolved in CH1CI1, dried om' M,S04• and pre
cipitated with heune: yield 30 1111 (72%) . Anal. Calcd for 
Catfi 16CI4N.060.: C. 38.44; H , 1.99; N, 6.90. FouDd: C, 38.41; H . 
2.06; N , 6.88. 

MeciiM ~ 0.(,'-CHBA-ethylene)(py), (7) (8 mJ) was diaaotved in 
10 mL of CH1CI1 containina 0.1 M TBAP aDd O.S M iaopropylalcobol. 
The aolution was electrolyzed acc:ordina to the prtl()edure dacribed in 
method a to Jive the delired product, 9 , aDd a trace of 9' . 

Several experimenu were performed iD which 9 was prepared from 
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J mM 5 ud 0.5 M benzyl alcobol and the product aolution was analyzed 
by HPLC for bat.zyl c:tber. Tbe HPLC analyw.cs were performed on an 
IBM LC/9533 tcmary Jr&diatt liquid c:hromatCJITipb equipped with an 
ocudec:yl oolumD and a 2S4-Dm UV detector. Tbe column was eluted 
with either ethanol/water (4:1) or isopropyl alcohol / water (3:2). Com· 
pariaon of peak reta~tioll timea with thole of an authentic: aample of 
balzyl ether iadicated that iD •c:h cue between I and 3 equiv of benzyl 
ether was detected. 

O.(tr'·F..cHBA)rn.-(py), (9').' MttW L 0.(,•-CHBA·Et)· 
(py), (5) wu oxidized by the aame method Uled in the synthesis of 9 
acept that the CH1CI1 contained I M rm-butyl alcohol or I M tm· 
amyl aJoobol or was aatliTated with water; TLC iDdicated that the product 
wu formed iD lliah yield, but difficulty in purification and isolation 
produced a low yidd (<30%) of the dark bh&e product: 1H NMR (Table 
1). Anal. CaJcd for Catfi 16CJ..N.060.: C, 38.44; H . 1.99; N. 6.90. 
FouDC!: C, 31.63; H. 2.16; N, 6.79. 

MecW ~ 0.(,•-CHBA·Et)(py), (5) (8 ma, 0.01 mmol) was dis· 
IOived in 10 ml. of CH1CI1 containin& O.S M methanol and 2 M tri· 
ftuoroaoetic: acid . To tbia aolution wu added a 0.1 M CH 1CI1 10Iution 
of t.etrabutylammollium periodate wbic:b had been prepared from tetra· 
blltyla.mmoaium hydroxide and periodic ac:icl . TLC apin indicated tha t 
9' was produced in bi&b yield. 

0.(t~4-0DA·Et)(t-Jt.py), (5). K1(0s(,•-CHBA-Et)(O),J-(H 20 ). 
(3) (O.S40 &) was dillolwd in IS ml. of •rm-butylpyridinc and 20 ml 
of H 10 . TripbenylpbolphiM (0.445 a. 2.5 equiv) was added to th is 
illborrqeneou& IOiution, and the resultant reaction mixture was treated 
u delcribed foe tbe unaubatituted pyridine adduct of 5. This procedure 
yielded O.SOS 1 (14% buecl on 3) of product as a dark blue microc:rys· 
talline 10lid. An analytical aample was obtained by purification on a 
preparatory TLC plate uain& CH1CI1/THF (3:2) followed by rc:crys· 
tallization fTom CH~IJpc:ntane : 1H NMR (Table I) . Anal. Calc:d for 
C,.H,.CJ..N.O.Os: C, 4S.S4; H, 3.83; N , 6.26. Found: C, 4S .S6; H . 
3.13; N , 6.23 . 

01(,•-CHBA....,..,)(t--..,.), (7). 0.(,•-CHBA-Et)(t-Bupyh (5) 
(100 ma) was heated on ailica ael as described for the unsubstttuted 
pyridine adduct of 7. Tbc product was removed from the silica as a 
bri&ht yel~ t.nd by elution with CH1CI1facetone (9:1). Three: fra c
tiona were collected as before and f'CICI)"5tallizat ion from CH1CI1 yielded 
the product as a very dark brown microcrystalline 10lid: yield 6 1 mg 
(61%). Anal. Calod for C14HnCl.N40 40.: C, 45 .75; H, 3.61 ; N, 6.28 . 
Found: C, 4S.S3; H. 3.63; N , 6.18. 

