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Half-sandwich cyclohexadienyl ruthenium complexes were synthesized by replacement of the

naphthalene ligand in the readily available complex [(n°>-CsHaMes)Ru(n®-CioHs)] .
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Abstract

Reactions of the cyclohexadienyl ruthenium compler-CsHsMes)Ru(CioHsg)]* (1) with 2-
electron ligands L lead to replacement of the naglbhe ligand with formation of the half-
sandwich complexes 1{-CsHsMes)RuLs]" (L MeCN, '‘BuNC, P(OEt), 1,3,5-triaza-7-
phosphaadamantane). Similar reactions with P(@Me)dppe in the presence of GJive the

neutral complexesnt-CsHaMes)Ru(P(OMe)).Cl or (n>-CsHsMes)Ru(dppe)Cl, respectively.
Cation1 also exchanges the naphthalene ligand for otharearproducing the corresponding
sandwich compoundst{-CsHsMes)Ru(arene)] (arene = @Hs, 1,4-GHa(OMe),). Complex1
catalyzes cyclotrimerization of N,N-di(propargyBtdamide with 1-octyne or 4-pentynol, but
less effectively than [CpRuggHg)]”. The mechanism of the naphthalene replacemehtwas

studied by DFT calculations.

Keywords. Cyclohexadienyl / Ruthenium / Naphthalene / Cyahogrization / Alkynes / DFT

calculations

Introduction

Cyclopentadienyl ruthenium complexesRe)Rul,X and [(GRs)RuLs]” are widely used
in organometallic synthesis and catalysis [1]. Althh analogous cyclohexadienyl complexes
can find similar application, their chemistry istaloly less developed. Several compounds with
the unsubstituted cyclohexadienyl ligand f2)Ruls]” were obtained by nucleophilic addition
of hydride to the corresponding benzene complex@s Complexes with 6,6-dimethyl-
cyclohexadienyl ligandnf-CsHsMe,)RuL,Cl have been synthesized by reaction of the safmwic
compound §°>-CsHsMe,),Ru with HCI followed by addition of 2-electron ligds L [3]. Similar
reaction of §>CsHsMe,),Ru with HBF, in MeCN has given cationic complex nff
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CsHsMez)Ru(MeCNY]", in which two acetonitrile ligands can be repladed PMe or dppe.
Some related pentadienyl compounds were also autaloy this protonation-substitution
approach [4]. To the best of our knowledge, thealgt activity of the cyclohexadienyl

complexes was not investigated.

Recently it has been shown that the cyclopentatieruthenium complexes
(CsRs)RUL2X, [(CsRs)Ruls]™ and [(GRs)Ru(arene)] can be conveniently synthesized by
replacement of the naphthalene ligand in the catioomplexes [(€Rs)Ru(CioHg)]™ [5,6,7].
Herein we describe a similar synthesis of the dyekadienyl complexes by naphthalene
replacement in the readily available catio{CsHsMes)Ru(CioHs)]* [8]. DFT calculations on
the mechanism of naphthalene replacementas well as investigation of the catalytic activity
of 1 are also reported.

Results and Discussion

We found that cation §P-CsHaMes)Ru(CioHg)]” (1) reacts with 2-electron ligands L
giving cationic complexes 1f-CsHsMes)Ruls]” (2a—d; L = MeCN, 'BuNC, P(OEt), 1,3,5-
triaza-7-phosphaadamantane) in 68-97% vyields (SetidmThe reaction rate depended on the
ligand size: small MeCN an®uNC reacted at room temperature, while heatin§0atC was
required for bulky P(OE$)and 1,3,5-triaza-7-phosphaadamantane. Even mdkg bgands,
PhP and PkSb, replaced naphthalene ligandlinat 60 T giving mixtures of unidentified
products instead of the expected tris-ligand corgag9]. Regardless the nature of the ligand,
the naphthalene replacement inproceeded faster than in its cyclopentadienyl cyne
[CPRU(GoHg)]" [5a, 6b]. This tendency was previously observedditer dienyl complexes
[(n°-CeH7)RU(CoHs)]* [10] and [§°-CsH1z)Ru(CuoHg)] ™ [11].

" All cationic complexes described in this paperaveplated and used as salts withy Rffions.
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Cation1 also reacted with chloride anion in the preserfd@(@Me) or dppe in CHCI,
at room temperature giving neutral complex@s-GsHsMes)Ru(P(OMe)).Cl (3a) or (-
CsHsMe,)Ru(dppe)Cl 8b), respectively. The conversion df into 3a,b was quantitative
according to'H NMR, but the isolated yields were only ca. 60%csi high solubility of the
products led to losses during work-up.

The naphthalene ligand in cati@rcan be exchanged for 6-electron ligands,benzene,
1,4-dimethoxybenzene or cycloheptatriene, providiomplexes [{>-CsHsMes)Ru(GsHe)]* (4a),
[(n>-CsHaMes)Ru(1,4-GH4(OMe))]*  (4b) or [m>-CeHsMey)Ru(CHg)]* (5), respectively
(Scheme 2). The replacement of naphthalene by henmeacetone solution was slow at room
temperature (50% conversion in a week) and reaspfegi at 60 °C (100% conversion in 24 h).
However, similar reaction with a sterically hindérelurene did not reach the complete
conversion even after 96 h of heating at 60 °C.afteampt to accelerate the reaction by visible
light irradiation was unsuccessful. Therefore, vmaiuded that the arene complexeg™|(
CesHsMes)Ru(arene)] are more conveniently prepared from dimethyloesagi ruthenium
chloride [(-1*n®Ci0H1e)RUCK], [8] rather than fromi.
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All new compounds were characterized'byand**C NMR spectra as well as elemental
analysis. The structures of complex2d]PFs; and3a were established by X-ray diffraction (Fig.
1 and 2). The coordination of the cyclohexadiemyamd in the chloridea is unsymmetrical
apparently due to the trans-influence of the phisgdigand. In particular, the Rul-C6 bond
(2.358 A), which is located opposite to the P2 at@monger than the formally equivalent Ru—
C2 bond (2.203 A). More symmetrical coordinatiorsvedserved for the cyclohexadienyl ligand
in 2d where the Ru—-C bonds had fallen into a narroweaf®.260-2.281 A.




Fig. 1. The structure of compleXd]PFs in 50% thermal ellipsoids. All hydrogen atoms &he
counter-anion are omitted for clarity. Selectedeiatomic distances (A): Rul-C1 2.281(4),
Rul-C2 2.260(4), Rul—-C4 2.274(4), Rul-C5 2.263%4)—C6 2.261(4), Rul-P1 2.3054(10),
Rul-P2 2.3018(10), Rul-P3 2.3271(10).

