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Abstract

A family of 12 modular ferrocenyl planar chiral @phine-thioethers (P,S) has been
studied in the asymmetric hydrogenation of minimdiinctionalized alkenes. These
ligands differ by the substituent on sulfur or bg linker between the ferrocene moiety
and the sulfur atom (no linker, methylene or methybstituted methylene linker
bearing an additional element of chirality). Théi@aic iridium(cod) complexes of the
different P,S ligands have been efficiently synided For the majority of the ligands,
coordination yielded only a single diasteroisomethwiull control of the absolute
configuration on sulfur. The different iridium colapes have been used in the
hydrogenation of various di, tri and tetrasubsgituiminimally functionalized olefins.
Conversions and enantioselectivities are highlyeddpnt on the ligand and substrate

structure. Full conversions and low-to-excellenargioselectivities could be obtained



(maximum ee from 14 to 94% for 1,1-disubsitutedeaks, from 17 to 99% for

trisubstituted olefins and 34% for the tetrasubtd alkene).

Introduction

One of the most challenging tasks of organic cheynis the synthesis of chiral
compounds, which are necessary intermediates irptdgaration of a wide range of
pharmaceutical, agrochemical, fine chemical anduraitproducts. Up to date,
asymmetric hydrogenation, the atom-economical aadif H, to a C=X (X = C, N or
O) bond to obtain chiral compounds is one of thestmefficient, sustainable and
straightforward chirality-generating processHor the enantioselective hydrogenation
of minimally functionalized olefins, Ir complexestivchiral P,N ligands have shown to
be effective catalysts that complement the welleflgyed Rh/Ru catalysts for
functionalized olefins. Since the application of Ir-phosphine-oxazoline@#chiral
catalysts in 1998 by Pfaltz and coworkénesearchers have focused on Ir-catalysts
based on a wide range of P-oxazoline ligahtflsese new Ir-catalysts have significantly
broadened the substrate scope. Despite the advandedased P-N catalysts, their
activity and selectivity for reducing some sigréfit minimally functionalized olefins
still needs to be improved, especially since themaled for new optically active chiral
centers has moved researchers into the Ir-catalgasgdhmetric reduction of more
"exotic" substrates. This will require novel, higlfficient chiral ligands that are easier
to handle, readily accessible, and that enhanceapipéication range. In this respect,
research has progressed to heterodonor P,X-lighedsing more robust X-donor
groups than oxazolines (pyridinesmides’, thiazoles thiazolines, oxazoles?® etc.).
Some of us have recently described the successhilofi non-N-donor heterodonor
ligands, the phosphorus-thioether ligands, foreh@ntioselective Ir-catalyzed reduction
of minimally functionalized olefin&® Ir-complexes modified with two families of P-
thioether ligands efficiently catalyzed the hydnoggon of a large range of olefins, with

results comparable to the best ones reported ifitéhature. Despite this success, other



thioether-P ligands have not yet been reportedraséarch is in progress to study the
possibilities of this new class of ligands for threcess.

Some of us have been involved for several yearthén development of chiral
ferrocene-based ligands for asymmetric catafffsizerrocene-based ligands have been
successfully employed in asymmetric catalysis forerthan three decad&sThey are
particularly interesting because of the facileadtiction of different chiralities (planar
and central), their particular stereoelectronic pperties and their high stability.
Although they have emerged as a privileged liganacgires for asymmetric catalysis,
their use in the Ir-catalyzed hydrogenation of miaily functionalized olefins has been
scarce!

Because we are interested in more versatile andstolo-catalysts, we took one
further step and tested new ligands that incorpdfa¢ advantages of ferrocenes and the
robustness of the thioether moiety. To this englfested a family of modular ferrocene
phosphine-thioether ligands-12 (Figure 1) in the Ir-catalyzed hydrogenation of 34
minimally functionalized alkenes, including coneretxamples with neighboring polar
groups. The selection of chiral ligands contemplasgstematic variations of the
electronic and steric properties of the thioetheiaty (ligands1-9),* the removal of
the methylene spacer between the ferrocene anthitether groups (ligand0),*® as
well as introducing a second stereogenic centdhénmethylene spacer (ligand$-

12)%".
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Figure 1. Ferrocene-based phosphine-thioether ligdntia



Results and discussion

Synthesis of Ir-catalyst precursors

The Ir-catalyst precursors were prepared in a ti®p;one-pot procedure (Scheme
1). In the first step, the appropriate ligand reagith 0.5 equivalent of [I(-Cl)(cod)L
for 1 h at reflux. Then, GBArg counterion exchange was achieved by a reactidm wit
sodium tetrakis[3,5-bis(trifluoromethyl)phenyl]lotea (NaBAE) (1 equiv) in the
presence of water at room temperature. The iridiatalyst precursors were isolated in

pure form as air-stable orange solids in exceleitls (89-91%).
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Scheme 1. Preparation of Ir-catalyst precursors [Ir(cde)@)|BAr ¢

The elemental analyses were in agreement withsbig@ed structures. The HRMS-
ESI spectra of [Ir(cod)¢12)|BArg displayed the heaviest ions at m/z which corredpon
to the loss of the BAranion from the molecular species. Crystals swatdbt X-ray
diffraction analysis of [Ir(cod¥)]BArg complex were also obtained in order to
determine the coordination mode of the ferrocersetigphosphine-thioether ligands
(Figure 2). The six-membered chelate ring adopteloat conformation, with the
thioether substituent in an equatorial position g@lsulfur in arR configuration as has

already been observed for similar compleXes.



Figure 2. X-ray structure of [Ir(codX))]BArs (CCDC 1033867) (the hydrogen atoms

and BAF anion have been omitted for clarity)

The’H, 1*C, and®*’P NMR spectra show the expected pattern for tesmmplexes.
The VT-NMR spectra in CECl, (+35 to -75 °C) indicate the presence of a simsgener
in all cases except for [Ir(co@)|BArr and [Ir(cod)(2)|BArg that were mixtures of two
isomers in equilibrium at a ratio of 1:2 and 1l:6spectively. These isomers may be
attributed to the two possible diastereoisomemnhéa when the thioether coordinates to
the metal atom (note that the coordinated S atom sgereogenic center), to different
conformers for the six-membered chelate ring, orbtwh. To obtain the spatial
orientation of the thioether substituent and thefaonation adopted by the six-
membered chelate ring we initially performed NOE&Yeriments of [Ir(cod)|BAr ¢
and [Ir(cod)(2)]BAre. Since the NOE contacts for4nvere not conclusive, we studied
the [Ir(cod)@)]BAranalogue instead.

For complex [Ir(cod®)]BArs and the major isomer of [Ir(codf)]BArg, the NOE
indicated interactions between one of the methguigs of the thioether xylyl substituent
and the phenyl group of the phosphine moiety anthatf same methyl group with either
the methyl substituent (for 2) or one of the hydrogen atoms (for9/at the alkyl
backbone chain (Figure 3a). In addition, the NO#&idated interactions of the other
xylyl methyl group with the other hydrogen of thikyh backbone chain and with the
unsubstituted cyclopentadiene ring. These inteyastican be explained assuming an

equatorial disposition of the thioether group andaat conformation of the six-



membered chelate ring with &configuration of the sulfur atom (Figure 3a), aghe

X-ray structure of [Ir(cod¥)|BArg(see Figure 2).

(a) 4‘@ (b)
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Figure 3. Main NOE contacts for (a) [Ir(cod)|BArs (X= H) and major isomer of

[Ir(cod)(12)]BArE (X= Me) and (b) minor isomer of [Ir(cod)?)|BAr .

For the minor isomer of [Ir(cod)®)|BArg we found NOE interactions between one
of the xylyl methyl groups and the phenyl grouptlté phosphine moiety and with the
hydrogen at the alkyl backbone chain (Figure 3bg ¥so observed NOE contacts
between the methyl substituent at the alkyl backbamain and the substituted
cyclopentadiene ring. All these NOE contacts aragreement with a boat conformation
of the six-membered chelate ring and the thioetbebstituent in an equatorial
disposition but, in contrast to previous isomerghvan S configuration of the sulfur
atom (Figure 3b). The assignments of the isomerfir@od)(12)|BArs were further
confirmed by DFT studies. Figure 4 shows theseutaled structures and the relative
values of the formation enthalpy, being the isomigh anR configuration of the sulfur
atom the most stable. Complexes [Ir(c8IBArg and [Ir(cod)(2)|BArg are the first
examples of incomplete control of the sulfur chiyalpon coordination for ferrocenyl
phosphine-thioethers with this type of backbondy eme diastereocisomer was observed

for all previously reported complexes, whateverrtietal or the oxidation staté&!®



Major isomer (0 KJ/mol) Minor isomer (11.8 KJ/mol)
Figure 4. Calculated structures (DFT) for cationic speciesamplex [Ir(cod)(2)]BAr

and their relative formation enthalpies.

Asymmetric Ir-catalyzed hydrogenation

Asymmetric hydrogenation of minimally functional@zelefins is highly sensitive to
the steric demands of the substmatenlike trisubstituted olefins, 1,1-disubstituted
olefins have not been successfully hydrogenateill wery recentlys®” This is because
the catalyst must control not only the face seldgti coordination (only two
substituents compared with the three in trisubstitwlefins), but also the isomerization
of the olefins to form the more stablE-trisubstituted substrates, which are
hydrogenated to form the opposite enantiomer. $ebstituted olefins also remain an
unsolved class of substra®. The only Ir-catalysts that react with them withgthi
yields and enantioselectivities contain the lesskyoyphosphanylmethyloxazoline
ligands reported by Pfalf2.In order to evaluate the efficiency of ferrocersséd P-S
ligands1-12 in the hydrogenation of olefins with different stedemands, we initially
tested them in the asymmetric reduction of the rhade di- and tetrasubstituted

substrate$1-S3 (Table 1).

Although low-to-moderate enantioselectivities werehieved in the reduction of
tetrasubstituted substrat&s3, high enantioselectivities were obtained in the
hydrogenation of model tri- and disubstituted stdiet (ee's up to 85% and 82% $dr
and S2, respectively). The results also indicated thatlipand components need to be

properly tuned for each substrate to maximize thangoselectivities. For instance,
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while for S1 the best enantioselectivities were obtained wigfarid 12 (entry 12),
containing both planar and central chirality anBuky 2,6-dimethylphenyl thioether
substituent, the highest enantioselectivitiesSdmwere achieved with ligandsand10
(entries 4 and 10), containing only planar chiyabind a bulkytert-butyl thioether
group. Interestingly, for disubstituted substra® both enantiomers of the
hydrogenated products could be obtained in higmtereelectivity by simply selecting

the planar chirality.

Table 1. Ir-catalyzed hydrogenation model substr&es3®

~o s1 s2 s3

Entry Ligand % ConV %eé % ConV %eé % ConvV % eé

1 1 100 25§ 100 22§ 75 9@
2 2 100 0 100 309 <5 nd

3 3 100 10§ 100 339 <5 nd

4 4 100 50R) 100 81§ 70  32QR
5 5 100 46§ 100 73§ 60 34R
6 6 100 11§ 100 34§ 85 6@R
7 7 100 306 100 16§ 35 8QR
8 8 100 24§ 100 32§ 65 6@R
9 9 100 50R) 100 266 49  10(S)
10 10 100 156 100 82R) 9%5 4R
11 11 100 29§ 100 3R 100  9R
12 12 100 856 100  46R) 100  12(S)

# Reactions carried out at room temperature usifigr@nol of substrate and 1 mol% of Ir-catalyst
precursor at 100 bar of,Hfor substrate$1 andS3) and 1 bar (foiS2) with dichloromethane (2
mL) as solvent® Conversion measured Bii-NMR after 4 h (forS1 andS2) and after 18 h (for
S3). ¢ Enantiomeric excess determined by GC.

We next evaluated the new I¥12 catalyst precursors in the hydrogenation of a

selected range of trisubstituted substrates, nfasea with neighbouring polar groups.



The reduction of substrates with neighbouring pglaups has a large interest because
they are relevant intermediates for the synthekisighly valued chemicals. The most

remarkable results are shown in Figure 5 (seerSd tmmplete set of results).

S4 MeO MeO S7 S8

7 100% Conv 10: 100% Conv 10: 100% Conv 4: 100% Conv 4: 100% Conv
46% (S 32% (S 17% (S) ee 96% (R 97% (R
Bpln Bpln
S$13
4: 100% Conv 4: 100% Conv 4: 100% Conv 10. 100% Conv 9. 100% Conv?®
98% (R) ee 95% (R) ee 96% (R) ee 76% (S) ee 64% (+) ee

0 o} 0
w Q:O Q:O WNHBn ©/\i5)
S14 Ph s15 S16 s17 S18

12: 100% Conv® 12: 100% Conv® 12: 100% Conv® 11: 100% Conv® 10: 100% Conv?@

47% (S) ee 85% (S) ee 81% (S) ee 90% (S) ee 84% (S) ee
OP(O)Ph,
OP(O)Ph OP(O)Ph
- _COOEt ~COOEt  OP(O)Ph; OP(O)Ph;
X ~_COOEt
s19 $20 FsC s21 s22 s23
10: 100% Conv? 10: 82% Conv? 10: 76% Conv? 10: 100% Conv? 10: 54% Conv?
92% (R) ee 98% (R) ee 98% (R) ee 93% (R) ee 99% (R) ee

Figure 5. Selected results for the hydrogenation of tristiistd olefinsS4-S23 using
[Ir(cod)(1-12)|BArg catalyst precursors. Reaction conditions: 1 mol cétalyst

precursor, CkLCl, as solvent, 100 barH4 h.? Reaction carried out for 18 h.

We first considered the reduction of aryl/alkyl strihtes withZ-geometryS4-S6,
which are usually hydrogenated less enantiosekldgtihanE-trisubstituted olefins like
S1.3 Unfortunately, as previous studies had alreadygssigd, enantiocontrol was only
moderate (ee's up to 46%). On the other handp[)(d)]BAr e was very efficient in the
reduction of severah,B-unsaturated estefS7-S11.%* The ee's were between 95-98%
and quite independent on the electronic naturdn@fsubstrate phenyl ring and on the

substituentcis to the ester group. Being able to hydrogemgfzunsaturated esters at
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such high ee's is of great importance becauselataraoxylic ester derivatives with
tertiary benzylic aliphatic stereogenic centres doeind in many fragrances,
pharmaceuticals and natural prodiféthis methodology represents a more sustainable
route for producing these chiral carboxylic estd@n other common methods such as
the Co-catalyzed asymmetric conjugated reductioma @Funsaturated esters using
sodium borohydrid€ and the Cu- and Rh-catalyzed 1,4-reduction userg moisture-
sensitive hydrosilane reagefftswe then studied the reduction of alkenylbororsiters
S12 and S13 which would form versatile chiral C-B bonds thahdater become C-N,
C-O and C-C bonds. The hydrogenation of alkenesagung one or two pinacolato-
boron groups proceeded smoothly with enantioseiées as high as 76%. Another
important class of substrates that is receiving hmaitention are the,3-unsaturated
enones. The hydrogenation of these substrates édegant path for obtaining ketones
with a stereogenic center in tleeposition of the carbonyl moiety. Nonetheless, they
have been less studied and less successfully hgdabed than other trisubstituted
olefins5""*> The hydrogenation of the modelp-unsaturated enongl4 proceeded
with moderate enantiocontrol (ee's up to 47%). Heweit was very interesting to find
that enantioselectivities increased up to 85% eltdrogenation of more challenging
cyclic enonesS15 and S16.5° These latter results prompted us to focus on the
hydrogenation of other difficult olefins, such ammideS17,%° lactoneS18 *” and enol
phosphinates S19-S23%®. Very few catalytic systems can provide high
enantioselectivities for these substrates so itneamrkable that we could achieve high-
to-excellent enantioselectivities in all of them Mwarefully tuning the ligand
components. Thus, in the reduction of enam8F and lactoneS18, the highest
enantioselectivities (up to 90%) were achieved aisifir(cod)(11)]BArg and
[Ir(cod)(10)]BArg, respectively. [Ir(cod{0)]BArF was also extremely efficient in the
reduction of a range of sterically demanding erfadgphinates, including examples of
pure alkyl-substituted enol phosphinates (FigureSH-S23), providing comparable
high enantioselectivities to those achieved with lilest ones reported (ee's between 92-

99%). The effective hydrogenation of this type abstrates opens up an appealing
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route for obtaining chiral organophosphinates, Wwhtan be easily transformed into

high-value compounds such as alcohols and phosphine

Then we focused our attention on extending the eapigdisubstituted substrates
(Figure 6). Our results with severatlalkylstyrenes bearing decreasingly sterically
demanding alkyl substituent$, S24 and S25) indicated that enantioselectivity is
affected by the nature of the alkyl chain (ee'giag from 14% to 82%). A plausible
explanation is the competition between direct hgdration and isomerization. This is
supported by the fact that the hydrogenation ossaleS2 bearing aert-butyl group,
which cannot isomerize, provides the highest epaalectivity. We then tested a wide
range ofa-tert-butylstyrene type substrateS26-S32) to evaluate how the electronic
and steric properties of the aryl group of the talbs affected the catalytic
performance. The highest enantioselectivities upQ%) of the series were achieved in
the reduction of substrates containing electrontiogagroups at theara-position of

the aryl group (substrat&6 andS27).

©§2J4\)\ Meo/©i:/ /©£2}D< Meo/©ij)<

11: 100% Conv 11: 100% Conv 10: 100% Conv 10: 100% Conv
14% (R) ee 16% (R) ee 87% (R) ee 90% (R) ee

10: 100% Conv 10: 100% Conv 10: 100% Conv 10: 100% Conv
78% (R) ee 79% (R) ee 75% (R) ee 75% (R) ee

©)L oror: oo,
S32 S33 S34

10: 100% Conv 10: 100% Conv? 10: 100% Conv?
72% (R) ee 94% (R) ee 93% (R) ee

Figure 6. Selected results for the hydrogenation of 1,1uBstuted olefinsS24-S34
using [Ir(cod)(-12)]BArg catalyst precursors. Reaction conditions: 1 mot&talyst

precursor, CkCl, as solvent, 1 bar 14 h.? Reactions carried out for 18 h.
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Finally, we studied whether the excellent enantexdwities obtained in the
hydrogenation of trisubstituted enol phosphinatek{S23, Figure 5) are maintained
for the even more demanding disubstituted analog883 and S34. Again,
[Ir(cod)(10)]BArg was able to successfully hydrogenate these stbstvath excellent

enantioselectivities comparable to the best onesrted®

Conclusions

Stable cationic iridium(cod) complexes with diffetd®,S ligands proved to be good
precatalysts for the asymmetric hydrogenation afimally functionalized olefins in
terms of activities and enantioselectivities. Fany substrates, the ligand fine tuning,
thanks to its high modularity, enabled achievingodjoto excellent levels of

enantioselectivity, underlining their promising eotial.