O.(tr'-Fo-CHBA)·df-(1·-..,.h (9). 0.(,•-CHBA·Et)(r-Bupyh (5) 
(SO ma. O.OSO mmol) was oxidized in the presence of methanol or iso
propyl alc:obol in the same manner used for the pyridine adduct of 9. The 
product, which was ilolated as before, contained significant amounts of 
tbe traM ilomer, t'. Tbc two compounds were .eparated on a preparative 
nc plate (2000 I'm. ailica ,el) by elution with CH1CI1/ THF (30: I) 32 
1111 (62%) of 9 was ilolated as a dark blue powder from CH 2CI1/ he:une . 
An analytical umple was obtained by slow crystallization from 
CH~I1/be:une : 1H and 1lC NMR (Tables I and II ). Anal. Calc:d for 
C,.HJ1CJ..N40 60.: C, 44.15; H, 3.49; N, 6.06 . Found: C, 44.07; H . 
3.68; N , S.76. 

O.(tr'·Fo-CHIIA)-n.·(t· ... Yh (t'). Medtod a. Os(,•-CHBA
Et)(t·Bupy), (5) (2S m&) was oxidized in tbe prcsenc:e of O.S M ttn-butyl 
alcohol with use of the aame procedure as for the pyridine adduc:ts of 9 
ucl t'. TLC abowed that the reaction was c:lean and that the product 
was formed in biJb yield. Tbc biJb solubility of the dark blue compound 
led to a muc:h lower yield of iiOiated material after recrystallization from 
boilina c:yc:lobeune: yield ISm& (58%); 1H NMR (Table 1). Ana l 
Calcd for C14HllCJ..N.O,O.: C, 44.15; H , 3.49; N, 6.06. Found: C. 
44.02; H , 3.53; N , S.93 . 

Mldlo4 ~ Compound t' wu formed as a minor product in the above 
syntheais of 9. Tal mi.U.iJra.ms (19%) oft' were l'flCOIIered from the TLC 
~q~aration of the two ilomers . 

l:;t(0.(11•-CHBA-DCB)(O):] (10). K1(0.(0H ). (0 ),) (1 .345 g. 3.65 
mmol) was diaaolved in I SO mL of warm methanol, and the solution was 
tben bubbled with N 1 for 30 min. H 4CHBA-DCB (2 .00 g. 3.60 mmol l 
was dilaolved in 100 ml. of THF and also bubbled with N 2 for 0.5 h The 
blue oamate aolution was added to the lipnd solution at room tempera· 
tW"C immediately produc:ina the deep oraJige color indicative of product 
formation . Tbe 10lution was atirred for 10 min under N 1 and then 
enporated to dryneas. Tbc product was diaaolved in a minimum of TH F. 
filtered , and dried over molc:c:ular sieves. Addition of he:une followed 
by removal of THF yielded the produc:t as a brown mic:rocryst.alline sohd 
NMR indicated the presence of I .S molc:c:ules of H 20 per molecule of 
oamplex: yield 2.620 g (86%); 1H NMR (Table 1): IR (N ujol) 820 cm-' 
(v a, • .. (0.01)) . Ana l. Calcd for C~6Cl6K 2 .,...l060s· I.S ( H 20 ) : C, 
27.40; H , 1.01 ; N, 3.20. Found: C, 27 .60; H . 1.03; N . 3.19. Incorpo
ration or 1'0 was effected by dissolving the complex in dT)' THF, adding 
aau H 1

1'0, aDd plac:ina the 10lution under N 1 for 3 days: IR (NuJol) 
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782 em· ' (v s, r10(0s 1'<>z)) . 
0.(,4-CHBA-0CB)(P,.1h (11). To a SG-ml Erlenmeyer flask with 

a stir bar were added K2[0s('I4·CHBA-DCB)(Oh) (10) (221 ma. 0.260 
mmol) . triphenylphosphine (4SO ma). ca. S ml of trifluoroacetic acid, 
and 10 mL of THF. Tbe oran1e 50iution wu heated until most of the 
THF bad evaporated and 1 dark arcen molten tripbenylpbolphiJX mix
ture remained (ca. 10 min) . After coolin&. the mixture was d.iuolved in 
10 mL of CH2CI2 and the 10lution wu placed on a short ailica ael 
column. Elution with CH2CI2 removed the product u a JfCC11 band. 
Addition of hexane followed by removal of CH2CI2 yielded the product 
as a dark areen crystalline 10lid. yield 236 1111 (72%); 1H NMR (Table 
1) . Anal. Cak:d for C,.H.,.Ci.N10 40.Pf C , 53.14; H. 2.17; N, 2.21. 
Found: C, 53 .33; H . 2.94; N , 2.22. 