Fig. 2. The structure oBa in 50% thermal ellipsoids. All hydrogen atoms ameitted for clarity.
Selected interatomic distances (A): Ru1-C2 2.203R4)1-C3 2.183(4), Rul-C4 2.217(4), Rul—
C5 2.290(4), Rul-C6 2.358(4), Rul-P1 2.2654(11)-R@& 2.2448(10), Rul—Cl1 2.4556(10).

It has been recently shown that the cyclopentadlirrtifenium naphthalene complexes
[(CsRs)Ru(CioHg)] " are efficient catalysts for various transformasiasf alkynes due to their
ability to generate active species JRg)Ru]’ [5a,6b,12]. In contrast, we found that the
cyclohexadienyl complexe$ and 2a were generally inactive in such catalytic readiom
particular, they did not promote Alder-ene reactmmiween 3-hexyne and N-tosyl-allylamine
[13], addition of acetic acid to phenylacetylend,[5], as well as anti-Markovnikov hydration
of phenylacetylene in the presence of bipyridin2b]1 In the presence of Chnion complext
catalyzed cyclotrimerization of N,N-di(propargyBtdamide 6) with 1-octyne or 4-pentynol
giving isoindoline derivativesa,b in good vyields (Scheme 3). However, compared ® th
cyclopentadienyl analogue [CpRug8s)]*, higher loading of catalysi (5%) and longer

reaction times (2—6 h) were required to achievieciuhversion ob.
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It was mentioned above that the naphthalene replace in the cyclohexadienyl
complexes [i§>-CsHsRs)Ru(CioHg)]* (R = H, Me) proceeds faster than in the cyclopgietayl
analogue [CpRu(GHs)]”. We have studied the mechanism of naphthalenexaepient by
MeCN in the parent complexes nftCsH7)Ru(CiHg)]® and [CpRu(GeHs)]® by DFT
computation. Figure 3 shows the intrinsic reacttmordinates (IRC) for the primary step, at
which these species are attacked by the first Me@i\ecule. This step has maximal activation
energy, since it is changes the coordination mddeeonaphthalene ligand fronf in complex
to n* in transition statél'S and intermediatéM (Figure 4). It is in accordance with general
tendency established earlier both experimentaléj Hind theoretically [6b] for chromium and
ruthenium naphthalene complexes. The activatiorrggnef naphthalene replacement in the
cyclohexadienyl complex is considerably lower thianthe cyclopentadienyl analogue (Table
1). These results correlate with previous EDA dalitons [8] indicating that stronger Rughy

bond (vs Ru-Cp) leads to weaker Ru—arene bonddiolugxadienyl complexes.
209 AE (kcal mol™)

000 Ru(CH
154 (CHy)
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Figure 3. Intrinsic reaction coordinates for the primarypstef naphthalene replacement by
acetonitrile in [°-CsH7)Ru(CioHs)] " and [CpRu(GoHg)]* (at PBE/L2 level).



Figure 4. Optimized structures of the transition stdi® (above) and the intermediat®/l
(below) for the primary step of naphthalene replaeet by acetonitrile in cation r{f-
CeH7)RU(C10H3)]+ (at BPBE/L2 Ievel).

Table 1. Activation enthalpiedH, and free energie§&, for the primary step of naphthalene
replacement in f{>-CsH7)Ru(CioHs)]* and [CpRu(GoHs)]" complexes by MeCN. Energies are
given at BPBE/def2-TZVPP//BPBE/L2 level with PCMhsattion energy corrections for MeCN
(in kcal mol™ at 298.15 K).

Complex H, | G,
[(n°-CsH7)RU(CicHg)] " | 16.6| 26.2
[CpRU(GcHs)]" 20.7| 31.5

Conclusion

To conclude, we have developed a general methodtHer synthesis of various
cyclohexadienyl ruthenium complexes via naphthales@acement in the readily available

cation [(rf_’-CﬁHe,MeLl)Ru(Clng)]+ (1). Both experiment and computation indicate thag th
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naphthalene replacement in the cyclohexadienyl éexep is faster than in cyclopentadienyl
analogues. At the same time the catalytic actigityl in alkyne transformations is lower than
that of [CpRu(GoHs)] ™.

Experimental section

General

All reactions were carried out under argon in ambyd solvents, which were purified and dried
using standard procedures. Isolation of products eanducted in airH, *C and*P NMR
spectra were measured with a Bruker Avance 400trgpeeter at 20°C from [E)-acetone
solutions of complexes, unless otherwise statedn@lex [1]PFs was synthesized according to
the published procedure [8].

Synthesis of [ (7°-CsHsMes)Ru(MeCN)s] PFs ([ 2a] PFe)

A solution of [l]JPFs (51 mg, 0.10 mmol) in acetonitrile (1 ml) was @ overnight. Then
hexane (10 mL) was added to extract the liberaggzhtihalene. The mixture was vigorously
stirred for 5 minutes and the upper phase of thbdsic system was removed. Another portion
of hexane (10 ml) was added to a reaction mixttneas left stirring for 5 hours. This process
was repeated twice. After a total of 44 h stirritlge acetonitrile solution was evaporated in
vacuum and the resulting green-yellow solid washsdswith hexane (3x5 mL) to givéd|PFs

as a yellow-green solid (38 mg, 0.075 mmol, 76%dyidn order to avoid possible oxidation of
[2a]PFs its isolation was carried out under argon atmospnhe

'H NMR (400 MHz, CBCLy): 6 = 5.23 (s, 1H, gHsMes), 2.17 (s, 2H, gHsMes), 2.12 (s, 9H,
MeCN), 1.65 (s, 6H, Me), 1.32 (s, 3H, Me), 0.2934, Me).*C NMR (101 MHz):5 = 99.28,
70.20, 44.25, 37.52, 27.65, 19.76, 2.MeCN). Anal. Calc. for GH,4FsNsPRu: C 38.10, H
4.80; found C 38.24, H 4.57.