Experimental Section
General considerations

All reactions were carried out using standard Sdhleechniques under an argon
atmosphere. Solvents were purified and dried bydstad procedures. Phosphine-
thioether ligand€1'™® and 12*° were prepared as previously reportid, **C, and®'P
NMR spectra were recorded using a 400 MHz or a6z spectrometer. Chemical
shifts are relative to that of SiM¢H and*>C) as internal standard orPO; (3'P) as
external standardH and*C assignments were made on the bastsidH gCOSY and
'H-13C gHSQC. Geometries of isomers of [Ir(cd@)|BAr e were optimized using the
Gaussian 09 prografh, employing the B3LY® density functional and the
LANL2DZ>® basis set for iridium and iron and the 6-31G* basét for all other
elements* Solvation correction was applied in the coursthefoptimizations using the
PCM model with the default parameters of dichlorttaae® The complexes were
treated with the charge +1 and in singlet statesitometry constraints were applied.

12



The energies were further refined by applying disipa correction using the DFT-Ef3
model. All energies reported are Gibbs free energie298.15 K and calculated as

Greported= Gs-316++ EprFr-D3
General procedure for the preparation of ligands 1-9

Ligands 1-4 and 6-7 were prepared as previously report&iThe ligands5, 8 and 9
were prepared using the same method from enanticetigr pure R)-(2-
diphenylthiophosphinoferrocenyl)methanol (100 mg,230 mmol}** and the
corresponding thiol in protecting forS, 8-S and 9-S as thiophosphine-thioethers.
The deprotected (P,S) ligands were obtained bytimaof the protected forms with

P(NMe);"*and immediately engaged in the coordination reactio

5-S: Yield 131 mg (97%)*'P{'H} NMR (121 MHz, CDC}), &: 41.7.*H NMR (300
MHz, CDCk), &: 1.63 (m, 6H, Ch, Ad), 1.75 (m, 6H, Chl Ad), 1.97 (m, 3H, CH, Ad),
3.72 (s, 1H, CH=, Cp), 3.90 (br d, 1H, §F4. = 13.0 Hz), 3.98 (br d, 1H, GHJn-+
= 13.0 Hz), 4.29 (s, 1H, CH=, Cp), 4.36 (s, 5H, CBp), 4.66 (s, 1H, CH=, Cp), 7.55-
7.35 (m, 6H, CH=), 7.66 (m, 2H, CH=), 7.86 (m, 2ZBH=). *C{*H} NMR (75 MHz,
CDCly), 8: 23.7 (CH), 29.7 (CH, Ad), 36.3 (Ctl Ad), 43.3 (CH, Ad), 44.8 (C Ad),
69.0 (d,Jc.p= 10.5 Hz, CH=, Cp), 70.9 (Cp), 73.4 (,p= 9.3 Hz, CH=, Cp), 74.0 (d,
Jo.p= 94.6 Hz, C, Cp,) 74.2 (dcp= 12.7 Hz, CH=, Cp), 90.2 (dc.p= 12.0 Hz, C,
Cp), 128.0 (dJc.p= 12.4 Hz, CH=), 128.1 (dic.p= 12.5 Hz, CH=), 131.1 (dic.p= 3.0
Hz, CH=), 131.2 (dJc.p= 3.0 Hz, CH=), 132.1 (dlc.p= 10.6 Hz, CH=),1 32.3 (dlc.p
= 10.6 Hz, CH=), 133.6 (dlc.p = 86.0 Hz, C), 134.6 (dlc.p= 87.1 Hz, C). HR/IMS
(ESI)m/e 582.1273 (M, 100 %; calculated fogH3sPSFe: 582.1267).

5: Yield 114 mg (92%)*'P NMR (162 MHz, CDGJ), &: -23.5."H NMR (400 MHz,
CDCly), 8: 1.64 (m, 6H, ChH, Ad), 1.77 (m, 6H, Ch Ad), 1.98 (m, 3H, CH, Ad), 3.62
(dd, 1H, CH, %y = 13.2 Hz,Ju.p= 2.4 Hz), 3.73 (b, 1H, CH=, Cp), 3.75 (d, 1H, £H
23y = 13.2 Hz), 4.02 (s, 5H, CH=, Cp), 4.26 (m, 1H, GKBp), 4.55 (m, 1H, CH=,
Cp), 7.1-7.3 (m, 5H, CH=), 7.40 (m, 3H, CH=), 7(87, 2H, CH=)."*C{*H} NMR (100
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MHz, CDCL), &: 24.5 (d,Jc.p= 12.2 Hz, CH), 29.8 (CH, Ad), 36.5 (CH Ad), 43.4
(CH,, Ad), 44.9 (CAd), 69.5 (CH=, Cp), 70.0 (CH=, Cp), 71.1 (@,p= 3.8 Hz, CH=,
Cp), 71.5 (dJcp= 3.8 Hz, C, Cp,) 75.7 (dc.p= 10.2 Hz, CH=, Cp), 91.3 (dcp=
25.1 Hz, C, Cp), 125.4 (C), 127.8 (CH=), 128.0%gs= 6.0 Hz, CH=), 128.3 (dlc.p=
7.6 Hz, CH=), 128.4 (C), 129.2 (&.p= 6.2 Hz, CH=), 132.6 (dlc.p= 17.5 Hz, CH=),
135.3 (dJc-p= 21.3 Hz, CH=), 137.7 (dc.p= 8.3 Hz, C), 140.0 (dlc,= 9.1 Hz, C).
TOF-MS (ESI+): m/z = 550.1546, calcd. fogHssFePS [M]: 550.1547).

8-S: Yield 110 mg (83%§'P{*H} NMR (121 MHz, CDC}), &: 41.4."H NMR (300
MHz, CDCk), &: 3.83 (m, 1H, CH=, Cp), 4.26 (s, 1H, CH=, Cp),9(d, 1H, CH, 2J4.

h = 13.0 Hz), 4.32 (s, 5H, CH=, Cp) 4.42 (s, 1H, Ci&p), 4.60 (d, 1H, CH 2J.n =
13.0 Hz), 7.55-7.35 (m, 10H, CH=), 7.9-7.7 (m, €44=), 8.23 (m, 1H, CH=)"*C{H}
NMR (75 MHz, CDC}), §: 33.5 (CH), 69.2 (d,Jc.p= 10.4 Hz, CH=, Cp,), 71.0 (CH=,
Cp), 73.8 (dJcp= 9.2 Hz, CH=, Cp,), 74.1 (dcp= 96.3 Hz, C, Cp,), 74.6 (dcp=
12.7 Hz, CH=, Cp,), 88.8 (dlcp = 12.0 Hz, C, Cp,), 125.4 (CH=), 125.5 (CH=),
126.1(CH=), 126.2 (CH=), 127.3 (CH=),128.1 Jd»= 12.6 Hz, CH=), 128.2 (dc.p=
12.7 Hz, CH=), 128.4 (CH=), 128.9 (CH=), 131.3J¢p= 2.7 Hz, 2C), 132.1 (dic.p=
10.8 Hz, CH=), 132.2 (dlc.p= 10.7 Hz, CH=), 132.9 (C), 133.6 (@.»= 70.2 Hz, C),
133.9 (C), 134.0 (C), 134.5 (dzp= 71 Hz, C). HR/MS (ESljn/e 574.0642 (M, 75
%; calculated for gzH,7,PSFe: 574.0641), 415.0364(M-S(naphthyl), 100 %).

8: Yield 92 mg (89%)'P NMR (162 MHz, CDGJ), &: -24.1.*H NMR (400 MHz,
CDCly), &: 3.86 (m, 1H, CH=, Cp), 4.04 (s, 5H, CH=, Cp),4(B, 2H, CH), 4.29 (m,
1H, CH=, Cp), 4.43 (m, 1H, CH=, Cp), 7.33 (m, 5H4%), 7.4-7.5 (m, 4H, CH=), 7.53
(m, 3H, CH=), 7.61 (m, 2H, CH=), 7.76 (m, 1H, CHZ)85 (m, 1H, CH=), 8.30 (m,
1H, CH=). ®C{'H} NMR (100 MHz, CDC}), §: 34.6 (d,Jc.p= 12.2 Hz, CH), 69.8
(CH=, Cp,), 70.0 (CH=, Cp), 71.6 (dz.p= 3.8 Hz, CH=, Cp,), 71.8 (dc.p= 3.8 Hz,
CH=, Cp,), 76.1 (dJc.p= 8.4 Hz, C, Cp,), 89.9 (dc.p= 25.9 Hz, C, Cp,), 125.6 (dec.p
= 6.8 Hz, CH=), 126.3 (dlc.p= 20.6 Hz, CH=), 127.6 (CH=), 128.1 (CH=), 128.2 (d
Je.p= 6.1 Hz, CH=), 128.4 (dlc.p= 5.9 Hz, CH=), 128.6 (CH=), 129.3 (CH=), 132.6
(CH=), 132.7 (CH=), 133.2 (C), 134.0 (C), 134.3 ,(@B5.1 (CH=), 135.4 (CH=),
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137.6 (d,Jcp = 7.6 Hz, C), 139.7 (dJcp = 9.1 Hz, C). TOF-MS (ESI+): m/z =
542.0919, calcd. for £GH,7FePS [M]: 542.0921).

9-S: Yield 118 mg (93%)3*'P{*H} NMR (162 MHz, CDC}), 5: 41.3.'"H NMR (400
MHz, CDCl), &: 2.42 (s, 6H, CH), 3.78 (m, 1H, CH=, Cp), 3.86 (d, 1H, gHJyn =
12.7 Hz), 4.30 (m, 1H, CH=, Cp), 4.33 (d, 1H, CH.n = 12.7 Hz), 4.34 (s, 5H, CH=,
Cp), 4.45 (m, 1H, CH=, Cp), 7.0-7.2 (m, 3H, CH=4-7.6 (m, 6H, CH=), 7.7-7.8 (m,
2H, CH=),7.8-7.9 (m, 2H, CH=)">C{*H} NMR (100 MHz, CDC}), &: 22.2 (CHy),
33.6 (CH) 69.2 (d,Jc.p= 10.3 Hz, CH=, Cp), 70.9 (CH=, Cp), 73.3 fd,,= 9.2 Hz,
CH=, Cp), 74.4 (dJc.p= 95.1Hz, C, Cp), 74.5 (dc.p= 12.5 Hz, CH=, Cp), 89.6 (dc.
p=12.2 Hz, C, Cp), 128.0 (CH=), 128.1 (CH=), 12§@H=), 128.2 (CH=), 131.2 (d,
Jep= 3.5 Hz, CH=), 131.3 (dlc.p= 3.5 Hz, CH=), 132.1 (dJcp = 10.8 Hz, CH=),
132.3 (d,Jc.p= 10.7 Hz, CH=),133.5 (dlc.r= 85.5 Hz, C), 134.2 (C), 134.4 (@.p=
86.6 Hz, C), 143.2 (C).

9: Yield 101 mg (91%)>'P NMR (162 MHz, CDGJ), &: -24.0.'"H NMR (400 MHz,
CDCl), &: 2.43 (s, 6H, CH), 3.46 (d, 1H, Ch 2J4n = 11.2 Hz), 3.79 (b, 1H, CH=,
Cp), 3.84 (d, 1H, CH %4 = 11.2 Hz), 4.00 (s, 5H, CH=, Cp), 4.27 (b, 1H, Ci&p),
4.37 (b, 1H, CH=, Cp), 7.07 (m, 3H, CH=), 7.39 (i, CH=), 7.55 (m, 3H, CH=),
7.59 (m, 2H, CH=)*C{*H} NMR (100 MHz, CDC}), 3: 22.0 (CHy), 34.3 (d,Jc.p=
12.9 Hz, ChH) 69.6 (CH=, Cp), 69.7 (CH=, Cp), 71.3 (b, CH=, C19.9 (dJcp= 7.6
Hz, C, Cp), 90.4 (dJc.p= 25.9 Hz, C, Cp), 127.8 (CH=), 127.9 (CH=), 12§0H=),
128.1 (CH=), 128.2 (CH=), 129.1 (CH=), 132.5 {d,,= 18.2 Hz, CH=), 134.2 (C),
135.2 (dJc-p= 21.3 Hz, CH=), 137.6 (dc-p= 8.3 Hz, C), 139.7 (dlc.p= 9.1 Hz, C),
143.1 (C)TOF-MS (ESI+): m/z = 520.1074, calcd. fos:820FePS [M]: 520.1077).

General procedure for the preparation of [Ir(cod)(1-12)]BArg

The corresponding ligand (0.074 mmol) was dissoiwe@H.Cl, (5 mL) and [lr(u-
Cl)(cod)k (25.0 mg, 0.037 mmol) was added. The reactionurnextvas refluxed at 40
oC for 1 hour. After 5 min at room temperature, RaB(77.2 mg, 0.080 mmol) and

water (5 mL) were added and the reaction mixturs stared vigorously for 30 min at
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room temperature. The phases were separated anaqtlemus phase was extracted
twice with CHCI,. The combined organic phases were dried with Mg&®@aporation

of the solvent gave a brown-orange solid, which pasfied by flash chromatography

on neutral silica (dichloromethane/petroleum etfiBd) as eluent) to produce the
corresponding complex as an orange solid.

[IT(cod)(1)]BArg: Yield 105.9 mg (89%)%*'P NMR (162 MHz, CDGJ), &: 9.5 (s);
'H NMR (400 MHz, CDCJ), &: 1.12 (t, 3H,2Jy.n = 7.6 Hz, CH), 1.56 (m, 1H, CH
cod), 1.71 (m, 1H, C§l cod), 2.06 (m, 1H, Ck cod), 2.32 (m, 1H, Cklcod), 2.45 (m,
3H, CHp, cod), 2.64 (m, 1H, CH Et), 2.78 (d, 1H?Jy.y = 12.4 Hz, CHS), 2.91 (m,
1H, CH, Et), 3.47 (m, 1H, CH=, cod), 3.57 (m, 1H, CH=d}o4.00 (d, 1H .y =
12.4 Hz, CH-S), 4.05 (s, 1H, CH=, Cp), 4.41 (m, 1H, CH=, C}7 (s, 6H, CH=,
Cp), 4.63 (m, 1H, CH=, cod), 4.94 (m, 1H, CH=, codB-7.8 (m, 22H, CH=)*C
NMR (100 MHz, CDC}), &: 14.6 (CH), 27.4 (CH, cod), 29.2 (Ch} cod), 31.2 (CH),
31.6 (CH, cod), 33.7 (CH Et), 35.0 (CH, cod), 63.7 (d-Jc.p = 63.6 Hz, C, Cp), 68.8
(d, Jc.p = 5.2 Hz, CH=, Cp), 70.9 (CH=, cod and CH=, C®#,37(CH=, cod), 73.2
(CH=, Cp), 76.0 (dJcp = 7.0 Hz,CH=, Cp), 84.3 (dJcr = 15.5 Hz, C, Cp), 90.5 (d,
Jc.p = 14.6 Hz, CH=, cod), 90.7 (dc.p = 14.6 Hz, CH=. cod), 117.4 (b, CH=, BA\r
120.4-134.2 (aromatic carbons), 134.7 (b, CH=, At61.7 (q,'Jc.5s = 48.8 Hz, C-B,
BArg). TOF-MS (ESI+): m/z = 745.1336, calcd. fogsB40BF24FelrPS [M-BAEH:
745.1332). Anal. calcd (%) forggH4oBF24FelrPS: C, 48.55; H, 3.07; S, 1.99; found: C,
48.34; H, 3.06; S, 1.95.

[Ir(cod)(2)|BArg: Yield 108.0 mg (90%)>'P NMR (162 MHz, CDGJ), &: 9.1 (s);
'H NMR (400 MHz, CDC}J), &: 1.18 (d,2Jy.4 = 6.8 Hz, 3H, Ch, 'Pr), 1.41 (d, 3H3Ju.1
= 6.8 Hz, 3H, Ch, iPr), 1.62 (m, 1H, CH cod), 1.78 (m, 1H, Ckl cod), 2.17 (m, 2H,
CHy, cod), 2.41 (m, 1H, CHl cod), 2.51 (m, 2H, CH cod), 2.57 (m, 1H, CH cod),
2.84 (d, 3H2Jy.4 = 11.6 Hz, CHS), 3.24 (g, 1H2 41 = 6.8 Hz, CH!Pr), 3.55 (m, 1H,
CH=, cod), 3.59 (m, 1H, CH=, Cp), 4.05 (d, 1,4 = 11.6 Hz, CHS), 4.08 (s, 1H,
CH=, Cp), 4.47 (s, 1H, CH=, Cp), 4.54 (s, 5H, Ci&p), 4.57 (s, 1H, CH=, Cp), 4.81
(m, 1H, CH=, cod), 5.04 (m, 1H, CH=, cod), 7.4-{m8, 22H, CH=);"*C NMR (100
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MHz, CDCh), &: 21.7 (CH, 'Pr), 23.1 (CH, 'Pr), 24.8 (b, CkS), 27.3 (CH, cod), 29.0
(CH,, cod), 31.5 (Ch cod), 35.2 (b, CH cod), 43.3 (CHPr), 63.7 (dXJc.p = 63.9 Hz,
C, Cp), 68.7 (dJcp = 6.2 Hz, CH=, Cp), 69.9 (CH=, cod), 71.0 (CH=)Cl.5 (CH=,
cod), 73.4 (d*Jc.p = 2.1 Hz, CH=, Cp), 76.2 (dc.p = 6.1 Hz, CH=, Cp), 84.0 (dJcp
= 16.0 Hz, C, Cp), 90.3 (dc.p = 11.4 Hz, CH=, cod), 90.8 (dc.p = 11.4 Hz, CH=,
cod), 117.4 (b, CH=, BAJ, 120.4-134.2 (aromatic carbons), 134.7 (b, CHArdp
161.7 (q,"Jce = 50.1 Hz, C-B, BA®). TOF-MS (ESI+): m/z = 759.1485, calcd. for
CecHs1BF24FelrPS [M-BAEF™: 759.1489. Anal. calcd (%) for ¢gHsiBF24FelrPS: C,
48.87; H, 3.17; S, 1.98; found: C, 48.69; H, 3351.95.