0.(,.4-CHBA-DCB)(t-... y)(P~1 ) (1%). 0.(,4-CHBA-DCI)· 
(PPh1h (I I ) (75 ma; 0 .0593 mmol) was diaolved in SO ml or CH1CI2. 

Addition of 4-tm·butylpyridine followed by beatin1 under reflWI for O.S 
h produced a color cbanae from dark JfCC11 to liJht blue . Removal of 
10lvenu followed by rec:rystalliz.ation from CH1CI2fbeune yielded the 
product u a dark blue crystalline 10lid. NMR showed the praence of 
0 .5 molecule of beune per molecule or complex: yield 58 ma (86~) ; 1H 
NMR (Table 1) . Anal. Calcd for C4,H>OC4N 10.0.Nl.5(C6H 14) : C , 
50.82; H . 3.50; N. 3 .56. Found: C, 50.72; H. 3.51 ; N, 3.53 . 

0.(,•-CHBA-OCB)(t·-h (13). 0.(,4-CHBA-OCB)(PPb1h (IJ) 
(200 ma. 0.158 mmol) was dissolved in 20 ml of neat t·Bupy . Tbe 
lolution was heated under reflWI for IS min durin& which time the color 
cban&ed from dark arcen to very dark blue. almost black. Tbe t· Bupy 
was removed under vacuum and the crude product recrystallized from 
CH1Cilfheune. This yielded the pure product u a very dark c:ryatalliJX 
solid . NMR showed the presence of 0.25 molecule of hexane per mole
c:ule of complex: yield 108 ma (68~); 1H NMR (Table 1). Anal. Calcd 
for C•H12C4N40.0..0.25 (C.H 14) : C, 45.92; H, 3.46; N , 5.42. FOUDd: 
C. 46.20; H . 3.52; N, 5.37 . 

O.(,•-OfBA-OCB)(t-·NC)z (14). K2[0.(,4-CHBA-DCB)(01)) 

(18) (120 ma. 0.13S mmol), tripbenylpbolphine (90 m&. 2.S equiv), and 
tm-butyl iaocyanide (0.20 mL, 12 equiv) were diuolved in 10 ml of 
THF and heated under reflux for 1.2S h. Tbe solutioa was evaporated 
to dryness and tbe oranae residue diuolved in CH 2CI1 and transferred 
to tbe top of a sbort silica ael c:olwnn. Tbe phosphiDe was removed by 
elutina with 300 ml of CH2CI1, and the briJht oraqe 0.(111) inter· 
mediate was then removed with THF/acetone (1 :1). Tbia solution was 
concentrated and then treated with a dilute Br2/THF solution at room 
temperature. Tbe oxidation to the blue O.(IV) product was followed by 
nC, and UJXln completion the reaction mixture was evaporated tO dry
ncas. Tbe crude product was disaolved in S ml of CH1CI2 and puacd 
down a short silica ael column with CHzCI1. Additioa of bc:une followed 
by removal of CHzCI1 yidded the product as a dark blue crystalline aoiid: 

yield 20 1111 (16~) ; 1H NMR (Table 1). Anal. Calcd for 
C,.H:~o~Cl.N.040. : C, 39.71 ; H, 2.67; N, 6 .17. Found: C, 39.75; H , 
2.70; N, 6.19. 

0.(1!4-CHBA-DCB)(IIpy) (15). 0.(t~•·CHBA-DCB)(PPh1h (II ) 
(120 ma. 0.09S mmol) and bipyridiJX (210 ma. 1.34 mmol) were dis
ICWed in toluene (10 ml) and heated under reflllll for 0 .5 h durin& which 
time the color darkened. Tbe cooled solution was placed on a short silica 
tel column and eluted with exceu CH2CI2 to separate the product from 
atart.ina material and 62 ma (78~) of product was isolated and recrys
tal.liz.cd from CH1CI2/ beune. Crystals for X-ray analysis were arown 
by vapor diff~&~ioc anpk)yiq CH2CI2/EtOH. 
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