Synthesis of [ (7°-CsHsMes)Ru('BUNC)3] PFg ([ 2b] PFe)
A solution of [L]PFs (20 mg, 0.04 mmol) an®uNC (0.224 mL, 2.00 mmol) was stirred in THF
(2 ml) for 24 hours. The solvent was evaporatee résidue was dissolved in gEl,; and eluted
through a short alumina column (3 cm) with acet@#&Cl, mixture (1:1). Resulting solution
was evaporated, the residue was washed wiD-géntane mixture (1:1) and reprecipitated from
CH.Cl; by EtO-pentane mixture (1:4) to give white crystals 2]PFs (20 mg, 0.032 mmol,
84% yield).
'H NMR (400 MHz):8 = 5.81 (s, 1H, €HsMe,) 3.12 (d,J = 1 Hz, 2H, GHsMey), 1.94 (s, 6H,
Me), 1.59 (s, 9H!Bu), 1.37 (s, 3H, Me), 0.55 (s, 3H, MéfC NMR (101 MHz):8 = 143.26
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(CN), 122.20, 112.82, 78.67, 61.8C\es), 37.09, 35.76, 34.39, 25.27, 21.26M&). Anal.
Calc. for GsHaFeNsPRUXCHCI,: C 43.64, H 6.20; found C 43.86, H 6.07.

Synthesis of [ (7°-CsHsMes)Ru(P(OEt)s)s] PFs ([ 2¢] PFe)

A solution of [L]PFs (25 mg, 0.050 mmol) and P(OE(D.05 mL, 0.30 mmol) in acetone (2 ml)
was heated at 60 °C for 10 hours. The solvent wapagated and the solid was washed with
Et,O (2x7ml). The residue was dissolved inLH, filtered through a piece of cotton wool and
reprecipitated from C}Cl, by petroleum ether to giveg]PFs (30 mg, 0.034 mmol, 68% vyield)
as white solid.

'H NMR (400 MHz):5 = 5.52 (s, 1H, €HsMey), 4.18 (dtJ = 7, 5 Hz, 18H, OCbCHs), 2.96 (s,
2H, GH3Mey), 2.02 (s, 6H, Me), 1.36 (s, 3H, Me) 1.33Jt5 7 Hz, 27H, OCKCHj), 0.49 (s,
3H, Me).*’P NMR (162 MHz):5 = 137.93 (s), —144.05 (sept= 708 Hz, PE). *C NMR (101
MHz): 6 = 113.71, 80.69, 62.60 — 62.07 (m), 37.55, 362Z®31, 15.50. Anal. Calc. for
CogHgoFsOgP4sRU: C 38.23, H 6.87; found C 37.92, H 6.88.

Synthesis of [ (7°-CsHsMes)Ru(1,3,5-triaza- 7-phosphaadamantane)s] PFg ([ 2d] PFe)

A solution of [Ll]PFs (25 mg, 0.050 mmol) and 1,3,5-triaza-7-phosphaaddame (39 mg, 0.25
mmol) in acetone (2 mL) was heated at 60 °C fohdlrs. The solvent was evaporated and the
solid was washed with ED-petroleum ether mixture (1:1). The residue wassaved in
acetone, filtered through a piece of cotton woal agprecipitated from acetone by petroleum
ether to give 2d]PFs (41 mg, 0.048 mmol, 97% yield) as white solid.

'H NMR (400 MHz):6 = 6.01 (s, 1H, €HsMey), 4.66 (d,J = 13 Hz, 9H, CH), 4.54 (dJ = 13
Hz, 9H, CH), 4.25 (s, 18H, Ch, 3.09 (s, 2H, gHsMey), 2.28 (s, 6H, Me), 1.48 (s, 3H, Me),
0.51 (s, 3H, Me)*'P NMR (162 MHz):5 = —42.99 (s), —144.05 (se@,= 708 Hz, PE). °C
NMR (101 MHz):6 = 108.80, 81.64, 72.32, 57.76 (m), 55.07 (m), B9Z4..89. Anal. Calc. for
CaogHs1FeNoPsRU: C 39.44, H 6.03; found C 39.98, H 6.31.

Synthesis of (;°-CsHsMes)Ru(P(OMes),Cl (3a)

A solution of fl]JPFs (51 mg, 0.10 mmol), P(OMg)0.1 mL, 0.80 mmol), and [EXIBNn]CI (23
mg, 0.10 mmol) in CKCl; (2 mL) was stirred overnight. The solvent was evated, the residue
was dissolved in CHCl, and eluted through a short alumina column (3 cnth wetroleum
ether-CHCI, mixture (1:1). Resulting solution was evaporatad the residue was washed with
cold pentane (2 ml) to givéa (30 mg, 0.058 mmol, 58% yield) as yellow solid.

'H NMR (400 MHz): 8 = 5.45 (s, 1H, €HsMes), 3.73 (m, 18H, OMe), 2.49 (br. s, 2H,
CeHsMeys), 1.79 (s, 6H, Me), 1.22 (s, 3H, Me), 0.42 (s, 8k¢). 1°C NMR (101 MHz):5 = 79.84
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(m), 52.38, 37.07, 35.83 (m), 27.78, 20.8® NMR (162 MHz, CDGJ): & = 153.23 (s). Anal.
Calc. for GgHaaClOsP.Ru: C 36.96, H 6.40; found C 36.95, H 6.42.

Synthesis of (;°-CsHsMey)Ru(dppe)Cl (3b)

A solution of [l]PFs (51 mg, 0.20 mmol), dppe (40 mg, 0.10 mmol), aBENBN]CI (23 mg,
0.10 mmol) in CHCI, (2 mL) was stirred overnight. The solvent was @ratfed and the residue
was extracted with ED (2x3 ml). Yellow extract was evaporated and #sdue was washed
with cold pentane (2 ml) to givgb (42 mg, 0.063 mmol, 65% yield) as bright yellovicdo

'H NMR (400 MHz):5 = 7.98 (s, 4H, Ph), 7.41 (m, 6H, Ph), 7.37 (m, BH), 7.33-7.25 (m, 4H,
Ph), 5.91 (br. s, 1H, ¢EisMe,), 2.98 (dd,J = 13, 6 Hz, 2H, dppe), 2.39 (br. s, 2HHzMey),
2.14 (br. s, 2H, dppe), 1.42 (s, 6H, Me), 1.18&, Me), 0.43 (s, 3H, Mef’P NMR (162 MHz,
CDCl3): 6 = 68.71 (s). Anal. Calc. forggHzCIP,Ru: C 64.52, H 5.87; found C 65.06, H 6.02.

Synthesis of [ (7°-CsHsMes)Ru(CsHs)] PFs ([4a] PFe)

A solution of [L]JPFs (51 mg, 0.10 mmol) and benzene (0.027 ml, 0.30 lhmaacetone (3 ml)
was heated at 60 °C for 24 hours. The solvent wapagated, the residue was dissolved in
CH.Cl; and eluted through a short alumina column (3 crnith acetone-CkHCl, mixture (1:1).
Resulting solution was evaporated, the solid washed with EXO (3x5 ml) and reprecipitated
from CH,CI, by EtO to give white microcrystals ofl§]PF; (38 mg, 0.083 mmol, 83% yield).