[IT(cod)(3)]BArg: Yield 111.9 mg (91%)*'P NMR (162 MHz, CDGJ), &: 9.1 (s);
'H NMR (400 MHz, CDGC}), &: 1.14 (m, 2H, Ch), 1.51 (m, 4H, Ck), 1.76 (m, 1H,
CHy), 1.91 (m, 2H, Ch), 2.09 (m, 1H, Ch), 2.17 (m, 2H, Ch), 2.43 (m, 1H, Ch),
2.51 (m, 2H, CH), 2.57 (m, 1H, Ch), 2.85 (m, 1H, CH-S), 2.90 (d, 1A+ = 10.8
Hz, CHx-S), 3.51 (m, 1H, CH=, cod), 3.54 (m, 1H, CH=, catlp6 (d, 1H2Jy.4 = 10.8
Hz, CH-S), 4.08 (s, 1H, CH=, Cp), 4.46 (b, 1H, CH=, Gh}53 (s, 6H, CH=, Cp), 4.76
(m, 1H, CH=, cod), 5.04 (m, 1H, CH=, cod), 7.4-{m8, 22H, CH=);"*C NMR (100
MHz, CDCh), &: 24.4 (CH), 26.0 (d,3Jc.p = 3.8 Hz, CH-S), 27.1 (CH), 27.3 (CH),
28.7 (CH), 29.7 (CH), 31.5 (CH), 32.3 (CH), 34.1 (CH), 35.2 (d,%Jcp= 3.8 Hz,
CH,-S), 51.9 (CH-S)64.2 (d,"Jc.p = 63.8 Hz, C, Cp), 68.6 (dc.p= 6.1 Hz, CH=, Cp),
69.6 (CH=, cod), 71.0 (CH=, Cp), 71.3 (CH=, cod},37(d,Jcp = 3.1 Hz, CH=, Cp),
76.1 (d,Jc.p = 6.9 Hz, CH=, Cp), 84.4 (dJ)cp = 16.7 Hz, C, Cp), 90.2 (dc.p = 11.4
Hz, CH=, cod), 90.7 (dJc.p = 11.4 Hz, CH=, cod), 117.4 (b, CH=, BAr120.4-134.3
(aromatic carbons), 134.7 (b, CH=, BAr161.7 (q,\Jc.s = 50.1 Hz, C-B, BA¢). TOF-
MS (ESI+): m/z = 799.1779, calcd. fordElssBF.4FelrPS [M-BAR]": 799.1802. Anal.
calcd (%) for GoHssBF24FelrPS: C, 49.86; H, 3.34; S, 1.93; found: C, 49H63.31; S,
1.90.

[Ir(cod)(4)|BArg: Yield 108.9 mg (90%)**P NMR (162 MHz, CDGJ), &: 10.3 (s);
'H NMR (400 MHz, CDC}), & 1.35 (s, 9H, Ck 'Bu), 1.52 (m, 1H, Chl cod), 1.69
(m, 1H, CH, cod), 2.18 (m, 2H, Cklcod), 2.37 (m, 1H, CK cod), 2.53 (m, 3H, C}l
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cod), 2.80 (d, 1H?Ju.n = 12.0 Hz, CHS), 3.51 (m, 2H, CH=, cod), 4.15 (d, 13y =
12.0 Hz, CH-S), 4.17 (s, 1H, CH=, Cp), 4.48 (s, 1H, CH=, ChE6 (m, 6H, CH=,
Cp), 5.35 (m, 1H, CH=, cod), 5.45 (m, 1H, CH=, cod}-7.8 (m, 22H, CH=)*C
NMR (100 MHz, CDCY), & 27.4 (CH, cod), 28.4 (dJc.p = 2.4 Hz, CH, cod), 30.3 (d,
3)c.p= 4.6 Hz ,CH-S), 31.8 (CH, 'Bu), 32.1 (dJc.p = 2.3 Hz, CH, cod), 35.7 (dJc.p =
4.7 Hz, CH, cod), 59.1 (C'Bu), 62.6 (dJc.p = 60.4 Hz, C, Cp), 68.2 (CH=, cod), 69.0
(d, Je.p = 6.2 Hz, CH=, Cp), 69.1 (CH=, cod), 71.1 (CH=,)CT8.9 (d,Jc.p = 3.1 Hz,
CH=, Cp), 76.5 (dJc.p = 7.0 Hz, CH=, Cp), 84.8 (dJc.» = 16.3 Hz, C, Cp), 89.8 (d,
Je.p = 10.9 Hz, CH=, cod), 90.5 (dc.p = 11.6 Hz, CH=, cod), 117.6 (b, CH=, Bar
120.6-134.3 (aromatic carbons), 134.9 (b, CH=, BAt61.8 (q,'Jc.s= 50.4 Hz, C-B,
BArg). TOF-MS (ESI+): m/z = 773.1644, calcd. fog/Bs3BFasFelrPS [M-BAEH:
773.1645. Anal. calcd (%) forg@HssBFo4FelrPS: C, 49.19; H, 3.27; S, 1.96; found: C,
49.11; H, 3.25; S, 1.95. Suitable crystals for )-diffraction were achieved by slow
diffusion of petroleum ether to an isopropanol solu

[IT(cod)(5)]BArg: Yield 114.2 mg (90%)3'P NMR (162 MHz, CDGJ), &: 10.3 (s);
'H NMR (400 MHz, CDCJ), &: 1.28 (m, 1H, CH), 1.48 (m, 1H, GHcod), 1.59-1.72
(m, 6H, CH), 1.84 (m, 4H, Ch), 2.05-2.17 (m, 6H, Ch), 2.19 (m, 3H, Ck cod), 2.33
(m, 1H, CH, cod), 2.53 (m, 2H, Ck cod), 2.58 (m, 1H, CH cod), 2.82 (d, 1H:Jyn =
12.4 Hz, CH-S), 4.17 (s, 1H, CH=, Cp), 3.48 (m, 2H, CH=, catl},3 (d, 1H Jqn =
12.4 Hz, CH-S), 4.18 (b, 1H, CH=, Cp), 4.46 (b, 1H, CH=, CGh}1 (b, 1H, CH=, Cp),
4.55 (s, 5H, CH=, Cp), 5.49 (m, 2H, CH=, cod), 7.8-(m, 22H, CH=)C NMR (100
MHz, CDCh), & 22.6 (CH, Ad), 27.2 (CH, cod), 27.8 (dJc.r = 4.6 Hz, CH, cod),
27.9 (CH-S), 30.5 (CH, Ad), 32.0 (CH, cod), 35.3 (Ch Ad), 35.6 (dJc.r = 4.5 Hz,
CH,, cod), 43.9 (Ck Ad), 62.7 (d,*Jcr = 63.8 Hz, C, Cp), 67.4 (CH=, cod), 68.6
(CH=,cod), 68.7 (dJc.r = 6.0 Hz, CH=, Cp), 70.9 (CH=, Cp), 73.6 (@,» = 3.8 Hz,
CH=, Cp), 76.2 (dJc.p = 7.6 Hz, CH=, Cp), 84.7 (dJc.r = 16.7 Hz, C, Cp), 89.7 (d,
Je.p = 10.6 Hz, CH=, cod), 90.5 (dc.p = 12.2 Hz, CH=, cod), 117.4 (b, CH=, Bar
120.4-134.4 (aromatic carbons), 134.7 (b, CH=, At61.7 (q,'Jc.s = 50.2 Hz, C-B,
BArg). TOF-MS (ESI+): m/z = 851.2112, calcd. forsBsoBFasFelrPS [M-BAEH:
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851.2115. Anal. calcd (%) for&HsoBF.4FelrPS: C, 51.15; H, 3.47; S, 1.87; found: C,
51.11; H, 3.44; S, 1.85.

[Ir(cod)(6)|BArg: Yield 109.1 mg (89%)>'P NMR (162 MHz, CDGJ), &: 8.8 (s);
'H NMR (400 MHz, CDC}), &: 1.72 (m, 2H, CH, cod), 1.96 (m, 1H, CHS, cod), 2.24
(m, 1H, CH, cod), 2.46 (m, 2H, Ck cod), 2.57 (m, 2H, CH cod), 3.31 (d, 1H-Jyn =
12.8 Hz, CH), 3.70 (m, 1H, CH=, cod), 3.72 (m, 1H, CH=, co8)®4 (m, 1H, CH=,
cod), 4.17 (s, 1H, CH=, Cp), 4.43 (d, 13,.+ = 12.8 Hz, CH)), 4.51 (s, 1H, CH=, Cp),
4.59 (s, 1H, CH=, Cp), 4.65 (s, 5H, CH=, Cp), 488 1H, CH=, cod), 7.3-7.8 (b, 27H,
CH=); 3*C NMR (100 MHz, CDGJ), &: 27.1 (CH, cod), 29.8 (dJc.r = 2.4 Hz, CH,
cod), 30.9 (dJc.p = 2.4 Hz, CH, cod), 34.8 (dJc.p = 4.6 Hz, CH, cod), 38.7 (*Jc.p=
3.5 Hz, CH-S), 64.2 (dJcp = 63.6 Hz, C, Cp), 68.6 (dcp= 7.0 Hz, CH=, Cp), 70.9
(CH=, cod), 71.1 (CH=, Cp), 72.9 (CH=, cod), 735 Jc.p = 3.2 Hz, CH=, Cp), 76.2
(d, Je.p = 6.2 Hz, CH=, Cp), 84.0 (dJc.p = 16.3 Hz, C, Cp), 90.8 (dcp = 11.7 Hz,
CH=, cod), 94.4 (dJc.r = 10.8 Hz, CH=, cod), 117.4 (b, CH=, BAr120.4-134.2
(aromatic carbons), 134.7 (b, CH=, BAr161.6 (q,'Jc.s = 49.6 Hz, C-B, BAf). TOF-
MS (ESI+): m/z = 793.1330, calcd. fordElsBF.4FelrPS [M-BAR]": 793.1332. Anal.
calcd (%) for GoHa9oBF24FelrPS: C, 50.04; H, 2.98; S, 1.94; found: C, 491982.96; S,
1.92.

[IT(cod)(7)]BArg: Yield 112.5 mg (91%)*'P NMR (162 MHz, CDGJ), &: 8.9 (s);
'H NMR (400 MHz, CDC}), &: 1.71 (m, 2H, CH, cod), 1.85 (m, 1H, CHl cod), 2.21
(m, 2H, CH, cod), 2.41 (m, 1H, Ck cod), 2.54 (m, 3H, CH cod), 2.67 (d, 1H:Jyn =
12.4 Hz, CH), 3.64 (m, 1H, CH=, cod), 3.72 (m, 1H, CH=, cadl)76 (d, 1H Jyn =
12.4 Hz, CH), 3.83 (d, 1H2Jy.n = 13.2 Hz, CH-Ph), 4.11 (s, 1H, CH=, Cp), 4.22 (d,
1H, 2J4n = 13.2 Hz, CH-Ph), 4.41 (s, 1H, CH=, Cp), 4.42 (s, 1H, CH=, GbA7 (s,
5H, CH=, Cp), 4.90 (m, 1H, CH=, cod), 5.13 (m, 1EH=, cod), 7.1-7.8 (b, 27H,
CH=); *C NMR (100 MHz, CDGJ), &: 27.9 (d,Jc.p = 1.6 Hz, CH, cod), 29.6 (dJc.p =
2.4 Hz, CH, cod), 31.8 (dJcp = 2.3 Hz, CH, cod), 32.8 (dJc.p = 4.7 Hz, CH-S),
35.1 (d,Jc.p = 4.7 Hz, CH, cod), 44.5 (CkPh), 64.5 (dJc.p = 63.6 Hz, C, Cp), 69.1
(d, Je.p = 7.0 Hz, CH=, Cp), 71.2 (CH=, Cp), 72.1 (CH=, x;088.4 (CH=, cod), 73.5
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(d, Je.p = 3.9 Hz, CH=, Cp), 76.2 (dc.p = 7.0 Hz, CH=, Cp), 84.3 (dJc.p = 16.3 Hz,
C, Cp), 90.7 (dJc.p=11.6 Hz, CH=, cod), 91.2 (d¢.p = 11.6 Hz, CH=, cod), 117.6 (b,
CH=, BAry), 120.6-134.2 (aromatic carbons), 135.0 (b, CHArdR 161.8 (q,"Jc.s =
49.7 Hz, C-B, BAg). TOF-MS (ESI+): m/z = 807.1488, calcd. forBs:BF.4FelrPS
[M-BAr g™ 807.1489. Anal. calcd (%) for+gHs:BF.4FelrPS: C, 50.34; H, 3.08; S,
1.92; found: C, 50.27; H, 3.06; S, 1.89.

[Ir(cod)(8)|BArg: Yield 114.9 mg (91%)*'P NMR (162 MHz, CDGJ), &: 6.6 (S);
'H NMR (400 MHz, CDCY), & 1.62 (m, 3H, Chi, cod), 1.78 (m, 2H, CHl cod), 2.28
(m, 3H, CH, cod and CHS), 2.46 (m, 1H, CH cod, and ChS), 3.71 (m, 1H, CH=,
Cp), 3.86 (m, 1H, CH=, cod), 4.04 (m, 1H, CH=, co#lp6 (m, 1H, CH=, cod), 4.51
(m, 1H, CH=, Cp), 4.59 (s, 1H, CH=, Cp), 4.69 (s, ©H=, Cp), 4.70 (m, 1H, CH=,
cod), 7.4-7.9 (b, 29H, CH=}*C NMR (100 MHz, CDGJ), & 27.8 (b, CH, cod), 29.7
(b, CHp, cod), 30.2 (b, CH cod), 31.4 (CH+S), 33.4 (CH-S), 64.3 (dXJcp = 64.2 Hz,
C, Cp), 68.7 (dJcp = 6.4 Hz, CH=, Cp), 71.3 (CH=, Cp and CH=, cod,87(CH=,
cod), 76.3 (dJc.p = 5.9 Hz, CH=, Cp), 84.9 (dJcr = 20.4 Hz, C, Cp), 90.9 (dc.p =
10.8 Hz, CH=, cod), 95.0 (dc.p = 12.2 Hz, CH=, cod), 117.4 (b, CH=, BAr120.4-
134.2 (aromatic carbons), 134.8 (b, CH=, BAL61.7 (g Jc.s = 49.4 Hz, C-B, BAY).
TOF-MS (ESI+): m/z = 843.1487, calcd. for85:BF.4FelrPS [M-BAE": 843.14809.
Anal. calcd (%) for G3Hs:BFo4FelrPS: C, 51.39; H, 3.01; S, 1.88; found: C, 51833
2.99; S, 1.85. Major isomer (66%)P NMR (162 MHz, CDGJ, 228 K),d: 6.7 (s);*H
NMR (400 MHz, CDC4, 228 K),&: 1.5 - 2.5 (b, 8H, Ch cod), 3.64 (m, 2H, CH=,
cod), 3.70 (d, 1H%J.4= 12.0 Hz, CH), 3.88 (m, 1H, CH=, cod), 3.99 (b, 1H, CH=,
Cp), 4.17 (d, 1H?Jy.4= 12.0 Hz, CH), 4.50 (b, 1H, CH=, Cp), 4.60 (m, 1H, CH=, Cp),
4.63 (b, 1H, CH=, cod), 4.67 (s, 5H, CH=, Cp), 8.6-(m, 29H, CH=). Minor isomer
(33%):3'P NMR (162 MHz, CDGJ, 228 K),d: 8.8 (s);"H NMR (400 MHz, CDCJ, 228
K), &: 1.5 - 2.7 (b, 8H, CH cod), 3.28 (d, 1HJu.n= 12.0 Hz, CH), 3.64 (m, 2H, CH=,
cod), 3.94 (m, 1H, CH=, cod), 4.20 (b, 1H, CH=, Cp}5 (b, 1H, CH=, Cp), 4.60 (b,
1H, CH=, Cp), 4.73 (s, 5H, CH=, Cp), 4.88 (m, 1H4= cod), 6.6-8.5 (m, 29H, CH=).
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[IT(cod)(9)]BArg: Yield 113.4 mg (91%)*'P NMR (162 MHz, CDGJ), &: 5.9 (s);
'H NMR (400 MHz, CDC}), &: 1.76 (m, 2H, Chi, cod), 2.06 (m, 1H, CH cod), 2.20
(s, 3H, CH), 2.29 (m, 3H, Chi cod), 2.41 (m, 1H, Ck cod), 2.56 (m, 1H, CHl cod),
2.78 (s, 3H, Ch), 3.42 (d, 1H?Jy4 = 13.2 Hz, CH), 3.70 (m, 1H, CH=, cod), 3.83 (m,
1H, CH=, cod), 3.92 (m, 2H, CH=, cod and Cp), 3(891H, 2J4.4 = 13.2 Hz, CH),
4.51 (m, 2H, CH=, cod and Cp), 4.65 (s, 6H, CH=),0p1-7.8 (b, 25H, CH=)!°C
NMR (100 MHz, CDC}), &: 22.9 (CH), 23.1 (CH), 27.9 (b, CH, cod), 30.6 (b, CH
cod), 30.8 (dJcp = 2.3 Hz, CH, cod), 33.9 (dJcp = 4.6 Hz, CH, cod), 35.2 (b, CH
S), 64.1 (dJc.p = 63.9 Hz, C, Cp), 68.5 (CH=, cod), 68.7 Jd» = 6.1 Hz, CH=, Cp),
71.2 (CH=, Cp), 73.0 (CH=, cod), 73.9 (#,r = 2.1 Hz, CH=, Cp), 76.3 (dc.p = 7.8
Hz, CH=, Cp), 85.3 (fJc.p= 16.0 Hz, C, Cp), 89.9 (dc.p = 12.2 Hz, CH=, cod), 94.2
(d, Jc.p = 11.4 Hz, CH=, cod), 117.4 (b, CH=, BAr120.4-134.0 (aromatic carbons),
134.7 (b, CH=, BAs), 140.3 (C), 142.0 (C), 161.6 (§lce = 49.6 Hz, C-B, BAY).
TOF-MS (ESI+): m/z = 821.1642, calcd. for:8s:BF.4FelrPS [M-BAE": 821.1645.
Anal. calcd (%) for GHs3BFo4FelrPS: C, 50.64; H, 3.17; S, 1.90; found: C, 50181
3.16; S, 1.88.