'H NMR (400 MHz):5 = 6.62 (s, 1H, gHsMey), 6.36 (s, 6H, €Hg), 3.71 (s, 2H, gHsMey), 1.99

(s, 6H, Me), 1.31 (s, 3H, Me), 0.41 (s, 3H, Me)eTpectrum is similar to that described in ref.
[8].

Synthesis of [ (7°-CsHsMes)Ru(1,4-CsHa(OMe),)] PFg ([ 4b] PFg)

A solution of [lJPFs (44 mg, 0.090 mmol) and p-dimetoxybenzene (36 g7 mmol) in
acetone (3 ml) was heated at 60 °C for 24 hours.sbivent was evaporated and the solid was
washed with diethyl ether (3x2ml). The residue wassolved in CHCI,, filtered, and the
product was crystallized by slow diffusion of,@tvapors into solution to give white crystals of
[4b]PFs (25 mg, 0.048 mmol, 55% vyield).

'H NMR (400 MHz):5 = 6.60 (s, 1H, gHsMe,), 6.22 (s, 4H, €Ha), 3.90 (s, 6H, OMe), 3.47 (s,
2H, GsHsMey), 1.90 (s, 6H, Me), 1.34 (s, 3H, Me), 0.42 (s, Bie). *C NMR (101 MHz):8 =
134.49, 101.13, 88.18, 75.74, 56.76, 54.21, 3B2&4, 19.84. Anal. Calc. for;gH,5Fs0.PRu:

C 41.62, H 4.85; found C 40.97, H 4.96.

Synthesis of [ (;°-CsHsMes)Ru(C7Hs)] PFs ([ 5] PFe)

10



A solution of [l]PFs (51 mg, 0.10 mmol) and cycloheptatriene (0.031G80 mmol) in acetone

(3 ml) was heated at 60 °C for 24 hours. The solwe&s evaporated and the solid was washed
with Et,O (3%x2 ml). The residue was reprecipitated fromyClkiby EtO to give yellow crystals

of [5]PFs (44 mg, 0.093 mmol, 94% vyield).

'H NMR (400 MHz):8 = 6.40 (br. s, 2H, &g ), 6.25 (s, 1H, gHsMey) 5.80 (br. s, 2H, @Hg),
4.09 (br. s, 2H, €Hg), 3.95 (s, 2H, 6HsMey), 3.21 (m, 1H, GHg), 1.86 (s, 6H, Me), 1.67 (m,
1H, CHg), 1.24 (s, 3H, Me), 0.47 (s, 3H, MéfC NMR (101 MHz):8 = 107.21, 98.63, 96.40,
88.04, 60.44, 42.71, 38.35, 34.15, 28.06, 22.9871Anal. Calc. for gH.3FPRu: C 43.13, H
4.90; found C42.63, H 5.01.

Cyclotrimerization of Diyne 6 with 1-octyne

To a solution of JJPF (5 mg, 0.01 mmol), [ENBn]CI (2.3 mg, 0.01 mmol), and 1-octyne
(0.117 ml, 0.80 mmol) in C¥Cl, (1 ml) a solution of diyné50 mg, 0.20 mmol) in C}Cl, (1
mL) was added dropwise within 30 min. The reactirture was stirred for 6 h. After complete
consumption of diyn¢by TLC), the solvent was evaporated, and the cprdduct was purified
by flash column chromatography on silica gel (geatlelution with hexane-EtOAc, from 10:1 to
1:1) to afford pure isoindoline derivativa (58 mg, 0.16 mmol, 80% vyield).

'H NMR (400 MHz, CDCJ): 6 = 7.76 (dJ = 8 Hz, 2H, Ts), 7.30 (dl = 8 Hz, 2H, Ts), 7.07 (d

= 8 Hz, 2H, CH),7.04 (d] = 8 Hz, 2H, CH), 6.97 (s, 1H, CH), 4.58 (s, 4H, £}}2.55 (t,J = 7
Hz, 2H, CH), 2.40 (s, 3H, Ch), 1.55 (m, 2H, CH), 1.27 (m, 6H, CH), 0.87 (t,J =7 Hz, 3H,
CHg). The spectrum is similar to that described in [ET].

Cyclotrimerization of Diyne 6 with 4-pentynol

To a solution of IJPFs (5 mg, 0.01 mmol), BNBNnCI (2.3 mg, 0.01 mmol), and 4-pentynol
(0.074 ml, 0.8 mmol) in CCl, (1 ml) a solution of diyn€¢50 mg, 0.20 mmol) in C4Cl, (1 ml)
was added dropwise within 30 min. The reaction orxtwas stirred for 2 h. After complete
consumption of diyn¢by TLC), the solvent was evaporated, and the cprdduct was purified
by flash column chromatography on silica gel (geatlielution with hexane-EtOAc, from 9:1 to
1:1) to afford pure isoindoline derivative (57 mg, 0.17 mmol, 86% yield).

'H NMR (400 MHz, CDCJ): & = 7.75 (dJ = 8 Hz, 2H, Ts), 7.30 (d, = 8 Hz, 2H, Ts), 7.06 (br.
s, 2H, CH), 6.99 (br. s, 1H, CH), 4.56 (s, 4H,L8.62 (t,J = 6 Hz, 2H, CH), 2.72-2.60 (m,
2H, CH), 2.38 (s, 3H, Ch), 1.98 (br. s., 1H, OH), 1.86-1.77 (m, 2H, §HThe spectrum is

similar to that described in ref. [18].
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Crystallographic data

Crystals of Pd]PFs (CogHs1FsNgPsRu x 1.4[CHCI,], M = 971.62) were triclinic, space group P-
1, at 120K: a = 12.6225(5), b = 12.6611(5), c 2864(5) A,a = 88.6570(10)p = 72.6870(10),

y = 68.2030(10) V = 2014.11(13) A Z =2 (Z' = 2), dac= 1.602 g cnT, y(MoKa) = 7.98cm™

! F(000) = 998. Crystals &a (CieH33sClOsP:RuU, M = 519.88) were monoclinic, space group
C2/c, at 120K: a = 16.2380(10), b = 10.2996(6), 5-8352(16) AR = 96.5950(10) V =
4292.2(5) R, 2 = 8 (Z = 1), dac = 1.609 g cni?, p(MoKa) = 10.32cm™, F(000) = 2144,
Intensities of 20883 and 14298 reflections #a|PF; and3a, respectivelywere measured with

a Bruker APEX2 CCD diffractometers\(MoKa) = 0.71072A,0-scans, A<54°]. 8794 and
4674 independent reflections {fR0.0390 and 0.0261] were used in further refinenfent
[2d]PFs and 3a, respectively. The structures were solved by dinreethod and refined by the
full-matrix least-squares technique againétitF the anisotropic-isotropic approximation. The
H(C) atom positions were calculated, and they wefened in the isotropic approximation
within riding model. For 2d]PFs, the refinement converged to wR2 = 0.1634 and GAR206

for all the independent reflections (R1 = 0.0545walculated against F for 7561 observed
reflections with I>2(1)). For 3a, the refinement converged to wR2 = 0.1243 and GAF005
for all the independent reflections (R1 = 0.0446swalculated against F for 4046 observed
reflections with 1>2¢(1)). All calculations were performed using SHELXTL PLB® [19].

Computation details

Geometry optimizations were performed without caaists using PBE and BPBE exchange-
correlation functionals [20], the scalar-relatilastHamiltonian [21], atomic basis sets of
generally-contracted Gaussian functions [22] adérssity-fitting technique [23] as implemented
in a recent version of Priroda code [24]. The @kton triple€ basis set L2 (similar to cc-
pVTZ) [25] augmented by two polarization functionss used [26]. Frequency calculations
were performed to confirm the nature of the statrgrpoints to yield one imaginary frequency
for the transition states and none for the minifitae path of the reaction was traced from the
transition state to the product and back to thetegd by using the Intrinsic Reaction Coordinate
method (IRC) [27]. The Gibbs free energy valuesemebtained from frequency calculation
using BPBE functional, triplé-basis set augmented by two polarization functdelR-TZVPP
[28] and solvent corrections for MeCN according R&EM model [29] as implemented in
Gaussian 09 software [30]. The ChemCraft softwadg jvas used for molecular modeling and

visualization.
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Cartesian coordinates and energiesfor structuresoptimized at PBE/L2 and BPBE/L 2.

[(n°>-CsH7)RU(n®-C1oHg)]*

PBE/L2

BPBE/L2

E =-5149.543778 a.u. E 0 =-5149.287801 a.u.
ZPVE = 0.255977 a.u. = 160.6281 kcal/mol

T =298.150 K: H = 169.8031 kcal/mol,

G = 135.4871 kcal/mol

E =-5149.910251 a.u. E o =-5149.654595 a.u.
ZPVE = 0.255656 a.u. = 160.4266 kcal/mol

T =298.150 K: H = 169.6298 kcal/mol,

G = 135.2675 kcal/mol

-2.35380489 0.31837586 -1.16316602
-2.35384197 0.31832693 1.16315128
-1.48362336 1.44248767 1.22731385
-1.48358119 1.44253843 -1.22727281
-1.07214080 2.04510828 0.00004093
-3.31316043 0.18610840 -0.00002733
-4.13421588 0.92581537 -0.00002548
-1.04100354 1.77396312 2.16688614
-0.35923161 2.86937225 0.00007690
-1.04089241 1.77400805 -2.16681386
-3.76910797 -0.81134970 -0.00005637
-2.54802248 -0.22843912 -2.08728406
-2.54811398 -0.22850827 2.08724533
-0.53946346 -0.09802808 0.00001014
-0.13205977 -2.18396383 0.70772095
0.70622653 -1.27720681 -1.40962777
1.68386413 -0.47619001 -0.72444163
1.68386046 -0.47616466 0.72442976
-0.13206897 -2.18397484 -0.70768325
0.70625030 -1.27719376 1.40964260
2.62185767 0.34649108 1.41544321
3.53052697 1.09794233 0.71078351
2.62183439 0.34647891 -1.41547514
3.53053139 1.09791626 -0.71083556
-0.81826461 -2.82955565 -1.25378260
0.66339970 -1.23720080 -2.49833127
0.66344388 -1.23717570 2.49834647
-0.81824219 -2.82954771 1.25383329
4.26415436 1.70256121 1.24405908
2.62338006 0.34371558 2.50604577
4.26414441 1.70253733 -1.24412847
2.62339143 0.34363558 -2.50607758

I—‘I—‘I—'I—‘I—‘I—'I—‘I—‘CDOOCDCDOOOCDCD_'":I—‘I—‘I—‘I—‘I—'I—‘I—‘OOCDCDOO

-2.36782928 0.30840113 -1.16531808
-2.36788240 0.30828081 1.16531600
-1.50267385 1.43956739 1.22938280
-1.50262531 1.43969952 -1.22923855
-1.09392393 2.04574602 0.00011295
-3.32894502 0.16918773 -0.00003039
-4.15519951 0.90376425 -0.00001157
-1.06411600 1.77548754 2.16960764
-0.38755309 2.87595004 0.00017639
-1.06402888 1.77571372 -2.16941159
-3.77866221 -0.83152304 -0.00009857
-2.56010183 -0.23807571 -2.09040011
-2.56018916 -0.23830328 2.09032977
-0.54578306 -0.09890142 0.00001103
-0.12366418 -2.18856928 0.70882904
0.71211009 -1.27649515 -1.41175104
1.69109623 -0.47250999 -0.72580060
1.69109947 -0.47248820 0.72577204
-0.12370089 -2.18855838 -0.70881436
0.71211672 -1.27646059 1.41174702
2.63478995 0.34801703 1.41804586
3.54862703 1.09637690 0.71210588
2.63495949 0.34774575 -1.41812988
3.54873447 1.09621668 -0.71223183
-0.80551348 -2.83885140 -1.25534353
0.66958919 -1.23895249 -2.50065762
0.66964094 -1.23896006 2.50065693
-0.80545839 -2.83886547 1.25537733
4.28572217 1.69729030 1.24558972
2.63780726 0.34555356 2.50882298
4.28594714 1.69696398 -1.24573976
2.63807622 0.34509038 -2.50890593
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[CpRu(n®-CioHg)]*

PBE/L2

BPBE/L2

E =-5110.275598 a.u. E 0=-5110.047484 a.u.
ZPVE =0.228114 a.u. = 143.1435 kcal/mol

T =298.150 K: H =151.6292 kcal/mol,

G =118.4103 kcal/mol

E =-5110.622792 a.u. E 0 =-5110.395002 a.u.
ZPVE =0.227791 a.u. = 142.9409 kcal/mol