[IT(cod)(10)]BArE: Yield 108.0 mg (90%)*'P NMR (162 MHz, CDG), &: 25.0 (s);
'H NMR (400 MHz, CDGC}), &: 1.09 (s, 9H, Ck 'Bu), 1.68 (m, 1H, Ch cod), 1.84
(m, 1H, CH, cod), 2.16 (m, 2H, Cklcod), 2.32 (m, 1H, CK cod), 2.42 (m, 1H, C§l
cod), 2.52 (m, 2H, Ck cod), 3.79 (m, 1H, CH=, cod), 4.32 (s, 5H, CH#),G1.49 (b,
1H, CH=, Cp), 4.60 (m, 1H, CH=, cod), 4.79 (m, XEH=, cod), 4.95 (b, 1H, CH=,
Cp), 5.21 (s, 1H, CH=, Cp), 5.54 (s, 1H, CH=, cad}-7.8 (m, 22H, CH=}*C NMR
(100 MHz, CDC}), &: 27.4 (d,Jc.p = 2.3 Hz, CH, cod), 29.1 (dJcp = 2.2 Hz, CH,
cod), 31.0 (CH, 'Bu), 33.2 (b, CH, cod), 35.5 (dJc.p = 4.5 Hz, CH, cod), 61.8 (C,
'‘Bu), 70.8 (CH=, Cp), 71.7 (CH=, cod), 72.7 (CH=,)CPB.2 (CH=, cod), 73.6 (dc.p
= 9.1 Hz, CH=, Cp), 79.2 (dJcp = 62.1 Hz, C, Cp), 80.2 (dc.p = 14.5 Hz, CH=, Cp),
85.2 (d,%Jc.p = 26.4 Hz, C, Cp), 86.4 (dc.p = 14.5 Hz, CH=, cod), 94.3 (dc.r = 9.9
Hz, CH=, cod), 117.4 (b, CH=, BAr, 120.4-133.1 (aromatic carbons), 134.7 (b, CH=,
BArg), 161.7 (q.Jc.s = 49.4 Hz, C-B, BAY). TOF-MS (ESI+): m/z = 759.1484, calcd.
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for CegHs1BF24FelrPS [M-BAE": 759.1489. Anal. calcd (%) foregHsiBF24FelrPS: C,
48.87; H, 3.17; S, 1.98; found: C, 48.81; H, 3.351.94.

[IT(cod)(11)]BAre: Yield 111.2 mg (90%)*'P NMR (162 MHz, CDGJ), &: 3.9 (s);
'H NMR (400 MHz, CDGC)), &: 0.71 (d, 3H3Ju.n = 6.8 Hz, CH), 1.69 (m, 2H, CH
cod), 2.01 (m, 1H, C§l cod), 2.17 (m, 1H, Ck cod), 2.42 (m, 2H, Cklcod), 2.46 (m,
1H, CH,, cod), 2.56 (m, 1H, CH cod), 3.48 (m, 1H, CH=, cod), 3.54 (m, 1H, CH=,
cod), 4.11 (s, 1H, CH=, Cp), 4.32 (m, 1H, CH=, ¢at}0 (s, 7H, CH=, Cp), 4.61 (q,
1H, 3344 = 6.8 Hz, CH), 4.72 (m, 2H, CH=, cod), 7.5-7.8 #2H, CH=);*C NMR
(100 MHz, CDC}), &: 22.9 (CH, cod), 29.7 (Chl cod), 31.0 (CH cod), 34.9 (CH
cod), 47.7 (CH), 63.5 (dJc.p = 61.5 Hz, C, Cp), 69.1 (dc.p =6.9 Hz, CH=, Cp), 70.9
(CH=, cod), 71.5 (CH=, Cp), 72.1 (CH=,cod), 74.H{€ cod), 74.5 (dJcp = 6.1 Hz,
CH=, Cp), 90.8 (d®Jc.p = 16.7 Hz, C, Cp), 93.4 (dc.p = 10.6 Hz, CH=, cod), 93.8 (d,
Jcp = 10.6 Hz, CH=, cod), 117.4 (b, CH=, BAr120.4-134.2 (aromatic carbons),
134.7 (b, CH=, BAg), 135.0 (CH=, Cp), 161.7 (4Jc.s = 49.8 Hz, C-B, BAz). TOF-
MS (ESI+): m/z = 807.1488, calcd. fordEls:BF.4FelrPS [M-BAR]": 807.1489. Anal.
calcd (%) for GoHs1BF24FelrPS: C, 50.34; H, 3.08; S, 1.92; found: C, 50K13.06; S,
1.90.

[Ir(cod)(12)]BArg: Yield 111.9 mg (89%). TOF-MS (ESI+): m/z = 835.1804lcd.
for C7oHssBF24FelrPS [M-BAE": 835.1802. Anal. calcd (%) for;@HssBF24FelrPS: C,
50.93; H, 3.26; S, 1.89; found: C, 50.88; H, 3.24;1.84. Major isomer (85%§'P
NMR (162 MHz, CDC}), &: 3.0 (s);*H NMR (400 MHz, CDCJ), &: 0.71 (d, 3H334n
= 6.8 Hz, CH), 1.83 (m, 2H, CH cod), 2.10 (m, 1H, CH cod), 2.30 (m, 1H, C¥}l
cod), 2.39 (m, 2H, C§l cod), 2.46 (m, 1H, Cklcod), 2.57 (m, 1H, CH cod), 2.62 (s,
3H, CHs-Ar), 2.79 (s, 3H, CHHAT), 3.36 (m, 1H, CH=, cod), 3.58 (m, 1H, CH=, §od
4.00 (m, 1H, CH=, cod), 4.11 (b, 1H, CH=, Cp), 4(526H, CH=, Cp), 4.62 (m, 2H,
CH and CH=, Cp), 4.64 (m, 1H, CH=, cod), 7.2-7.7, @BH, CH=);**C NMR (100
MHz, CDCk), &: 21.2 (CH), 23.1 (CH-Ar), 24.8 (CH-Ar), 26.8 (CH, cod), 29.8
(CHz, cod), 31.2 (CH} cod), 34.8 (dJc./= 3.2 Hz, CH, cod), 47.0 (CH), 63.8 (dJcp
= 61.5 Hz, C, Cp), 69.0 (dcp =6.9 Hz, CH=, Cp), 69.7 (CH=, cod), 70.3 (CH=,cod)
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71.4 (CH=, Cp), 74.3 (dlc.p = 6.9 Hz, CH=, Cp), 74.8 (dcp = 3.8 Hz, CH=, Cp),
90.8 (d,2Jc.p = 16.8 Hz, C, Cp), 92.6 (dc.p = 11.4 Hz, CH=, cod), 94.2 (dc.p = 10.6
Hz, CH=, cod), 117.4 (b, CH=, BAr 120.4-134.7 (aromatic carbons), 134.7 (b, CH=,
BArg), 140.4-143.9 (aromatic carbons), 161.9'(g,s = 49.4 Hz, C-B, BA#). Minor
isomer (15%):*'P NMR (162 MHz, CDGJ), &: 5.7 ppm (s);'H NMR (400 MHz,
CDCl), & 1.35 (d, 3H,2J4.4 = 6.8 Hz, CH), 1.92 (m, 1H, Ch cod), 2.11 (m, 1H,
CHy, cod), 2.23 (s, 3H, C#Ar), 2.2 - 2.6 (m, 6H, ChH cod), 2.74 (s, 3H, C#Ar),
3.63 (m, 2H, CH and CH=, cod), 3.75 (m, 2H, CH=g)¢®.93 (m, 1H, CH=, Cp), 4.52
(b, 1H, CH=, cod), 4.56 (m, 1H, CH=, Cp), 4.6658l, CH=, Cp), 4.73 (m, 1H, CH=,
Cp), 7.2-7.7 (m, 25H, CH=)C NMR (100 MHz, CDGJ), &: 17.1 (CH), 22.8 (CH-
Ar), 23.7 (CH-Ar), 27.6 (CH, cod), 29.6 (CH cod), 34.3 (dJc./= 3.3 Hz, CH, cod),
42.8 (CH), 64.8 (d'Jcp = 60.8 Hz, C, Cp), 69.3 (b, CH=, Cp), 71.1 (CH})C72.3
(CH=,cod), 74.4 (dJc.p =5.8 Hz, CH=, Cp), 75.2 (dcp = 3.2 Hz, CH=, Cp), 89.3 (d,
2Je.p = 19.1 Hz, C, Cp), 90.1 (dcp = 10.4 Hz, CH=, cod), 95.7 (dc.p = 14.3 Hz,
CH=, cod), 134.7 (b, CH=, BA), 140.4-143.9 (aromatic carbons), 161.7 (@, =
49.4 Hz, C-B, BA§).

General procedure for the hydrogenation of olefins

The alkene (0.5 mmol) and Ir complex (1 mol %) weissolved in CHCI, (2 mL)
in a high-pressure autoclave, which was purged fiougs with hydrogen. Then, it was
pressurized to the desired pressure. After therebbseaction time, the autoclave was
depressurized and the solvent evaporated off. €hielue was dissolved in £t (1.5
ml) and filtered through a short Celite plug. Timametiomeric excess was determined by
chiral GC or chiral HPLC and conversions were deteed by 'H NMR. The
enantiomeric excesses of hydrogenated products 8bi85,'%* $6,%" 57,1°2 $8-59,5°
S10,*% S11,5° S12,* S13,° S14,5 S15-S16,5” S17,7°%S18,2™° S19-S23,7%2 524,* 525,102

S26-S32,%4 $33,22334,%%2were determined using the conditions describedipusty.
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SI.1. Full set of results for the asymmetric hydrogenation of trisubstituted

olefins S4-S19

Entry Substrate L % Conv  %ee | Entry Substrate L % Conv  %ee
1 S4 1 100 36(S) | 37 S7 1 100 50 (S)
2 S4 2 100 20(S) | 38 S7 2 100 4 (R)
3 S4 3 100 17(S) | 39 S7 3 100 3(R)
4 S4 4 100 5(9 | 40 S7 4 100 96 (R)
5 S4 5 100 9(R) | 41 Y 5 100 58 (S)
6 S4 6 100 26(S) | 42 S7 6 100 40 (S)
7 S4 7 100 46 (S) | 43 S7 7 100 21 (S)
8 S4 8 100 20(S) | 44 S7 8 100 33 (S)
9 S4 9 100 0 | 45 Y 9 100 34 (R)
10 S4 10 100 40(S) i 46 S7 10 100 92 (S)
11 S4 11 100 20(9) | 47 S7 11 100 92 (S)
12 S5 12 100 35(R) | 48 S7 12 100 92 (R)
13 S5 1 100 28 (S) | 49 S12 1 100 43 (R)
14 S5 2 100 15(8) | 50 S12 2 100 57 (R)
15 S5 3 100 11(S) ¢ 51 S12 3 100 62 (R)
16 S5 4 100 20(R) | 52 S12 4 100 44 (R)
17 S5 5 100 16(S) i 53 S12 5 100 57 (S)
18 S5 6 100 19(S) | 54 S12 6 100 70 (R)
19 S5 7 100 27(R): 55 S12 7 100 45 (R)
20 S5 8 100 20(S) | 56 S12 8 100 80 (R)
21 S5 9 100 19(8) | 57 S12 9 100 70 (S)
22 S5 10 100 32(S) | 58 S12 10 100 76 (S)
23 S5 11 100 15R) | 59 s12 11 100 28 (R)
24 S5 12 100 28(R) ! 60 S12 12 100 21 (S)
25 S6 1 100 22(S) | 61° S13 1 100 50 (+)
26 S6 2 100 12(S) | 62° S13 2 100 48 (+)
27 S6 3 100 15(S) 1 63° S13 3 100 43 (+)
28 S6 4 100 14(R) | 64° S13 4 100 62 (+)
29 S6 5 100 14 (S) © 65 S13 5 69 55 (+)
30 S6 6 100 8(S) | 66° S13 6 100 61 (+)
31 S6 7 100 12R): 67° S13 7 100 50 (+)
32 S6 8 100 11(S) | 68 S13 8 100 48 (+)
33 S6 9 100 12(S) | 69° S13 9 100 64 (+)
34 S6 10 100 17(S) © 70° S13 10 100 50 (+)
35 S6 11 100 2(R) | 71° s13 11 100 32 (+)
36 S6 12 100 14(R) ! 72° S13 12 50 8 (-)

* Reactions carried out at room temperature using 0.5 mmol of substrate and 1 mol% of Ir-catalyst
precursor at 100 bar of H, with dichloromethane (2 mL) as solvent. Conversion measured by 'H-NMR after
4 h. Enantiomeric excess determined by GC or HPLC. ® Reaction carried out for 18 h.
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SI.1. Full set of results for the asymmetric hydrogenation of trisubstituted

olefins S4-S19 (continuation)

Ent[y Substrate L % Conv  %ee | Entrby Substrate L % Conv  %ee
73 S14 1 100 21(S) | 103 S17 7 100 14 (S)
74° S14 2 100 5(S) | 104° S17 8 100 44 (R)
75° S14 3 100 7(S) | 105 S17 9 100 20 (R)
76° S14 4 100 18(S) | 106 S17 10 100 85 (R)
77° S14 5 100 11(S) | 107° S17 11 100 90 (S)
78° S14 6 100 14 (S) | 108° s17 12 100 50 (R)
79° S14 7 100 21(S) | 109° S18 1 100 20 (S)
80° S14 8 100 20(S) | 110° S18 2 100 28 (S)
81° S14 9 100 11(5) ¢ 111° S18 3 100 23 (S)
82° S14 10 100 6(R) | 112° S18 4 100 66 (S)
83° S14 11 100 33(S) ¢ 113° S18 5 100 70 (R)
84° S14 12 100 47 (S) | 114° S18 6 100 5(S)
85° S16 1 100 14(R) | 115° S18 7 100 16 (S)
86° S16 2 100 9(R) ! 116" S18 8 100 24 (S)
87° S16 3 100 4(R) | 117° S18 9 100 30 (R)
88" S16 4 100 56 (R) | 118" S18 10 100 84 (S)
89° S16 5 100 21(S) | 119° s18 11 100 50 (S)
90° S16 6 100 19(R) | 120 S18 12 100 64 (R)
91° S16 7 100 11 (R): 121° S19 1 100 18 (R)
92° S16 8 100 13(R) | 122° S19 2 100 5(R)
93P S16 9 100 9(R) | 123° S19 3 100 4 (R)
94° S16 10 100 70(S) | 124° S19 4 100 3(R)
95° S16 11 100 12(R) | 125° S19 5 100 21 (R)
96° s16 12 100 81(S) | 126 S19 6 100 5(R)
97° S17 1 100 10(R) | 127° S19 7 100 14 (R)
98° S17 2 100 38 (R) | 128° S19 8 100 51 (R)
99° S17 3 100 38 (R) | 129° S19 9 100 76 (R)
100 S17 4 100 50 (S) | 130° S19 10 100 92 (R)
101° S17 5 100 66 (R) | 131° S19 11 100 68 (S)
102° S17 6 100 2(S) | 132° S19 12 100 30 (R)

* Reactions carried out at room temperature using 0.5 mmol of substrate and 1 mol% of Ir-catalyst
precursor at 100 bar of H, with dichloromethane (2 mL) as solvent. Conversion measured by 'H-NMR after

4 h. Enantiomeric excess determined by GC or HPLC. ® Reaction carried out for 18 h.
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SI.2. Full set of results for the asymmetric hydrogenation of 1,1-disubstituted

olefins S24-S34

Entry Substrate L % Conv  %ee | Entry Substrate L % Conv  %ee
1 S24 1 100 7(5 | 31 S28 4 100 75 (S)
2 S24 2 100 5(5) ¢ 32 S28 10 100 78 (R)
3 S24 3 100 2(R) | 33 S28 12 100 39 (R)
4 S24 4 100 8(S) | 34 S29 4 100 77 (S)
5 S24 5 100 3(S) ¢ 35 S29 10 100 79 (R)
6 S24 6 100 8(S) | 36 S29 12 100 39 (R)
7 S24 7 100 4(R) | 37 S30 4 100 74 (S)
8 S24 8 100 11(S) | 38 S30 10 100 75 (R)
9 S24 9 100 4(S) i 39 S30 12 100 33 (R)
10 S24 10 100 2(5) i 40 S31 4 100 72 (S)
11 S24 11 100 14(R) | 41 S31 10 100 75 (R)
12 S24 12 100 6(R) | 42 S31 12 100 29 (R)
13 S25 1 100 8(S) | 43 S32 4 100 69 (S)
14 S25 2 100 5(5) | 44 S32 10 100 72 (R)
15 S25 3 100 2(S) | 45 S32 12 100 29 (R)
16 S25 4 100 13(S) | 46° S33 1 100 16 (S)
17 S25 5 100 1(S) i 47° S33 2 100 8 (S)
18 S25 6 100 8(S) | 48 S33 3 100 2(S)
19 S25 7 100 9(R) | 49° S33 4 100 30 (S)
20 S25 8 100 10(S) i 50° S33 5 100 12 (S)
21 S25 9 100 7(S) | 51° S33 6 100 5(S)
22 S25 10 100 0(S) | 52° S33 7 100 8(S)
23 S25 11 100 16 (R) | 53° S33 8 100 16 (S)
24 S25 12 100 10(R) : 54° S33 9 100 12 (S)
25 S26 4 100 86 (S) i 55° S33 10 100 94 (R)
26 S26 10 100 87 (R) | 56° S33 11 100 92 (S)
27 S26 12 100 43(R): 57° S33 12 100 49 (R)
28 S27 4 100 88 (S) | 58 S34 4 100 34 (S)
29 S27 10 100 90 (R) : 59" S34 10 100 93 (R)
30 S27 12 100 51(R) | 60° S34 12 100 39 (R)

* Reactions carried out at room temperature using 0.5 mmol of substrate and 1 mol% of Ir-catalyst
precursor at 1 bar of H, with dichloromethane (2 mL) as solvent. Conversion measured by 'H-NMR after 4
h. Enantiomeric excess determined by GC or HPLC. ® Reaction carried out at 50 bar of H,.
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S1.3. Characterization and ee determination details of hydrogenated

compounds

1-(sec-Butyl)-4-methoxybenzene.! Enantiomeric excess determined by GC using
Chiradex B-DM column (100 kPa H,, 60 °C for 30 min, 3 °C/min
* until 175 °C). tg 46.3 min (S); tg 47.0 min (R). "H NMR (CDCl,), §:
0.81 (t, 3H, J= 7.5 Hz), 1.21 (d, 3H, J= 6.6 Hz), 1.55 (m, 2H), 2.53
(m, 1H), 3.79 (s, 3H), 6.84 (m, 2H), 7.10 (m, 2H).

MeO

(3,3-Dimethylbutan-2-yl)benzene.! Enantiomeric excess determined by GC using

Chiradex B-DM column (100 kPa H,, 60 °C for 30 min, 3 °C/min until

Q/H/ 175 °C). tg 47.2 min (S); tz 47.8 min (R). '"H NMR (CDCls), &: 0.83 (s,
9H), 1.24 (d, 3H, J= 6.8 Hz), 2.54 (q, 1H, J= 6.8 Hz), 7.1-7.3 (m, 5H).

(3-Methylbutan-2-yl)benzene.! Enantiomeric excess determined by GC using Chiradex

20.9 min (S); tg 22.4 min (R). '"H NMR (CDCls), &: 0.76 (d, 3H, J= 7.6
Hz), 0.92 (d, 3H, J= 7.6 Hz), 1.23 (d, 3H, J= 6.8 Hz), 1.79 (m, 1H), 2.42
(m, 1H), 7.1-7.3 (m, 5H).

w B-DM column (100 kPa H,, 60 °C for 30 min, 3 °C/min until 175 °C). tg

6-Methoxy-1-naphthyl-1,2,3,4-tetrahydronaphthalene.' Enantiomeric excess

determined by GC using Chiradex B-DM column (100 kPa H,, 60 °C

for 30 min, 3 °C/min until 175 °C). tg 58.7 min (R); tg 58.9 min (S). 'H

MeO NMR (CDCly), &: 1.38 (d, 3H, J= 6.8 Hz), 1.59 (m, 1H), 1.78 (m, 1H),

1.94 (m, 2H), 2.81 (m, 2H), 2.97 (m, 1H), 3.87 (s, 3H), 6.77 (dd, 1H, J=2.8 Hz, J= 8.4
Hz), 6.85 (d, 1H, J=2.8 Hz), 7.06 (d, 1H, J= 8.4 Hz).

1-1sopropyl-6-methoxy-1,2,3,4-tetrahydronaphthalene. Enantiomeric excess

~_~ determined by GC using Chiradex B-DM column (100 kPa H,, 60 °C

for 30 min, 3 °C/min until 175 °C). tg 63.6 min (R); tg 63.8 min (S). 'H

MeO O‘ NMR (CDCly), 6: 0.76 (d, 3H, J= 7.2 Hz), 0.99 (d, 3H, J= 7.2 Hz), 1.62

(m, 2H), 1.78 (m, 1H), 1.91 (m, 1H), 2.21 (m, 1H), 2.70 (m, 3H), 3.77 (s, 3H), 6.67 (s,
1H), 6.67 (d, 1H, J=8.0 Hz), 7.11 (d, 1H, J= 8.4 Hz).

' K. Kllstrém, C. Hedberg, P. Brandt, A. Bayer, P. G. Andersson, J. Am. Chem. Soc. 2004, 126, 14308.
> D. H. Woodmansee, M.-A. Miiller, M. Neuburger, A. Pfaltz, Chem. Sci. 2010, 1, 72.
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Ethyl 3-phenylbutanoate.' Enantiomeric excess determined by HPLC using Chiracel
IB column (hexane/2-propanol=99.5/0.5, 1 mL/min, 254 nm). tg
©)*\/C°OE‘ 9.5 min (R); tg 18.2 min (S). '"H NMR (CDCls), &: 1.16 (t, 3H, J= 7.2
Hz), 1.30 (d, 3H, J= 6.8 Hz), 2.54 (m, 2H), 3.28 (m, 1H), 4.08 (q, 2H,
J=7.2 Hz), 7.2-7.4 (m, 5H).

Ethyl 3-(p-tolyl)butanoate.’ Enantiomeric excess determined by HPLC using Chiracel
IB column (hexane/2-propanol=99.5/0.5, 0.5 mL/min, 254 nm).
/O)NCOOH tx 12.3 min (R); tx 13.0 min (S). '"H NMR (CDCLy), &: 1.18 (t, 3H,
J=7.2 Hz), 1.28 (d, 3H, J= 6.0 Hz), 2.31 (s, 3H), 2.56 (m, 2H), 3.25
(m, 1H), 4.08 (q, 2H, J="7.2 Hz), 7.12 (m, 4H).

Ethyl 3-(4-methoxyphenyl)butanoate.” Enantiomeric excess determined by HPLC
using Chiracel IB column (hexane/2-propanol=99.5/0.5, 0.5

@Cma mL/min, 254 nm). tx 18.5 min (R); tx 19.5 min (S). "H NMR

MeO (CDCLy), &: 1.19 (t, 3H, J= 7.2 Hz), 1.26 (d, 3H, J= 6.4 Hz),

2.54 (m, 2H), 3.24 (m, 1H), 3.29 (s, 3H), 4.07 (q, 2H, J= 7.2 Hz), 6.83 (m, 2H), 7.15
(m, 2H).

Ethyl 3-(4-fluorophenyl)butanoate.* Enantiomeric excess determined by HPLC using
Chiracel AS-H column (hexane/2-propanol=99.5/0.5, 1

COOEt
/©/*k/ mL/min, 254 nm). tg 25.8 min (R); tx 26.2 min (S). '"H NMR
=

(CDCly), &: 1.15 (t, 3H, J= 7.2 Hz), 1.28 (d, 3H, J= 6.8 Hz), 2.54
(m, 2H), 3.25 (m, 1H), 4.07 (m, 2H), 6.9-7.2 (m, 4H).

Ethyl 3-phenylpentanoate.’ Enantiomeric excess determined by HPLC using Chiracel
Et IC column (hexane/2-propanol=99.5/0.5, 0.5 mL/min, 254 nm). tg

©/&COOB 11.6 min (R); tg 12.1 min (S). '"H NMR (CDCl), &: 0.79 (t, 3H, J=
7.2 Hz), 1.13 (t, 3H, J= 7.2 Hz), 1.53 (d, 3H, J= 6.0 Hz), 1.62 (m,
2H), 2.60 (m, 2H), 2.99 (m, 1H), 4.03 (q, 2H, J= 7.2 Hz), 7.21 (m, 2H), 7.34 (m, 3H).

3W.-J. Lu, Y.-W. Chen, X.-L. Hou, Adv. Synth. Catal. 2010, 352, 103-107.
*R. E. Deasy, M. Brossat, T. S. Moody, A. R. Maguire, Tetrahedron: Asymmetry 2011, 22, 47.
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2,2'-(1-Phenylethane-1,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane).’
_ Enantiomeric excess were determined after oxidation of the
fpln Bpin pinacolborane derivative to the corresponding diol using NaOH (3N,
©/\/ 2.0 mL) and H,0, (30%, 1.5 mL). Enantiomeric excess determined by
HPLC using Chiracel OD-H column (hexane/2-propanol=95/5, 0.5 mL/min, 254
nm). tg 18.3 min (R); tg 19.6 min (S). '"H NMR (CDCl3), 8: 1.10 (dd, 1H, J= 5.4 Hz, J=
16.0 Hz), 1.17 (s, 6H), 1.20 (s, 6H), 1.21 (s, 12H), 1.38 (dd, 1H, J= 11.2 Hz, J= 16.0

Hz), 2.53 (dd, 1H, J= 5.4 Hz, J= 11.2 Hz), 7.1-7.3 (m, 5H).

2-(1,2-Diphenylethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane.® Enantiomeric excess
determined by HPLC using Chiracel OJ-H column (hexane/2-
propanol=99/1, 0.5 mL/min, 254 nm). tg 9.5 min (-); tg 12.9 min
(+). '"H NMR (CDCly), &: 1.12 (s, 6H), 1.13 (s, 6H), 2.71 (dd, 1H, J=
6.8 Hz, J=10.0 Hz), 2.98 (dd, 1H, J= 7.0 Hz, J= 13.6 Hz), 3.17 (dd, 1H, J=9.6 Hz, J=
13.6 Hz), 7.1-7.4 (m, 10H).

3-Methyl-4-phenylbutan-2-one.” Enantiomeric excess determined by HPLC using
o Chiracel OJ-H column (hexane/2-propanol=97/3, 1 mL/min, 220
nm). tg 10.2 min (S); tz 10.4 min (R). '"H NMR (CDCls), &: 1.09 (d,
3H, J= 6.8 Hz), 2.09 (s, 3H), 2.56 (m, 1H), 2.83 (m, 1H), 3.01 (m, 1H),
7.1-7.3 (m, SH).

3-Phenylcyclohexanone.® Enantiomeric excess determined by GC using Chiradex B-

DM column (82.5 kPa H;, 50 °C for 2 min, 1 °C/min until 175 °C). tg 87.8

q min (R); tg 88.5 min (S). '"H NMR (CDCl), 8: 1.82 (m, 2H), 2.12 (m, 2H),
Ph 2.3-2.7 (m, 4H), 3.02 (m, 1H), 7.0-7.5 (m, 5H)

3-Methylcyclohexanone.® Enantiomeric excess determined by GC using Chiradex B-

DM column (82.5 kPa H,, 60 °C for 30 min, 3 °C/min until 175 °C). tg 14.4

q min (R); tg 14.6 min (S). "H NMR (CDCl3), 8: 0.97 (d, 3H, J= 6.4 Hz), 1.28
(m, 1H), 1.61 (m, 1H), 1.89 (m, 4H), 2.24 (m, 3H).

> A. Paptchikhine, P. Cheruku, M. Engman, P. G. Andersson, Chem. Commun. 2009, 5996.

% A. Gani¢, A. Pfaltz, Chem. Eur. J. 2012, 18, 6724.

7S. M. Lu, C. Bolm, Angew. Chem. Int. Ed. 2008, 47, 8920.

87.J. Verendel, J.-Q. Li, X. Quan, B. Peters, T. Zhou, O. R. Gautun, T. Govender, P. G. Andersson,
Chem. Eur. J. 2012, 18, 6507.
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N-Benzyl-2-methyl-3-phenylpropanamide.’ Enantiomeric excess determined by HPLC

o using Chiracel OD-H column (hexane/2-propanol=95/5, 1

©/\‘QLNHB,1 mL/min, 210 nm). tx 26.5 min (S); tx 29.9 min (R). 'H NMR

(CDCly), 3: 1.23 (d, 3H, J= 6.8 Hz), 2.47 (m, 1H), 2.70 (dd, 1H, J=

6.4 Hz, J= 13.4 Hz), 2.98 (dd, 1H, J= 8.8 Hz, J= 13.4 Hz), 4.32 (m, 2H), 5.66 (b, 1H),
7.0-7.3 (m, 10H).

3-Benzyltetrahydro-2H-pyran-2-one.'® Enantiomeric excess determined by HPLC
9 using Chiracel OJ-H column (hexane/2-propanol=90/10, 1 mL/min,
©/\<!\o 210 nm). tg 39.4 min (R); tz 43.9 min (S). '"H NMR (CDCl), &: 1.51
(m, 1H), 1.83 (m, 3H), 2.71 (m, 2H), 3.35 (m, 1H), 4.26 (m, 2H), 7.1-

7.3 (m, SH).
1-Phenylpropyl diphenylphosphinate.!' Enantiomeric excess determined by HPLC
Et using Chiralcel AD (hexane/2-propanol=90/10, 0.5 mL/min, 220
(j/gop(owh2 nm). tg = 28.9 min (R); tx 41.7 min (S). '"H NMR (CDCl;), &:

0.87(dt, 3H, J = 7.2, 2.4 Hz), 1.98 (m, 1H), 2.12 (m, 1H), 5.30 (m,
1H), 7.2-7.3 (m, 7H), 7.4-7.7 (m, 6H), 7.8-7.9 (m, 2H).

Ethyl  3-((diphenylphosphoryl)oxy)-3-phenylpropanoate.'’  Enantiomeric  excess
cooet  determined by HPLC wusing Chiralcel OD-H (hexane/2-
©/*(OP(O)Ph2 propanol=90/10, 0.5 mL/min, 220 nm). tg = 29.1 min (R); tr 32.9
min (S). '"H NMR (CDCly), &: 1.14 (t, 3H, J = 7.2 Hz), 2.92 (dd, 1H,
J=7.1Hz,J=15.2 Hz),3.24 (dd, 1H,J=7.1 Hz, J = 15.2 Hz), 4.01 (m, 2H), 5.82 (m,
1H), 7.32 (m, 7H), 7.48 (m, 4H), 7.61 (m, 2H), 7.82 (m, 2H).

? a) W.-J. Lu, X.-L. Hou, Adv. Synth. Catal. 2009, 351, 1224-1228. b) C. Metallinos, L. V. Belle, J.
Organomet. Chem. 2011, 696, 141-149.

' X. Liu, Z. Han, Z. Wang, K. Ding Angew. Chem. Int. Ed. 2014, 53, 1978.

'"'P. Cheruku, J. Diesen, P. G. Andersson, J. Am. Chem. Soc. 2008, 130, 5595.
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Ethyl 3-((diphenylphosphoryl)oxy)-3-(4-(trifluoromethyl)phenyl)propanoate. "’

Enantiomeric excess determined by HPLC using Chiralcel OD-
__COOEt

H (hexane/2-propanol=90/10, 0.5 mL/min, 220 nm). tg = 17.5

+~OP(O)Ph
. * min (R); tg 26.0 min (S). 'H NMR (CDCly), &: 1.13 (t, 3H, J =
3

7.2 Hz), 2.89 (dd, 1H, J = 6.4 Hz, J= 15.6 Hz), 3.20 (dd, 1H, J =
6.4 Hz, J= 15.6 Hz), 4.00 (m, 2H), 5.82 (br, 1H), 7.3-7.8 (m, 14H)

2,2-Dimethylpentan-3-yl diphenylphosphinate."' Enantiomeric excess determined by
HPLC using Chiralcel IA (hexane/2-propanol=95/5, 0.5 mL/min, 220
nm). tg = 26.5 min (R); tz 28.8 min (S). 'H NMR (CDCl;), &: 0.70 (t,
3H, J=7.2 Hz), 0.90 (s, 3H), 1.14 (m, 2H), 1.01 (s, 9H), 1.55 (m, 2H),
4.26 (m, 1H), 7.3-7.8 (m, 10H)

Et

= OP(O)Ph,

Ethyl  3-((diphenylphosphoryl)oxy)-4-methylpentanoate.'"  Enantiomeric  excess

__COOEt determined by HPLC using Chiralcel AS-H (hexane/2-propanol=95/5,
0.5 mL/min, 220 nm). tg = 17.0 min (S); tz 25.2 min (R). '"H NMR
(CDCl3), 8: 0.92 (dd, 3H, J= 8.0 Hz, J= 6.8 Hz), 1.14 (t, 3H, J= 7.2
Hz), 2.07 (m, 1H), 2.56 (dd, 1H, J= 15.4 Hz, J= 5.2 Hz), 2.75 (dd, 1H, J=15.2 Hz, J=
7.2 Hz), 3.93 (m, 2H), 4.73 (m, 1H), 7.4 - 7.7 (m, 10H).

> OP(O)Ph,

(4-Methylpentan-2-yl)benzene.'> Enantiomeric excess determined by GC using
Chiradex B-DM column (100 kPa H,, 60 °C for 30 min, 3 °C/min until
* 175 °C). tg 27.9 min (S); tg 29.5 min (R). '"H NMR (CDCls), &: 0.84 (d,
3H,J=6.8 Hz), 0.87 (d, 3H, J = 6.8 Hz), 1.21 (d, 3H, J=7.2 Hz), 1.36

(m, 2H), 1.45 (m, 1H), 2.79 (m, 1H), 7.19 (m, 2H), 7.29 (m, 3H).
1-(3,3-Dimethylbutan-2-yl)-4-methylbenzene. Enantiomeric excess determined by GC
using Chiradex B-DM column (100 kPa H,, 60 °C for 30 min, 3 °C/min
* until 175 °C). tg 39.3 min (S); tg 39.7 min (R). '"H NMR (CDCl;), :
0.82 (s, 9H), 1.23 (d, 3H, J= 6.8 Hz), 2.33 (s, 3H), 2.43 (q, 1H, J= 6.8

Hz), 7.06 (m, SH).

"2 T. Ohta, H. Ikegami, T. Miyake, H. Takaya, J. Organomet. Chem. 1995, 502, 169.
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1-(3,3-Dimethylbutan-2-yl)-4-methoxybenzene. Enantiomeric excess determined by

GC using Chiradex B-DM column (100 kPa H,, 60 °C for 30 min, 3

; °C/min until 175 °C). tg 53.4 min (S); tg 53.8 min (R). '"H NMR

(CDCl3), 9: 0.78 (s, 9H), 1.16 (d, 3H, J= 6.8 Hz), 2.42 (q, 1H, J= 6.8
Hz), 3.71 (s, 3H), 6.72 (d, 2H, J= 7.2 Hz), 6.94 (d, 2H, J= 7.2 Hz).

3

MeO

1-(3,3-Dimethylbutan-2-yl)-4-(trifluoromethyl)benzene. Enantiomeric excess
determined by GC using Chiradex B-DM column (100 kPa H,, 60 °C
* for 30 min, 3 °C/min until 175 °C). tg 41.1 min (S); tg 42.0 min (R).

'H NMR (CDCls), &: 0.83 (s, 9H), 1.14 (d, 3H, J= 6.8 Hz), 2.44 (q,
1H, J= 6.8 Hz), 7.27 (d, 2H, J= 7.2 Hz), 7.53 (d, 2H, J= 7.2 Hz).

3

1-(3,3-Dimethylbutan-2-yl)-3-methylbenzene. Enantiomeric excess determined by GC
using Chiradex B-DM column (100 kPa H;, 60 °C for 30 min, 3 °C/min
* until 175 °C). tg 41.7 min (S); tg 42.5 min (R). '"H NMR (CDCls), &:
0.79 (s, 9H), 1.18 (d, 3H, J= 6.8 Hz), 2.26 (s, 3H), 2.44 (q, 1H, J= 6.8

Hz), 6.92 (m, 3H), 7.06 (m, 1H).

%

2-(3,3-Dimethylbutan-2-yl)naphthalene. Enantiomeric excess determined by GC using
Chiradex B-DM column (100 kPa H,, 60 °C for 30 min, 3 °C/min
O * until 175 °C). tg 63.5 min (S); tz 63.7 min (R). '"H NMR (CDCl), &:
0.93 (s, 9H), 1.36 (d, 3H, J= 6.8 Hz), 2.41 (q, 1H, J= 6.8 Hz), 6.8-7.0
(m, 2H), 7.2-7.8 (m, SH).