T =298.150 K: H =151.4534 kcal/mol,

G =118.1614 kcal/mol

-2.62466012 0.45857505 -0.71905723
-2.62481562 0.45843875 0.71877701
-1.68568271 1.44768073 1.16112581
-1.68542127 1.44788969 -1.16101124
-1.10547444 2.05192659 0.00018013
-1.45630736 1.69647493 2.19305328
-3.24079723 -0.16858675 -1.35696140
-0.34191280 2.82506271 0.00033344
-1.45585724 1.69692081 -2.19283968
-3.24109169 -0.16883462 1.35643734
-0.65079565 -0.10560396 0.00002193
-0.31589217 -2.17632404 0.71207096
0.55150416 -1.30712587 -1.41769543
1.51293429 -0.49425729 -0.72592021
1.51295813 -0.49420190 0.72591341
-0.31591651 -2.17637631 -0.71188800
0.55156209 -1.30703059 1.41778296
2.44271288 0.34703956 1.41560118
3.33529653 1.11280994 0.71254765
2.44264017 0.34695867 -1.41570433
3.33526180 1.11276712 -0.71274028
-1.02584484 -2.79795070 -1.25560577
0.51297560 -1.26802235 -2.50625691
0.51307972 -1.26784979 2.50634340
-1.02578820 -2.79787265 1.25586005
4.06161515 1.72662319 1.24528703
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-2.63883091 0.44245383 -0.72028964
-2.63887719 0.44244754 0.72023090
-1.70737855 1.44223947 1.16312915
-1.70733187 1.44227748 -1.16312124
-1.13224834 2.05296412 0.00002570
-1.48168247 1.69471968 2.19529377
-3.25062809 -0.18940435 -1.35827774
-0.37765361 2.83509777 0.00005672
-1.48155479 1.69475586 -2.19526847
-3.25066875 -0.18946175 1.35817354
-0.65638488 -0.10654814 0.00000457
-0.30719029 -2.18021761 0.71315883
0.55739344 -1.30501003 -1.41999234
1.52006190 -0.48909723 -0.72728670
1.52011770 -0.48914335 0.72728444
-0.30719789 -2.18022599 -0.71312140
0.55737433 -1.30494972 1.42000725
2.45551881 0.35007363 1.41830223
3.35376855 1.11238196 0.71398298
2.45549433 0.35007793 -1.41831842
3.35375574 1.11238318 -0.71401178
-1.01314941 -2.80654217 -1.25719373
0.51836429 -1.26771794 -2.50873918
0.51842626 -1.26772166 2.50875869
-1.01313565 -2.80650821 1.25726835
4.08376140 1.72232273 1.24695005
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1 2.44932394 0.33686935 2.50611847
1 4.06153767 1.72656791 -1.24555227
1 2.44920463 0.33671538 -2.50622132

1 2.46305296 0.34076062 2.50899228
1 4.08375499 1.72230651 -1.24698994
1  2.46299125 0.34079412 -2.50900886

[(n°-CsH7)RU(N®-C1oHg)]" + MeCN TS1

PBE/L2 v=82.19icm

BPBE/L2 v=80.57icm

E =-5282.238664 a.u. E 0 =-5281.938476 a.u.
ZPVE =0.300188 a.u. = 188.3709 kcal/mol

T =298.150 K: H =200.6511 kcal/mol,

G = 157.4322 kcal/mol

E =-5282.665424 a.u. E 0 =-5282.365562 a.u.
ZPVE =0.299862 a.u. = 188.1662 kcal/mol

T =298.150 K: H =200.4815 kcal/mol,

G = 157.2142 kcal/mol

-1.68077598 -1.23042382 0.59759496
-1.69888834 1.02215952 1.14131989
-1.80428042 1.42188548 -0.22667731
-1.78510644 -0.96367991 -0.80250356
-1.92580559 0.39416419 -1.20278749
-2.33172970 -0.28102511 1.58091817
-3.43691131 -0.28515029 1.56119880
-1.72113432 2.46430609 -0.53324801
-1.94678088 0.64934337 -2.26065495
-1.68727394 -1.75009515 -1.55051397
-2.02343133 -0.52583204 2.60538613
-1.47132929 -2.25829688 0.90090843
-1.50396655 1.80155722 1.88087019
-0.07568944 0.10605080 0.05243201
1.18945087 0.41209228 1.84623389
1.71804036 -1.34141900 0.24862434
2.63716844 -0.48183011 -0.46691714
2.62600784 0.90723981 -0.13157786
1.20052517 -0.96537775 1.51369900
1.69655894 1.33166453 0.89393416
3.47665587 1.79365718 -0.81606567
4.33915537 1.31066900 -1.79043933
3.49866207 -0.94532971 -1.47729220
4.35015024 -0.05798168 -2.12085122
0.76883327 -1.70178196 2.18956620
1.63805551 -2.38511757 -0.05916716
1.59960340 2.39949206 1.09588412
0.74910525 0.75241482 2.78203389
5.02138122 1.99378422 -2.29730378
3.46737239 2.85394544 -0.55948762
5.04080075 -0.42418311 -2.88104013
3.50642027 -2.00590871 -1.73271695
0.62177750 0.73972475 -2.54863237
1.09493612 0.99204561 -3.57887069
1.68517508 1.30699790 -4.86472018
2.31559151 0.47465719 -5.20470829
0.89844733 1.48251736 -5.61067172
2.30452988 2.21021283 -4.78466623

PRPRPOONRPRPPRPRPRPPRPOODODODNDORRPPRPERRPRPPODOO OO

-1.68973375 -1.22760408 0.57894896
-1.70785051 1.02849942 1.12281122
-1.81811376 1.42895476 -0.24730795
-1.79894096 -0.96147339 -0.82357244
-1.94376303 0.39868391 -1.22420328
-2.34293613 -0.27685232 1.56490527
-3.44847825 -0.28056965 1.54353769
-1.73972565 2.47203548 -0.55398143
-1.97559508 0.65346170 -2.28214774
-1.70594782 -1.74896936 -1.57151394
-2.03632740 -0.52153375 2.59008467
-1.48139556 -2.25606343 0.88151566
-1.51398272 1.80917645 1.86148542
-0.08325631 0.11281562 0.02358542
1.17991005 0.41766687 1.82844332
1.73505666 -1.33883302 0.23894866
2.69419593 -0.48819455 -0.44194333
2.68311934 0.90207063 -0.10619440
1.19096853 -0.96271563 1.49514623
1.71371142 1.33371436 0.88427101
3.57697162 1.78039624 -0.74905608
4.48339151 1.28625117 -1.68168242
3.59883973 -0.96281130 -1.41151565
4.49431467 -0.08392866 -2.01256832
0.74918235 -1.69883958 2.16479045
1.65418438 -2.38168914 -0.07217644
1.61591275 2.40229244 1.08291844
0.72934092 0.76036279 2.75851181
5.19666572 1.96202358 -2.15519851
3.56882278 2.84120993 -0.49342766
5.21596551 -0.45831446 -2.73968669
3.60761870 -2.02337130 -1.66817247
0.64630676 0.73867665 -2.54088064
1.01721412 0.99990924 -3.61153025
1.48110583 1.32654577 -4.95022100
2.09645666 0.50752511 -5.34655843
0.62436227 1.48202887 -5.62014952
2.08372983 2.24461142 -4.92712528