1-(3,3-Dimethylbutan-2-yl)-2-methylbenzene. Enantiomeric excess determined by GC
using Chiradex B-DM column (100 kPa H,, 60 °C for 30 min, 3 °C/min
* until 175 °C). tg 39.8 min (S); tg 40.5 min (R). "H NMR (CDCl;), &: 0.83
(s, 9H), 1.23 (d, 3H, J= 6.8 Hz), 2.37 (s, 3H), 2.93 (q, 1H, J= 6.8 Hz),

6.9-7.2 (m, 5H).

%

1-(3,3-Dimethylbutan-2-yl)naphthalene. Enantiomeric excess determined by GC using
Chiradex B-DM column (100 kPa H,, 60 °C for 30 min, 3 °C/min until
O p 175 °C). tg 60.7 min (S); tg 61.0 min (R). '"H NMR (CDCls), 8: 0.91 (s,

9H), 1.25 (d, 3H, J= 6.8 Hz), 2.81 (q, 1H, J= 6.8 Hz), 6.8-7.0 (m, 2H),
7.3-8.2 (m, SH).
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1-Phenylethyl diphenylphosphinate.'® Enantiomeric excess determined by HPLC using
Chiralcel AD (hexane/2-propanol=90/10, 0.5 mL/min, 220 nm). tg =
O/gowowhz 28.9 min (R); tg 41.7 min (S). '"H NMR (CDCls), &: 1.81 (dd, 3H, J =
7.2 Hz, J = 2.4 Hz). 5.60 (m, 1H), 7.18 (m, 3H), 7.31 (m, 2H), 7.42
(m, 4H), 7.52 (m, 2H), 7.82 (m, 4H).

3-Methylbutan-2-yl diphenylphosphinate.!’ Enantiomeric excess determined by HPLC
using Chiralcel S,S Whelk-01 (hexane/2-propanol=98/2, 0.5 mL/min,
WX*OP‘O)P*‘Z 220 nm). tg = 93.7 min (R); tx 102.0 min (S). 'H NMR (CDCl;), &:
0.92 (dd, 3H, J= 0.8 Hz, J= 6.8 Hz), 0.94 (dd, 3H, J= 0.8 Hz, J= 6.8 Hz), 1.22 (dd, 3H,

J=0.8 Hz, J= 6.4 Hz), 1.90 (m, 1H), 4.40 (m, 1H), 7.4 - 7.8 (m, 10H).

Y P. Cheruku, S. Gohil, P. G. Andersson, Org. Lett. 2007, 9, 1659.
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SI.4. ¥P{*H}, 'H and *C{*H} NMR spectra of new ligands 5, 8 and 9

Ligand 5
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ACCEPTED MANUSCRIPT

Ligand 8
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ACCEPTED MANUSCRIPT

Ligand 9
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SI.5. *P{*H}, 'H and *C{H} NMR spectra of Ir-catalyst precursors
[Ir(cod)(1-12)]BAre

[Ir(cod)(1)]BAre
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ACCEPTED MANUSCRIPT

[Ir(cod)(2)]BArE
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ACCEPTED MANUSCRIPT

[Ir(cod)(3)]BArE
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ACCEPTED MANUSCRIPT

[Ir(cod)(4)]BAre
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[Ir(cod)(5)]BAre
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[Ir(cod)(6)]BArE
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ACCEPTED MANUSCRIPT

[Ir(cod)(7)]BArE
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ACCEPTED MANUSCRIPT

[Ir(cod)(8)]BArE
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ACCEPTED MANUSCRIPT

[Ir(cod)(8)]BArE (at 228 K)
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[Ir(cod)(9)]BArE
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ACCEPTED MANUSCRIPT

[Ir(cod)(10)]BArE
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ACCEPTED MANUSCRIPT

[Ir(cod)(11)]BArE
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[Ir(cod)(12)]BArE
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SI.6. Structures of the calculated isomers of [Ir(cod)(12)]BArg

Major isomer [Ir(cod)(12)]BArg

T T OoOFx T xx @ o@D T T T T a0

—
=

QO 00 0 a0 a0 o a ¢

0.64601400
1.67003700
0.25027900
1.02320900
-2.35653900
-3.17000500
-1.91127100
-2.43517400
-2.15724200
-3.02838100
-2.13934400
-0.88186200
-0.54498700
-1.11877800
0.04055600
0.82796500
-0.30790800
-1.10047100
-1.76454800
-0.67834700
-0.50662200
1.35660300
1.55184400
3.01112500
1.24566700
2.79123300
0.48471300
3.72355100
3.55335900

-1.91094100
-1.55608000
-2.86332800
-3.18939200
-1.78569600
-1.58704600
-0.69665600
0.24688000
-3.24984600
-3.81618000
-3.35344300
-3.85989900
-4.72516100
-4.24744600
-1.79633600
-1.49985200
-2.77788600
-0.76180300
-0.96875200
0.23405500
-0.91984200
-0.57798900
1.15175300
-1.04986700
-1.51100400
1.85280200
2.03028300
-2.14410900
-0.33610100

-2.39577700
-2.32558100
-1.41957100
-0.72303600
-1.82081300
-1.12796200
-2.57907000
-2.43327100
-2.19081100
-1.84588000
-3.27987900
-1.56786400
-2.15852800
-0.57011400
-3.79308300
-4.49387200
-4.12882500
-3.85426100
-4.70699400
-4.03004700
-0.82857300
0.60443900
1.13489500
-0.06271200
2.19208700
1.33565500
1.56747700
0.45221500
-1.14641900
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0.43060500
1.99197300
1.56895300
2.50395600
3.77146500
1.09201200
-0.98724900
4.95529500
3.32951400
4.78678100
3.01348700
0.36509500
-0.15818400
1.92136500
2.62593000
3.22923700
0.55284100
-1.68609800
-1.50259100
-1.31135500
5.49100200
5.49469500
5.19473400
1.10879600
-0.26969700
2.50017000
0.29219300
-3.45054000
-0.93224900
-2.39114600
-0.83844700
6.44985200
1.05476200

-2.64931500
-1.11065900
2.94781000
3.12621700
1.47681300
3.23787900
1.76066400
-2.50830800
-2.71230500
-0.69736400
0.50730700
-3.37749800
-2.95942900
-1.83788300
-0.23080900
3.89563800
4.09938300
0.93611100
2.72611500
1.04369000
-1.78603800
-3.35656200
-0.13092700
-2.97244900
-4.25695700
-1.51733600
3.55334300
0.73026700
1.65512000
0.93572500
0.06148100
-2.06908200
-3.53630300

2.28368500
3.31367700
0.04567600
1.89865600
1.07888500
2.04101100
1.73506900
-0.09916900
1.28749600
-1.68822900
-1.56089200
3.47421900
1.42664500
4.50195500
3.26260400
2.12777700
2.41372100
0.19630700
1.72918700
3.04918800
-1.16575100
0.31220000
-2.52054400
4.58409500
3.53301400
5.36336800
-1.48868000
0.56618000
3.87598700
3.17958200
3.10739100
-1.59027900
5.51092700
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0.95577700
1.28756900
-0.77409200
-4.28995100
-3.97548400
2.36145700
0.47998100
2.56762700
1.09781400
-5.66347200
-5.36185200
3.13698600
3.52853100
-6.19835700
-6.31718800
-5.78107000
-7.26767500
-3.77496800
-3.03417900
-3.29941900
-4.60061900
-3.14968200
-2.74270100
-3.77248300
-2.30368500

4.68374900
2.67154600
3.37868500
1.78942800
-0.41224200
4.49964600
5.51513700
3.25727800
1.71478300
1.68832500
-0.46175300
5.16502500
2.82824800
0.57377400
2.49440500
-1.33309600
0.51041900
3.01744000
3.56689000
2.76030400
3.70187900
-1.57625100
-1.38053000
-2.47290800
-1.79638400

-0.92377000
-2.00731700
-1.49399700
0.13666400
1.21717700
-1.09178500
-0.42032700
-1.76347900
-2.47610500
0.38637200
1.43013300
-0.73566000
-2.01431000
1.02755000
0.06601400
1.92561800
1.20779500
-0.58239500
0.00934300
-1.53550700
-0.79531100
1.71311000
2.71131800
1.78570600
1.05673000
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Minor isomer [Ir(cod)(12)]BAre

T O m O 0 a0 a Q

i
a

O oo @D D @D O v oD o @D @D OO @D O0@-D a0

1.80449300
2.91265300
3.00906200
1.98436500
1.24640200
3.55688600
3.76336200
1.83367500
3.24219800
3.46256700
4.31162600
3.83066100
2.66274600
5.20855300
4.25993200
4.90953600
3.35797500
5.95210100
5.39833600
0.10376500
0.24860500
-1.43511100
-0.13372300
0.77463600
-0.95190600
-0.36998800
-2.85563200
-3.03835700
-3.79157700
-4.18516400
-4.92226300

-0.45455700
-0.37346500
-1.60295500
-2.46909800
-1.78713000

0.48400000
-1.85424300
-3.49277900
-1.93425800
-3.29455800
-3.65246000
-1.98845200
-3.89802200
-2.56639500
-4.56923100
-1.53625300
-1.42627600
-2.51508400
-0.57371800
-2.35607700
-2.16412800
-1.35729300
-3.84470600
-4.39570400
-4.22304800
-4.04956100
-2.32302800
-2.67573200
-2.69180500
-3.40756000
-3.41671700

-0.96242000
-1.87548000
-2.58243000
-2.10820400
-1.08809300
-2.00518400
-3.31616300
-2.42062300
-0.53990700
1.03219700
-0.05900400
1.46839400
1.44025900
-0.29317800
-0.63163400
0.64848900
2.26076600
-1.07772900
0.71325300
-0.29772000
0.76537900
-0.79296700
-0.54105100
-0.27677500
0.07438900
-1.58944600
-0.22118600
1.13630200
-1.21758800
1.47509700

-0.82046500
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-5.11962800
-4.33993700
-5.65123300
-6.00247200
1.04388400
1.36862700
-1.40924000
-3.35093100
-3.60312000
-1.48510300
-2.58936600
-0.43747400
-3.35922400
-3.49197300
-3.96774000
-3.89337600
-2.72671900
-0.57036000
-2.21772200
-3.25876300
-2.90211300
-4.39753300
-4.51805700
-4.65368500
-2.93079800
-2.50149000
1.69664500
1.59502200
2.15426000
1.97593400
1.21898700
2.53260900
2.22343500

-3.77468900
-3.68642700
-3.70568500
-4.33898800
0.95615500
0.93855300
2.91734700
0.85556200
1.17871700
3.05533000
3.12604700
3.11217800
1.81937600
-0.18509900
2.56910900
0.35804700
3.37140100
3.34491300
3.53038900
3.88839700
1.30668900
2.03699400
3.10535800
2.47373400
4.45229900
3.14257000
2.41918000
2.44037700
3.56969100
3.57058700
1.57356700
4.70208800
3.59334700

0.51100400
2.51379900
-1.57217900
0.79729700
-0.07371000
-0.01402400
0.93220500
0.99002300
-0.35028900
-0.47816800
1.87872300
1.38235900
2.15823000
1.26997100
-0.84751500
-1.00228800
-1.28605000
-0.98645900
2.82581000
1.46680200
3.01153600
2.45070400
-0.06789100
-1.69541800
-1.24475200
-2.33410400
-0.99113400
-2.39505400
-0.33026800
-3.11687100
-2.92980100
-1.05820100
0.75155100
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2.45007700
1.89943000
2.89218800
2.74668100
1.78911000
3.14424400
0.99592300
3.68660400
3.77786500
1.54557700
-0.05337800
2.88914800
4.73234300
0.92086500
3.31511500
-3.62032700
-3.57451200
-2.69736900
-4.46027900
-2.05793800
-1.25335300
-1.59200200
-2.56142700

4.70467900
3.56509800
5.58020200
5.58445600
1.04732300
1.37066000
0.75502000
1.41307100
1.59483900
0.78357500
0.51004300
1.11743500
1.67447900
0.55327500
1.14929600
-2.34764500
-1.26610000
-2.77256400
-2.74090500
-2.32752800
-3.07095400
-1.34977500
-2.31397700

-2.45035800
-4.20031900
-0.52969200
-3.01394200
1.60703600
1.79471600
2.72645400
3.07891200
0.94264900
4.01120200
2.58815500
4.18936300
3.21245400
4.86939300
5.18801000
-2.68169600
-2.85244000
-3.09144200
-3.26062300
2.23215900
2.29912100
2.07429200
3.20300600
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SI.7. Crystal data and structure refinement for [Ir(cod)(4)]BAre.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =23.390°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Flack parameter

Largest diff. peak and hole

[Ir(cod)(4)|BATF

C67 H53.50 BF24 FeIr P S

1636.48

1002) K

0.71073 A

Monoclinic

P2(1)

a= 18.0636(18)A o= 90°.
b= 13.3388(13)A B =93.962(4)°.
c= 26.661(3)A y= 90°.
6408.5(11) A?
4

1.696 Mg/m3

2.470 mm’!

3242

0.08 x 0.02 x 0.005 mm3

0.766 to 23.390°.
-20<=h<=20,-14<=k<=14,-29<=1<=29
100649

18392[R(int) = 0.1312]

99.2%

Empirical

0.988 and 0.854

Full-matrix least-squares on F2

18392/ 1215/ 1781

1.027

R1=0.0598, wR2 =0.1255
R1=0.1133, wR2 =0.1485

x =0.003(4)

2.518 and -2.127 e.A3
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Table 2. Bond lengths [A] and angles [°] for mo R_FeStBu_Om.

Bond lengths----

Ir1A-C2A 2.13(2)
Ir1A-C1A 2.19(2)
Ir1A-CSA 2.24(2)
Ir1A-C6A 2.25(2)
Ir1A-P1A 2.297(5)
Ir1A-S1A 2.383(6)
P1A-CI5A 1.776(19)
P1A-C21A 1.787(19)
P1A-C9A 1.85(2)
S1A-C26A 1.81(2)
S1A-C32A 1.87(2)
FelA-C28A 2.01(3)
FelA-C21A 2.007(18)
FelA-C30A 2.01(3)
FelA-C27A 2.01(2)
FelA-C25A 2.03(2)
FelA-C31A 2.04(2)
FelA-C29A 2.05(3)
FelA-C22A 2.06(2)
FelA-C23A 2.06(3)
FelA-C24A 2.08(2)
ClA-C2A 1.41(3)
Cl1A-C8A 1.48(3)
C2A-C3A 1.53(3)
C3A-C4A 1.50(3)
C4A-CS5A 1.51(3)
C5A-C6A 1.40(3)
C6A-C7A 1.50(3)
C7A-C8A 1.56(3)
CI9A-C10A 1.35(3)
CI9A-Cl4A 1.37(3)
C10A-C11A 1.38(3)
Cl11A-CI12A 1.42(4)
C12A-CI13A 1.33(3)
C13A-Cl4A 1.43(3)
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CI5A-CI6A
CI5A-C20A
CI6A-C17A
CI17A-CI8A
CI8A-CI9A
CI9A-C20A
C21A-C25A
C21A-C22A
C22A-C23A
C23A-C24A
C24A-C25A
C25A-C26A
C27A-C31A
C27A-C28A
C28A-C29A
C29A-C30A
C30A-C31A
C32A-C35A
C32A-C33A
C32A-C34A
Ir1B-C6B
Ir1B-C5B
Ir1B-C1B
Ir1B-C2B
Ir1B-P1B
Ir1B-S1B
P1B-C21B
P1B-C9B
P1B-C15B
S1B-C26B
S1B-C32B
FelB-C29"
FelB-C30"
FelB-C28B
FelB-C25B
FelB-C31B
FelB-C21B
FelB-C24B

1.38(3)
1.41(3)
1.39(3)
1.39(3)
1.36(3)
1.33(3)
1.41(3)
1.45(3)
1.42(3)
1.44(3)
1.46(3)
1.50(3)
1.43(3)
1.46(3)
1.38(3)
1.43(3)
1.40(3)
1.50(3)
1.54(3)
1.57(3)
2.12(2)
2.17(3)
2.20(2)
2.21(3)

2.292(5)

2.380(5)
1.80(2)
1.83(2)
1.86(2)
1.81(2)
1.87(2)
1.94(7)
1.97(8)
1.98(5)
2.00(2)
2.00(6)
2.02(3)
2.04(3)
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FelB-C27B
FelB-C22B
FelB-C30B
FelB-C28"
FelB-C29B
CIB-C2B
CI1B-C8B
C2B-C3B
C3B-C4B
C4B-C5B
C5B-C6B
C6B-C7B
C7B-C8B
C9B-C10B
C9B-C14B
C10B-C11B
C11B-C12B
C12B-C13B
CI13B-C14B
CI15B-C16B
CI15B-C20B
C16B-C17B
C17B-C18B
C18B-C19B
C19B-C20B
C21B-C25B
C21B-C22B
C22B-C23B
C23B-C24B
C24B-C25B
C25B-C26B
C27B-C31B
C27B-C28B
C28B-C29B
C29B-C30B
C30B-C31B
c27"-C31"
C27"-C28"

2.04(5)
2.05(2)
2.08(6)
2.08(7)
2.09(5)
1.42(4)
1.51(4)
1.57(3)
1.53(3)
1.49(4)
1.37(4)
1.54(3)
1.61(4)
1.35(3)
1.36(3)
1.37(3)
1.35(3)
1.31(4)
1.47(3)
1.37(3)
1.38(3)
1.35(3)
1.34(3)
1.40(4)
1.37(3)
1.38(3)
1.42(3)
1.39(4)
1.45(4)
1.48(3)
1.49(3)
1.43(3)
1.46(3)
1.38(3)
1.43(3)
1.41(3)
1.43(3)
1.46(3)
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C28"-C29"
C29"-C30"
C30"-C31"
C32B-C34B
C32B-C35B
C32B-C33B
B1C-C17C
B1C-C25C
B1C-C1C
B1C-C9C
CIC-C6C
cic-cz2C
C2C-C3C
C3C-C4C
C3C-C7C
C4C-C5C
C5C-C6C
C5C-C8C
C7C-F6C
C7C-F5C
C7C-F4C
C8C-F2C
C8C-FIC
C8C-F3C
CoC-C14C
coc-c1oC
Cloc-Cl11cC
Cl1c-Cl12c
Cl1C-C15C
Cl12C-C13C
Cl13C-C14C
Cl13C-Cl6C
CI5C-FiIC
CI5C-FoC
CI5C-F8C
Cl16C-F12C
Cl16C-F10C
Cl6C-F11C