PRPRPOONRPRPRPPRPRPRPOODODODNDORRPPRPERRPRPPODOO OO

[CpRu(n®-CyoHg)]" + MeCN TS1

PBE/L2 v=107.4licm '

BPBE/L2 v=104.19icm '

E =-5242.963459 a.u. E 0 =-5242.691203 a.u.
ZPVE =0.272256 a.u. = 170.8430 kcal/mol

T =298.150 K: H =182.4572 kcal/mol,

G = 140.5142 kcal/mol

E =-5243.371261 a.u. E 0 =-5243.099365 a.u.
ZPVE =0.271896 a.u. = 170.6175 kcal/mol

T =298.150 K: H =182.2801 kcal/mol,

G = 140.2889 kcal/mol

-1.80948543 -0.73517196 0.85221586
-1.83197359 0.70950619 0.85717243
-1.81208051 1.15330779 -0.50173666
-1.80290605 -1.17597823 -0.51738055
-1.80846969 -0.01590692 -1.33670265
-1.82229911 2.18427924 -0.84090229
-1.84804228 -1.37606787 1.72924834
-1.75551583 -0.01437689 -2.42045123
-1.80339596 -2.20602159 -0.86079013
-1.87431057 1.34350771 1.73866195
0.00175458 -0.00275946 -0.00181133
1.20601526 0.27024583 1.79926999
1.78946079 -1.44755743 0.17070440
2.68550981 -0.54722047 -0.52168512
2.66827372 0.83157305 -0.13641043
1.24148147 -1.10518218 1.42830298
1.73761233 1.22344272 0.89778366
3.51389718 1.74552453 -0.79357781
4.37447120 1.30251311 -1.78621637
3.54201195 -0.96647739 -1.55801846
4.38614631 -0.05347948 -2.17096911

mmmmmmmmmmﬁl—w—-l—-l—n—\mmmmm

-1.81961675 -0.70755573 0.84220949
-1.83916218 0.73925271 0.81427837
-1.81262303 1.15244695 -0.55589927
-1.80981629 -1.18106717 -0.51957566
-1.80892006 -0.03831510 -1.36655676
-1.82105166 2.17612013 -0.91748782
-1.86628281 -1.32822611 1.73346234
-1.75864439 -0.06298493 -2.45035193
-1.81371886 -2.21908298 -0.83927951
-1.88461950 1.39368541 1.68081673
-0.00025623 -0.00064355 -0.02729301
1.19479657 0.26591875 1.78973694
1.80368056 -1.45665294 0.17076223
2.73681211 -0.56567722 -0.49112152
2.72062816 0.81490671 -0.10538581
1.22763274 -1.11224771 1.41743921
1.75629068 1.21524274 0.89918784
3.60609574 1.71993623 -0.72643859
4.50607362 1.26475388 -1.68203421
3.63288131 -0.99684618 -1.49159711
4.51754612 -0.09318582 -2.06673302

mmmmmmmmmmﬁl—w—-l—-l—n—\mmmmm




1 0.70695080 -1.86282318 2.07193667 1 0.76826763 -1.86861835 2.05235416
1 1.73312800 -2.48392722 -0.16429439 1 1.74496225 -2.49229410 -0.16684417
1 163686489 2.28383974 1.13243830 1 165694812 2.27641017 1.13205104
1 0.73344495 0.57934972 2.73060091 1 0.70952496 0.57839633 2.71358821
1 505552287 2.00534993 -2.26714662 1 521508364 1.95950386 -2.13405190
1 350117808 2.79536313 -0.49742867 1 359501462 2.77044226 -0.43167826
1 507381554 -0.38783904 -2.94821502 1 523357372 -0.43635310 -2.81442954
1 3.55284416 -2.01681372 -1.85240200 1 3.64373685 -2.04706264 -1.78731820
7 0.71000371 0.85521892 -2.49165776 7 0.74810960 0.85080846 -2.51132360
6 112018840 1.19952876 -3.52210013 6 104889982 1.22663501 -3.56978945
6 163464960 1.63260874 -4.80603732 6 142701064 1.69744290 -4.89249740
1 2.01140233 0.77103501 -5.37325831 1 176970227 0.85576227 -5.50969707
1 084065117 2.11924411 -5.38823714 1 056708872 2.17123470 -5.38552788
1 2.45538990 2.34761207 -4.66098971 1 2.23854132 2.43336138 -4.81305853

+

[(n°>-CeH7)Ru(n*-CioHg)(MeCN)] " IM 1

PBE/LZ BPBE/LZ

E =-5282.245169 a.u. E 0 =-5281.944196 a.u.
ZPVE = 0.300973 a.u. = 188.8637 kcal/mol

T =298.150 K: H =201.3066 kcal/mol,

G = 158.5207 kcal/mol

E =-5282.670205 a.u. E 0 =-5282.369693 a.u.
ZPVE = 0.300512 a.u. = 188.5743 kcal/mol

T =298.150 K: H=201.1221 kcal/mol,

G = 157.6944 kcal/mol

-1.66531541 -1.26676062 0.67913312
-1.71233580 0.99874052 1.19376502
-1.98459160 1.37045960 -0.15206808
-1.93552290 -1.03190197 -0.69799874
-2.15261903 0.31843116 -1.09995717
-2.23075823 -0.32334468 1.72040495
-3.32817955 -0.37241028 1.83707812
-1.97625785 2.40928482 -0.47961100
-2.29796388 0.55488310 -2.15387210
-1.89099225 -1.82663703 -1.44158983
-1.78998311 -0.53741020 2.70245224
-1.37857654 -2.27873844 0.96995452
-1.46207014 1.79628174 1.89535815
-0.15935684 0.13352568 -0.10381772
1.17837980 0.48879441 1.61764763
1.72802818 -1.24337402 0.01853087
2.78618542 -0.42450776 -0.57263522
2.75758240 0.95559223 -0.25134270
1.20784684 -0.89301285 1.29629175
1.67296780 1.38708833 0.63017662
3.70399192 1.82025159 -0.80831772
4.68779333 1.31501207 -1.66284255
3.76057853 -0.91643265 -1.44561780
4.71587304 -0.04757640 -1.98026473
0.80171952 -1.63559462 1.98069062
1.64035631 -2.28197370 -0.30479271
1.54063454 2.45746202 0.79662314
0.74926589 0.83648236 2.55561765
5.43940651 1.98606565 -2.07935351
3.68023780 2.88359977 -0.56363425
5.48922107 -0.43563018 -2.64362813
3.78073662 -1.97853390 -1.69596992
0.51248395 0.61059589 -2.08326144
0.95352415 0.86143899 -3.12621760
1.53141195 1.17224769 -4.41456667
1.23568612 0.41870536 -5.15727582
1.19455560 2.16060345 -4.75587771
2.62700312 1.17777146 -4.32759943