1.38(3)
1.43(3)
1.40(3)
1.50(3)
1.56(3)
1.56(3)
1.63(3)
1.63(3)
1.64(3)
1.64(3)
1.39(2)
1.40(2)
1.40(2)
1.36(3)
1.48(3)
1.39(3)
1.41(3)
1.46(3)
1.33(2)
1.34(3)
1.36(3)
1.29(3)
1.34(3)
1.35(3)
1.38(2)
1.42(3)
1.41(3)
1.38(3)
1.49(3)
1.37(3)
1.45(3)
1.46(3)
1.30(2)
1.33(3)
1.35(3)
1.30(2)
1.32(2)
1.39(3)
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C17C-C18C
Cl7C-C22C
C18C-C19C
C19C-C23C
C19C-C20C
Cc20C-C21C
C21C-C22C
C21C-C24C
C23C-F13C
C23C-F14C
C23C-F15C
C24C-F16C
C24C-F17C
C24C-F18C
C25C-C30C
C25C-C26C
C26C-C27C
C27C-C28C
C27C-C31C
C28C-C29C
C29C-C30C
C29C-C32C
C31C-F21C
C31C-F19C
C31C-F20C
C32C-F22C
C32C-F24C
C32C-F23C
B1D-C9D
B1D-C25D
B1D-C17D
B1D-CID
C1D-Cé6D
C1D-C2D
C2D-C3D
C3D-C4D
C3D-C7D
C4D-CsD

1.39(3)
1.45(3)
1.39(3)
1.46(3)
1.46(3)
1.33(3)
1.39(3)
1.56(3)
1.30(3)
1.33(3)
1.36(3)
1.30(3)
1.33(3)
1.33(3)
1.39(3)
1.41(3)
1.38(3)
1.42(3)
1.50(3)
1.38(3)
1.43(3)
1.49(3)
1.29(3)
1.32(3)
1.33(3)
1.31(2)
1.31(2)
1.34(2)
1.63(3)
1.64(4)
1.64(3)
1.66(3)
1.47(3)
1.47(3)
1.46(4)
1.41(4)
1.50(4)
1.42(4)
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C5D-C8D
C5D-Cé6D
C7D-F2D
C7D-F1D
C7D-F3D
C8D-F6D
C8D-F4D
C8D-F5D
C9D-C10D
C9D-C14D
CI10D-C11D
CI11D-CI12D
CI11D-CI5D
C12D-CI13D
CI13D-C14D
CI13D-C16D
CI5D-F7D
CI15D-F8D
CI15D-F9D
C16D-F12D
C16D-F10D
CI16D-F11D
C17D-CI18D
C17D-C22D
CI18D-CI19D
C19D-C20D
C19D-C23D
C20D-C21D
C21D-C22D
C21D-C24D
C23D-F15D
C23D-F13D
C23D-F14D
C24D-F17D
C24D-F18D
C24D-F16D
C25D-C30D
C25D-C26D

1.46(4)
1.48(4)
1.26(4)
1.33(3)
1.38(3)
1.25(3)
1.35(3)
1.37(4)
1.42(3)
1.45(3)
1.42(3)
1.38(3)
1.47(4)
1.39(4)
1.40(3)
1.41(4)
1.29(3)
1.35(3)
1.40(3)
1.25(4)
1.32(4)
1.41(3)
1.39(3)
1.39(3)
1.39(3)
1.40(3)
1.51(3)
1.41(3)
1.39(3)
1.49(3)
1.31(2)
1.32(2)
1.35(2)
1.33(2)
1.34(2)
1.36(2)
1.38(3)
1.45(3)
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C26D-C27D
C27D-C28D
C27D-C31D
C28D-C29D
C29D-C32D
C29D-C30D
C31D-F20D
C31D-F21D
C31D-F19D
C32D-F22D
C32D-F24D
C32D-F23D

C2A-Ir1A-C1A
C2A-Ir1A-C5A
CIA-Ir1A-C5A
C2A-Ir1A-C6A
CIA-Ir1A-C6A
C5A-Ir1A-C6A
C2A-Ir1A-P1A
CIA-Ir1A-P1A
C5A-Ir1A-P1A
C6A-Ir1A-P1A
C2A-Ir1A-S1A
CIA-Ir1A-S1A
C5A-Ir1A-S1A
C6A-Ir1A-S1A
P1A-Ir1A-S1A

CISA-P1A-C21A

CI5A-P1A-C9A
C21A-P1A-C9A
CI5A-P1A-Ir1A
C21A-P1A-Ir1A
C9A-P1A-Ir1A

C26A-S1A-C32A

C26A-S1A-Ir1A
C32A-S1A-Ir1A

1.40(3)
1.44(3)
1.47(4)
1.39(4)
1.39(4)
1.42(3)
1.24(3)
1.30(3)
1.35(4)
1.26(3)
1.33(3)
1.45(4)

38.1(9)
79.6(8)
95.5(9)
86.2(8)
79.0(8)
36.4(9)
93.7(6)
87.7(6)

164.1(7)

158.4(6)

152.8(7)

169.0(6)
88.1(7)
98.2(6)
91.7(2)

103.9(9)

105.5(10)

104.6(9)

119.0(7)

112.0(7)

110.6(7)

100.2(10)

114.2(8)

114.6(7)
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C28A-FelA-C21A
C28A-FelA-C30A
C21A-FelA-C30A
C28A-FelA-C27A
C21A-FelA-C27A
C30A-FelA-C27A
C28A-Fel A-C25A
C21A-FelA-C25A
C30A-FelA-C25A
C27A-FelA-C25A
C28A-FelA-C31A
C21A-FelA-C31A
C30A-FelA-C31A
C27A-FelA-C31A
C25A-FelA-C31A
C28A-FelA-C29A
C21A-FelA-C29A
C30A-FelA-C29A
C27A-FelA-C29A
C25A-Fel A-C29A
C31A-FelA-C29A
C28A-FelA-C22A
C21A-FelA-C22A
C30A-FelA-C22A
C27A-FelA-C22A
C25A-FelA-C22A
C31A-FelA-C22A
C29A-Fel A-C22A
C28A-FelA-C23A
C21A-FelA-C23A
C30A-FelA-C23A
C27A-FelA-C23A
C25A-FelA-C23A
C31A-FelA-C23A
C29A-FelA-C23A
C22A-FelA-C23A
C28A-Fel A-C24A
C21A-FelA-C24A

123.6(8)
68.8(9)
161.0(8)
42.7(9)
109.1(9)
69.1(9)
161.9(9)
40.8(8)
123.6(9)
125.3(9)
70.2(10)
125.6(9)
40.6(8)
41.4(8)
109.8(9)
39.6(8)
157.3(8)
41.2(8)
69.0(9)
158.3(9)
69.0(10)
105.9(9)
41.9(8)
154.9(9)
124.6(9)
68.5(9)
162.9(9)
119.3(9)
119.0(10)
69.8(9)
119.1(10)
158.6(11)
68.7(10)
156.3(10)
103.4(11)
40.4(9)
154.1(9)
70.3(9)
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C30A-FelA-C24A
C27A-Fel A-C24A
C25A-FelA-C24A
C31A-FelA-C24A
C29A-Fel A-C24A
C22A-FelA-C24A
C23A-FelA-C24A
C2A-C1A-C8A
C2A-Cl1A-Ir1A
C8A-Cl1A-Ir1A
CIA-C2A-C3A
CIA-C2A-Ir1A
C3A-C2A-Ir1A
C4A-C3A-C2A
C3A-C4A-C5A
C6A-C5A-C4A
C6A-C5A-Ir1A
C4A-C5A-Ir1A
C5A-C6A-C7TA
C5A-CoA-Ir1A
C7A-CoA-Ir1A
C6A-C7A-C8A
CIA-C8A-CT7TA
CI0A-C9A-C14A
CI0A-C9A-P1A
CI4A-C9A-P1A
C9A-C10A-C11A
CI0A-CI1A-CI2A
CI3A-CI2A-C11A
CI2A-CI3A-Cl4A
C9A-C14A-C13A
CI6A-CI5A-C20A
CI6A-CI5SA-P1A
C20A-CI5A-P1A
CI5A-CI6A-C17A
CI6A-C17A-CI8A
CI9A-CI8A-CI7A
C20A-CI9A-CI8A

104.7(10)
160.4(9)
41.7(8)
122.1(10)
119.3(10)
68.8(9)
40.7(9)
126(2)
68.8(13)
110.0(16)
123(2)
73.1(13)
115.3(14)
111.3(17)
114(2)
125(2)
72.2(14)
107.1(15)
124(2)
71.4(13)
113.1(15)
111(2)
114(2)
122(2)
120.5(17)
117.5(16)
120(2)
120(2)
120(2)
120(2)
119(2)
114.8(18)
121.9(16)
122.5(15)
123(2)
118(2)
120(2)
120(3)
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CI9A-C20A-CI5A
C25A-C21A-C22A
C25A-C21A-P1A

C22A-C21A-P1A

C25A-C21A-FelA
C22A-C21A-FelA
PIA-C21A-FelA

C23A-C22A-C21A
C23A-C22A-FelA
C21A-C22A-FelA
C22A-C23A-C24A
C22A-C23A-FelA
C24A-C23A-FelA
C23A-C24A-C25A
C23A-C24A-FelA
C25A-C24A-FelA
C21A-C25A-C24A
C21A-C25A-C26A
C24A-C25A-C26A
C21A-C25A-FelA
C24A-C25A-FelA
C26A-C25A-FelA
C25A-C26A-S1A

C31A-C27A-C28A
C31A-C27A-FelA
C28A-C27A-FelA
C29A-C28A-C27A
C29A-C28A-FelA
C27A-C28A-FelA
C28A-C29A-C30A
C28A-C29A-FelA
C30A-C29A-FelA
C31A-C30A-C29A
C31A-C30A-FelA
C29A-C30A-FelA
C30A-C31A-C27A
C30A-C31A-FelA
C27A-C31A-FelA

124(2)
106.9(16)
122.8(14)
129.6(14)
70.3(11)
70.9(11)
130.5(11)
108.2(19)
70.1(14)
67.2(11)
109(2)
69.6(13)
70.3(14)
105(2)
69.0(14)
67.0(12)
110.3(17)
125.3(19)
124(2)
68.9(11)
71.2(12)
134.5(16)
113.7(17)
106.9(19)
70.2(14)
68.4(14)
108(2)
72.1(15)
68.9(14)
107.9(19)
68.3(15)
67.7(14)
109.6(19)
70.8(14)
71.1(15)
107(2)
68.6(15)
68.4(13)
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C35A-C32A-C33A
C35A-C32A-C34A
C33A-C32A-C34A
C35A-C32A-S1A
C33A-C32A-S1A
C34A-C32A-S1A
C6B-Ir1B-C5B
C6B-Ir1B-C1B
C5B-Ir1B-C1B
C6B-Ir1B-C2B
C5B-Ir1B-C2B
CIB-Ir1B-C2B
C6B-Ir1B-P1B
C5B-Ir1B-P1B
CIB-Ir1B-PIB
C2B-Ir1B-PIB
C6B-Ir1B-S1B
C5B-Ir1B-S1B
CIB-Ir1B-S1B
C2B-Ir1B-S1B
P1B-Ir1B-S1B
C21B-P1B-C9B
C21B-P1B-C15B
C9B-P1B-C15B
C21B-P1B-Ir1B
C9B-P1B-Ir1B
CI15B-P1B-Ir1B
C26B-S1B-C32B
C26B-S1B-Ir1B
C32B-S1B-Ir1B
C29"-FelB-C30"
C29"-FelB-C25B
C30"-FelB-C25B
C28B-FelB-C25B
C28B-FelB-C31B
C25B-FelB-C31B
C29"-FelB-C21B
C30"-FelB-C21B

111.1(18)
112.6(19)
107.1(18)
110.8(14)
109.4(15)
105.6(13)
37.2(10)
81.4(10)
94.4(11)
89.8(10)
79.3(9)
37.6(10)
93.9(7)
89.3(7)
166.5(10)
155.7(8)
152.7(9)
169.8(9)
87.4(8)
96.4(6)
91.26(19)
103.1(10)
105.8(10)
103.9(9)
112.7(8)
109.5(7)
120.2(7)
99.7(10)
114.1(7)
114.6(7)
43.0(15)
128.8(19)
110(2)
147.6(19)
71.2(15)
129.6(15)
168(2)
129(2)
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C28B-FelB-C21B
C25B-FelB-C21B
C31B-FelB-C21B
C29"-FelB-C24B
C30"-FelB-C24B
C28B-FelB-C24B
C25B-FelB-C24B
C31B-FelB-C24B
C21B-FelB-C24B
C28B-FelB-C27B
C25B-FelB-C27B
C31B-FelB-C27B
C21B-FelB-C27B
C24B-FelB-C27B
C29"-FelB-C22B
C30"-FelB-C22B
C28B-FelB-C22B
C25B-FelB-C22B
C31B-FelB-C22B
C21B-FelB-C22B
C24B-FelB-C22B
C27B-FelB-C22B
C28B-FelB-C30B
C25B-FelB-C30B
C31B-FelB-C30B
C21B-FelB-C30B
C24B-FelB-C30B
C27B-FelB-C30B
C22B-FelB-C30B
C29"-FelB-C28"
C30"-FelB-C28"
C25B-FelB-C28"
C21B-FelB-C28"
C24B-FelB-C28"
C22B-FelB-C28"
C28B-FelB-C29B
C25B-FelB-C29B
C31B-FelB-C29B

167.2(16)
40.0(8)
111.6(14)
105.6(18)
121.2(19)
111.0(17)
42.9(8)
167.5(16)
69.1(10)
42.6(11)
169.0(17)
41.5(12)
131.4(16)
147.3(17)
149(2)
166(2)
126.5(15)
68.8(9)
120.7(15)
40.9(8)
68.6(11)
108.8(14)
67.8(16)
110.3(16)
40.2(11)
122.9(15)
128.2(16)
67.1(16)
155.9(16)
39.9(13)

68(2)
165.3(19)
152(2)
124.4(18)
116.6(19)
39.4(11)
117.7(15)
69.0(15)
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C21B-FelB-C29B
C24B-FelB-C29B
C27B-FelB-C29B
C22B-FelB-C29B
C30B-FelB-C29B
C2B-C1B-C8B
C2B-C1B-Ir1B
C8B-C1B-Ir1B
CI1B-C2B-C3B
CIB-C2B-Ir1B
C3B-C2B-Ir1B
C4B-C3B-C2B
C5B-C4B-C3B
C6B-C5B-C4B
C6B-C5B-Ir1B
C4B-C5B-Ir1B
C5B-C6B-C7B
C5B-C6B-Ir1B
C7B-C6B-Ir1B
C6B-C7B-C8B
CI1B-C8B-C7B
C10B-C9B-C14B
C10B-C9B-P1B
C14B-C9B-P1B
C9B-C10B-C11B
C12B-C11B-C10B
CI13B-C12B-C11B
C12B-C13B-C14B
C9B-C14B-C13B
C16B-C15B-C20B
C16B-C15B-P1B
C20B-C15B-P1B
C17B-C16B-C15B
CI18B-C17B-C16B
C17B-C18B-C19B
C20B-C19B-C18B
C19B-C20B-C15B
C25B-C21B-C22B

153.3(16)
104.4(15)
67.9(14)
162.6(16)
40.2(12)
130(3)
71.7(15)
109.4(17)
118(3)
70.7(15)
114.1(16)
109(2)
115Q2)
127(3)
69.5(15)
112.2(18)
120(3)
73.3(16)
114.2(17)
1112)
1102)
120(2)
121.5(17)
118.3(19)
1212)
1212)
119(3)
122(2)
116(3)
1212)
120.9(16)
117.8(17)
117Q2)
124(3)
1192)
118(3)
120(3)
1102)
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C25B-C21B-P1B

C22B-C21B-P1B

C25B-C21B-FelB
C22B-C21B-FelB
P1B-C21B-FelB

C23B-C22B-C21B
C23B-C22B-FelB
C21B-C22B-FelB
C22B-C23B-C24B
C22B-C23B-FelB
C24B-C23B-FelB
C23B-C24B-C25B
C23B-C24B-FelB
C25B-C24B-FelB
C21B-C25B-C24B
C21B-C25B-C26B
C24B-C25B-C26B
C21B-C25B-FelB
C24B-C25B-FelB
C26B-C25B-FelB
C25B-C26B-S1B

C31B-C27B-C28B
C31B-C27B-FelB
C28B-C27B-FelB
C29B-C28B-C27B
C29B-C28B-FelB
C27B-C28B-FelB
C28B-C29B-C30B
C28B-C29B-FelB
C30B-C29B-FelB
C31B-C30B-C29B
C31B-C30B-FelB
C29B-C30B-FelB
C30B-C31B-C27B
C30B-C31B-FelB
C27B-C31B-FelB
C31"-C27"-C28"

C31"-C27"-FelB

120.9(15)
129.2(19)
69.2(15)
70.7(13)
129.5(12)
108(2)
72.6(15)
68.4(14)
109(2)
68.4(15)
67.0(15)
105(2)
72.0(16)
67.3(13)
108(2)
127.4(18)
123.5(19)
70.8(14)
69.8(14)
135.7(16)
113.1(15)
107(2)

68(3)

67(2)
108(2)
74(3)
71(2)
108(2)
66(2)
70(3)
110(2)
67(3)
70(3)
107(2)
73(3)
71(3)
107(2)
68(3)
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C28"-C27"-FelB
C29"-C28"-C27"
C29"-C28"-FelB
C27"-C28"-FelB
C28"-C29"-C30"
C28"-C29"-FelB
C30"-C29"-FelB
C31"-C30"-C29"
C31"-C30"-FelB
C29"-C30"-FelB
c30"-C31"-C27"
C30"-C31"-FelB
C27"-C31"-FelB
C34B-C32B-C35B
C34B-C32B-C33B
C35B-C32B-C33B
C34B-C32B-S1B
C35B-C32B-S1B
C33B-C32B-S1B
C17C-B1C-C25C
Cl17C-B1C-C1C
C25C-B1C-C1C
C17C-B1C-C9C
C25C-B1C-C9C
CIC-B1C-C9C
C6C-C1C-C2C
C6C-C1C-B1C
C2C-CI1C-B1C
C3C-C2C-C1C
C4C-C3C-C2C
C4C-C3C-C7C
C2C-C3C-C7C
C3C-C4C-C5C
C4C-C5C-C6C
C4C-C5C-C8C
C6C-C5C-C8C
CIC-C6C-C5C
F6C-C7C-F5C