PR RPOONRRPRPRPRPRPRPRPOODODODNIDDIRRPPRPRERRPRPRPODOD OO

-1.66848850 -1.26795154 0.66486366
-1.71465647 0.99797122 1.18952427
-1.97765722 1.37738271 -0.15916021
-1.92904504 -1.02632005 -0.71578898
-2.14512723 0.32807154 -1.11337513
-2.24513748 -0.32682643 1.70699927
-3.34461758 -0.37277118 1.80896219
-1.96827251 2.41817957 -0.48158303
-2.28981412 0.56899091 -2.16649008
-1.88293416 -1.81853050 -1.46250420
-1.81790835 -0.54666513 2.69383335
-1.38747701 -2.28237129 0.95352404
-1.47008944 1.79240888 1.89692177
-0.15085144 0.13496419 -0.10414308
1.18748180 0.48788554 1.62725812
1.74852701 -1.24868855 0.03000618
2.81512856 -0.42938491 -0.55191793
2.78678465 0.95316340 -0.22910115
1.21608592 -0.89635028 1.30413262
1.69414840 1.38811935 0.64528562
3.75327835 1.81479371 -0.76419404
4.75635992 1.30335440 -1.59538711
3.80955982 -0.92687986 -1.40424893
4.78440802 -0.06177710 -1.91405451
0.80692654 -1.63911452 1.98659078
1.66110625 -2.28722480 -0.29408354
1.56360523 2.45857824 0.81356090
0.75608586 0.83536067 2.56428936
5.52198950 1.97054431 -1.99316891
3.73189132 2.87812491 -0.51815796
5.57185920 -0.45366333 -2.55896390
3.83195921 -1.98926802 -1.65424303
0.52382030 0.61662262 -2.10681867
0.90584684 0.87101603 -3.17356738
1.39685708 1.18804142 -4.50130464
1.06116068 0.42861034 -5.22123399
1.02287826 2.17124461 -4.81938464
2.49527512 1.20983757 -4.49126519

PR RPOONRRPRPRPRPRPRPRPOODODODNDDORRPPRPRERRPRPRPODOD OO

[CpRU(n*-CioHg)(MeCN)]* IM1

PBE/L2

BPBE/L2

E =-5242.979377 a.u. E 0 =-5242.706294 a.u.
ZPVE =0.273082 a.u. = 171.3619 kcal/mol

T =298.150 K: H =183.1527 kcal/mol,

G = 140.9376 kcal/mol

E =-5243.385375a.u. E 0 =-5243.112785 a.u.
ZPVE = 0.272589 a.u. = 171.0525 kcal/mol

T =298.150 K: H =182.9488 kcal/mol,

G = 140.8882 kcal/mol

-1.80866791 -0.74426156 1.01219523
-1.87548551 0.68657601 1.00470356
-2.04559337 1.12292813 -0.34893821
-1.93705115 -1.20769072 -0.34371651
-2.09280834 -0.05770338 -1.17311745
-2.15414196 2.14998306 -0.68325271
-1.70040710 -1.37263270 1.89169411
-2.19396047 -0.07231100 -2.25475784
-1.93995013 -2.24206807 -0.67393657
-1.81368705 1.33370859 1.87538581

PRPRRPPRPPOOOOOO®

-1.81490638 -0.45766438 1.15371898
-1.90767984 0.92852068 0.78089807
-2.06786421 0.99362605 -0.63777265
-1.91379894 -1.25052507 -0.04250418
-2.07194846 -0.36028417 -1.14916333
-2.17045992 1.90250881 -1.22374854
-1.71142686 -0.84027401 2.16546692
-2.17712857 -0.65400793 -2.18966621
-1.88255130 -2.33533745 -0.09776379
-1.87076231 1.77863926 1.45677085

PRPRPRPRPPOOOOOO®
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-0.14839628 0.05549048

1.24310491
1.87962443
2.90342153
2.88648588
1.26470958
1.84687495
3.82414443
4.78879367
3.85843183
4.80568195
0.81377050
1.80999425
1.74187875
0.76648997
5.53443936
3.80718976
5.56454784
3.86881708
0.62804285
1.03227965
1.55715635
1.23392437
1.20670255
2.65572921

0.31378007
-1.35980821
-0.48821369

0.87217752
-1.05487885

1.26590321

1.77014263

1.32209171
-0.91656241
-0.01820539
-1.83165572
-2.37989797

2.32404547

0.60721702

2.01746709

2.81519104
-0.36242601
-1.95903959

0.63083070

0.96055720

1.37003343

0.67468665

2.38031001

1.37474221

-0.17527092
1.53478341
-0.10950938
-0.65630849
-0.24158589
1.12204452
0.68990826
-0.76832708
-1.67086691
-1.58726677
-2.07930392
1.73695348
-0.49003544
0.93461263
2.46885478
-2.05689698
-0.45413282
-2.78234274
-1.91008605
-1.97079042
-3.00804960
-4.29123552
-5.07826641
-4.54412891
-4.25002914
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-0.14778418 0.04551105

1.26134682
1.88306720
2.92389670
2.92671871
1.25859393
1.88852711
3.89561600
4.87000940
3.88997341
4.86718717
0.78229192
1.79549550
1.80525979
0.78737686
5.63812103
3.89682632
5.63309486
3.88676932
0.62527023
0.97829937
1.42441826
1.05402175
1.05333417
2.52288152

0.16208124
-1.42104514
-0.53161819

0.80312045
-1.17939666

1.15723597

1.71263662

1.29878371
-0.92306977
-0.01609950
-1.98376057
-2.41355912

2.19835477

0.40353976

2.00018641

2.73635161
-0.33269042
-1.94397471

0.70986235

1.09724083

1.57995371

0.92414866

2.59969547

1.59181665

-0.18981903
1.53320702
-0.21039994
-0.69858175
-0.19897742
1.03112417
0.75469244
-0.65298856
-1.56443514
-1.63963124
-2.05665834
1.58997293
-0.65546185
1.07087389
2.48359819
-1.89225132
-0.27402796
-2.76558785
-2.02608482
-1.96977420
-3.00752075
-4.30049932
-5.10114519
-4.47580724
-4.33106973