65(3)
109(2)
64(4)
76(3)
108(2)
76(4)
70(4)
110(2)
77(4)
67(4)
107(2)
63(4)
74(3)
112(2)
111(2)
106.7(17)
111.2(15)
106.8(15)
108.6(16)
111.0(16)
103.9(15)
115.1(16)
110.1(16)
104.8(14)
112.1(15)
116.3(16)
124.4(15)
119.2(15)
121.8(16)
121.2(17)
120.4(17)
118.4(17)
118.6(18)
120.4(18)
118.8(19)
120.8(19)
121.6(17)
107(2)
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F6C-C7C-F4C
F5C-C7C-F4C
F6C-C7C-C3C
F5C-C7C-C3C
F4C-C7C-C3C
F2C-C8C-F1C
F2C-C8C-F3C
F1C-C8C-F3C
F2C-C8C-C5C
F1C-C8C-C5C
F3C-C8C-C5C
C14C-CoC-C10C
C14C-C9C-B1C
C10C-C9C-B1C
Cl1C-C10C-C9C
Cl2C-Cl1Cc-C10C
CI12C-Cl11C-C15C
Cl10C-C11C-C15C
Cl3C-Cl12¢c-Cl1C
CI12C-C13C-Cl14C
C12C-C13C-C16C
C14C-C13C-C16C
C9C-C14C-C13C
F7C-C15C-F9C
F7C-C15C-F8C
FI9C-C15C-F8C
F7C-C15C-C11C
FIC-C15C-C11C
F8C-C15C-C11C
F12C-C16C-F10C
F12C-C16C-F11C
F10C-C16C-F11C
F12C-C16C-C13C
F10C-C16C-C13C
F11C-C16C-C13C
CI18C-C17C-C22C
CI8C-C17C-BIC
C22C-C17C-BIC

104.2(19)
103.5(17)
114.1(18)
113.8(19)
113.4(19)
106.0(19)
106(2)
101.3(18)
116(2)
112.8(19)
113.0(19)
116.1(17)
121.7(16)
121.5(16)
121.3(18)
121.3(18)
120.2(18)
118.1(18)
118.8(18)
120.2(18)
122.1(19)
117.5(17)
122.0(18)
107.7(18)
106.8(19)
102.4(18)
113.5(18)
114.7(19)
110.9(18)
107.2(18)
105(2)
104.5(18)
116.7(18)
111.6(19)
111.4(18)
115.2(18)
125.2(18)
119.2(18)
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C17C-C18C-C19C
CI18C-C19C-C23C
C18C-C19C-C20C
C23C-C19C-C20C
C21C-C20C-C19C
C20C-C21C-C22C
C20C-C21C-C24C
C22C-C21C-C24C
C21C-C22C-C17C
F13C-C23C-F14C
F13C-C23C-F15C
F14C-C23C-F15C
F13C-C23C-C19C
F14C-C23C-C19C
F15C-C23C-C19C
F16C-C24C-F17C
F16C-C24C-F18C
F17C-C24C-F18C
F16C-C24C-C21C
F17C-C24C-C21C
F18C-C24C-C21C
C30C-C25C-C26C
C30C-C25C-BIC
C26C-C25C-BIC
C27C-C26C-C25C
C26C-C27C-C28C
C26C-C27C-C31C
C28C-C27C-C31C
C29C-C28C-C27C
C28C-C29C-C30C
C28C-C29C-C32C
C30C-C29C-C32C
C25C-C30C-C29C
F21C-C31C-F19C
F21C-C31C-F20C
F19C-C31C-F20C
F21C-C31C-C27C
F19C-C31C-C27C

123(2)
119(2)
122.0(19)
119.3(19)
113.6(19)
126(2)
118.5(19)
115(2)
120(2)
107(2)
107(2)
102.3(18)
113(2)
114(2)
112(2)
107(2)
108(2)
105(2)
113(2)
113(2)
112(2)
114.8(17)
122.4(17)
122.4(17)
123.5(19)
121.0(18)
120.4(19)
118.6(18)
117.0(18)
120.8(18)
120.5(18)
118.8(17)
122.8(18)
110(2)
103(2)
106(2)
113(2)
112(2)
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F20C-C31C-C27C
F22C-C32C-F24C
F22C-C32C-F23C
F24C-C32C-F23C
F22C-C32C-C29C
F24C-C32C-C29C
F23C-C32C-C29C

C9D-B1D-C25D
C9D-B1D-C17D

C25D-BID-C17D

C9D-B1D-C1D
C25D-BID-C1D
C17D-BID-C1D
C6D-C1D-C2D
C6D-C1D-B1D
C2D-C1D-B1D
C3D-C2D-C1D
C4D-C3D-C2D
C4D-C3D-C7D
C2D-C3D-C7D
C3D-C4D-C5D
C4D-C5D-C8D
C4D-C5D-C6D
C8D-C5D-C6D
CI1D-C6D-C5D
F2D-C7D-F1D
F2D-C7D-F3D
F1D-C7D-F3D
F2D-C7D-C3D
F1D-C7D-C3D
F3D-C7D-C3D
F6D-C8D-F4D
F6D-C8D-F5D
F4D-C8D-F5D
F6D-C8D-C5D
F4D-C8D-C5D
F5D-C8D-C5D

C10D-C9D-C14D

1122)
107.3(17)
105.8(18)
106.4(17)
111.9(17)
113.1(18)
111.8(17)
102.8(19)
118.1(19)
114.0(18)
109.6(18)
112.5(19)
100.1(17)
126(2)
115(2)
1192)
112(3)
1293)
120(3)
111(3)
115(3)
120(3)
125(3)
115(3)
114(3)
101(3)
103(3)
107(2)
117Q2)
116(2)
111(3)
1102)
103(3)
99(3)
119(3)
1122)
1132)
1192)
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C10D-C9D-B1D
C14D-C9D-B1D
C9D-C10D-C11D
C12D-C11D-C10D
CI12D-C11D-C15D
C10D-C11D-C15D
CI11D-C12D-C13D
C12D-C13D-C14D
C12D-C13D-C16D
C14D-C13D-C16D
CI13D-C14D-C9D
F7D-C15D-F8D
F7D-C15D-F9D
F8D-C15D-F9D
F7D-C15D-C11D
F8D-C15D-C11D
F9D-C15D-C11D
F12D-C16D-F10D
F12D-C16D-F11D
F10D-C16D-F11D
F12D-C16D-C13D
F10D-C16D-C13D
F11D-C16D-C13D
CI18D-C17D-C22D
CI18D-C17D-B1D
C22D-C17D-B1D
C17D-C18D-C19D
CI18D-C19D-C20D
CI18D-C19D-C23D
C20D-C19D-C23D
C19D-C20D-C21D
C22D-C21D-C20D
C22D-C21D-C24D
C20D-C21D-C24D
C17D-C22D-C21D
F15D-C23D-F13D
F15D-C23D-F14D
F13D-C23D-F14D

121.7(19)
118.1(19)
117Q2)
125(2)
118(2)
118(2)
117Q2)
123(3)
116(2)
122(3)
1192)
104(2)
1032)
100(3)
118(3)
1172)
113(3)
105(3)

99(3)
101(3)
118(3)
117(3)
114(2)

117.8(18)
119.0(18)
122.5(18)
121.2(19)
122.1(18)
119.2(18)
118.6(18)
116.0(19)
122.0(18)
119.3(17)
118.6(19)
120.9(17)
105.5(18)
106.1(16)
106.1(17)
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F15D-C23D-C19D
F13D-C23D-C19D
F14D-C23D-C19D
F17D-C24D-F18D
F17D-C24D-F16D
F18D-C24D-F16D
F17D-C24D-C21D
F18D-C24D-C21D
F16D-C24D-C21D
C30D-C25D-C26D
C30D-C25D-B1D
C26D-C25D-B1D
C27D-C26D-C25D
C26D-C27D-C28D
C26D-C27D-C31D
C28D-C27D-C31D
C29D-C28D-C27D
C28D-C29D-C32D
C28D-C29D-C30D
C32D-C29D-C30D
C25D-C30D-C29D
F20D-C31D-F21D
F20D-C31D-F19D
F21D-C31D-F19D
F20D-C31D-C27D
F21D-C31D-C27D
F19D-C31D-C27D
F22D-C32D-F24D
F22D-C32D-C29D
F24D-C32D-C29D
F22D-C32D-F23D
F24D-C32D-F23D
C29D-C32D-F23D

113.9(18)
112.5(17)
112.1(17)
106.3(18)
105.7(15)
105.0(16)
113.3(17)
113.0(16)
112.7(18)
116(2)
126(2)
116.6(19)
1212)
1212)
1212)
1192)
1192)
118(2)
1192)
123(3)
125(2)
108(3)
105(3)
102(3)
117(3)
114(3)
110(3)
106(3)
1203)
119(3)
105(3)
95(3)
108(3)
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Table 3. Torsion angles [°] for mo_R_FeStBu Om.

C8A-C1A-C2A-C3A
IrTA-C1A-C2A-C3A
C8A-C1A-C2A-Ir1A
CIA-C2A-C3A-C4A
IrTA-C2A-C3A-C4A
C2A-C3A-C4A-C5A
C3A-C4A-C5A-CoA
C3A-C4A-C5A-Ir1A
C4A-C5A-C6A-CTA
IrTA-C5A-C6A-C7A
C4A-C5A-COA-Ir1A
C5A-CoA-CTA-C8A
Ir1A-C6A-C7A-C8A
C2A-C1A-C8A-C7A
IrTA-C1A-C8A-C7A
C6A-C7A-C8A-C1A
CI5A-P1A-C9A-C10A
C21A-P1A-C9A-C10A
IrIA-P1A-C9A-C10A
CI5A-P1A-C9A-C14A
C21A-P1A-C9A-C14A
IrTA-P1A-C9A-C14A
CI4A-C9A-C10A-Cl11A
P1A-C9A-C10A-C11A
C9A-C10A-C11A-CI2A

CI0A-CI11A-CI12A-CI3A
CI11A-CI12A-CI3A-Cl4A

CI10A-C9A-C14A-C13A
P1A-C9A-C14A-C13A
CI12A-CI3A-C14A-C9A
C21A-P1A-C15A-C16A
C9A-P1A-CI15A-C16A
IrIA-P1A-CI15A-C16A
C21A-P1A-C15A-C20A
C9A-P1A-C15A-C20A
IrIA-P1A-C15A-C20A

-10(4)
-1102)
100(2)
99(3)
13(2)
-35(3)
-41(3)
39(2)
7(4)
106(2)
99(2)
97(3)
15(2)
-37(3)
40(2)
37(3)
80(2)
-29(2)
-150.2(18)
-97.1(18)
153.6(16)
32.8(19)
3(4)
-174(2)
-3(5)
1(5)
1(4)
-13)
176.1(16)
-1(3)
132.8(18)
23(2)
-101.8(17)
-58(2)
-167.5(17)
67.7(19)
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C20A-CI5A-C16A-C17A
PIA-C15A-C16A-C17A
CI5A-C16A-C17A-CI18A
CI16A-C17A-CI8A-CI9A
C17A-CI8A-CI19A-C20A
CI8A-CI9A-C20A-CI15A
CI16A-CI5A-C20A-C19A
PI1A-C15A-C20A-C19A
CI5A-P1A-C21A-C25A
C9A-P1A-C21A-C25A
IrIA-P1A-C21A-C25A
CI5A-P1A-C21A-C22A
C9A-P1A-C21A-C22A
IrIA-P1A-C21A-C22A
CI5A-P1A-C21A-FelA
C9A-P1A-C21A-FelA
IrIA-P1A-C21A-FelA
C25A-C21A-C22A-C23A
PIA-C21A-C22A-C23A
FelA-C21A-C22A-C23A
C25A-C21A-C22A-FelA
P1A-C21A-C22A-FelA
C21A-C22A-C23A-C24A
FelA-C22A-C23A-C24A
C21A-C22A-C23A-FelA
C22A-C23A-C24A-C25A
FelA-C23A-C24A-C25A
C22A-C23A-C24A-FelA
C22A-C21A-C25A-C24A
PIA-C21A-C25A-C24A
FelA-C21A-C25A-C24A
C22A-C21A-C25A-C26A
PIA-C21A-C25A-C26A
FelA-C21A-C25A-C26A
C22A-C21A-C25A-FelA
P1A-C21A-C25A-FelA
C23A-C24A-C25A-C21A
FelA-C24A-C25A-C21A

4(3)
174.5(18)
-3(3)
13)
0(3)
2(4)
-4(3)
-173.8(18)
179.2(17)
-70.3(19)
49.5(19)
112)
100(2)
-140.4(17)
87.9(14)
-161.6(12)
-41.8(13)
-3(2)
-174.6(18)
58.2(17)
-61.4(14)
127.3(18)
33)
59.2(19)
-56.4(15)
-1(3)
57.5(15)
-58.7(18)
3(2)
174.6(15)
-59.3(16)
-168(2)
4(3)
130(2)
61.9(13)
-126.1(16)
-1(3)

57.9(15)
SI-59



C23A-C24A-C25A-C26A
FelA-C24A-C25A-C26A
C23A-C24A-C25A-FelA
C21A-C25A-C26A-S1A
C24A-C25A-C26A-S1A
FelA-C25A-C26A-S1A
C32A-S1A-C26A-C25A
IrTA-S1A-C26A-C25A
C31A-C27A-C28A-C29A
FelA-C27A-C28A-C29A
C31A-C27A-C28A-FelA
C27A-C28A-C29A-C30A
FelA-C28A-C29A-C30A
C27A-C28A-C29A-FelA
C28A-C29A-C30A-C31A
FelA-C29A-C30A-C31A
C28A-C29A-C30A-FelA
C29A-C30A-C31A-C27A
FelA-C30A-C31A-C27A
C29A-C30A-C31A-FelA
C28A-C27A-C31A-C30A
FelA-C27A-C31A-C30A
C28A-C27A-C31A-FelA
C26A-S1A-C32A-C35A
IrTA-S1A-C32A-C35A
C26A-S1A-C32A-C33A
IrTA-S1A-C32A-C33A
C26A-S1A-C32A-C34A
Ir1A-S1A-C32A-C34A
C8B-C1B-C2B-C3B
Ir1B-C1B-C2B-C3B
C8B-C1B-C2B-Ir1B
CI1B-C2B-C3B-C4B
Ir1B-C2B-C3B-C4B
C2B-C3B-C4B-C5B
C3B-C4B-C5B-C6B
C3B-C4B-C5B-Ir1B
C4B-C5B-C6B-C7B

170(2)
-131(2)
-58.8(17)
-60(3)
131(2)
35(3)
173.4(17)
50.4(19)
-2(3)
-62(2)
60.0(17)
33)
-56(2)
59.5(18)
-4(3)
-60.6(19)
57(2)
33)
-57.7(17)
61(2)
-1(3)
57.9(18)
-58.8(17)
-83.9(18)
38.8(18)
38.9(17)
161.6(13)
153.9(15)
-83.4(14)
-7(4)
-108(2)
100(3)
97(3)
17(3)
-34(4)
-45(4)
36(3)

-6(4)
SI-60



Ir1B-C5B-C6B-C7B
C4B-C5B-C6B-Ir1B
C5B-C6B-C7B-C8B
Ir1B-C6B-C7B-C8B
C2B-C1B-C8B-C7B
Ir1B-C1B-C8B-C7B
C6B-C7B-C8B-C1B
C21B-P1B-C9B-C10B
CI15B-P1B-C9B-C10B
Ir1B-P1B-C9B-C10B
C21B-P1B-C9B-C14B
CI15B-P1B-C9B-C14B
Ir1B-P1B-C9B-C14B
C14B-C9B-C10B-C11B
P1B-C9B-C10B-C11B
C9B-C10B-C11B-C12B
C10B-C11B-C12B-C13B
C11B-C12B-C13B-C14B
C10B-C9B-C14B-C13B
P1B-C9B-C14B-C13B
C12B-C13B-C14B-C9B
C21B-P1B-C15B-C16B
CI9B-P1B-C15B-C16B
Ir1B-P1B-C15B-C16B
C21B-P1B-C15B-C20B
CI9B-P1B-C15B-C20B
Ir1B-P1B-C15B-C20B
C20B-C15B-C16B-C17B
P1B-C15B-C16B-C17B
C15B-C16B-C17B-C18B
C16B-C17B-C18B-C19B
C17B-C18B-C19B-C20B
C18B-C19B-C20B-C15B
C16B-C15B-C20B-C19B
P1B-C15B-C20B-C19B
C9B-P1B-C21B-C25B
CI15B-P1B-C21B-C25B
Ir1B-P1B-C21B-C25B

SI-61

-109(2)
103(3)
98(3)
14(4)
-42(4)
41(3)
-36(4)
23(2)

87.1(19)
-143.3(16)
153.7(17)
-96.1(18)
33.5(18)
1(3)
177.5(17)
0(4)
2(4)
3(4)
-2(3)
-179.0(16)
4(3)
122.9(19)
152)

-108.0(17)
-53(2)

-161.6(18)

75.6(19)
-1(3)
-177.3(18)
2(4)
-1(4)
-2(4)
3(4)
-1(4)
175.2(19)
-70(2)

-179.2(18)
47(2)



C9B-P1B-C21B-C22B
CI15B-P1B-C21B-C22B
Ir1B-P1B-C21B-C22B
C9B-P1B-C21B-FelB
C15B-P1B-C21B-FelB
Ir1B-P1B-C21B-FelB
C25B-C21B-C22B-C23B
P1B-C21B-C22B-C23B
FelB-C21B-C22B-C23B
C25B-C21B-C22B-FelB
P1B-C21B-C22B-FelB
C21B-C22B-C23B-C24B
FelB-C22B-C23B-C24B
C21B-C22B-C23B-FelB
C22B-C23B-C24B-C25B
FelB-C23B-C24B-C25B
C22B-C23B-C24B-FelB
C22B-C21B-C25B-C24B
P1B-C21B-C25B-C24B
FelB-C21B-C25B-C24B
C22B-C21B-C25B-C26B
P1B-C21B-C25B-C26B
FelB-C21B-C25B-C26B
C22B-C21B-C25B-FelB
P1B-C21B-C25B-FelB
C23B-C24B-C25B-C21B
FelB-C24B-C25B-C21B
C23B-C24B-C25B-C26B
FelB-C24B-C25B-C26B
C23B-C24B-C25B-FelB
C21B-C25B-C26B-S1B
C24B-C25B-C26B-S1B
FelB-C25B-C26B-S1B
C32B-S1B-C26B-C25B
Ir1B-S1B-C26B-C25B
C31B-C27B-C28B-C29B
FelB-C27B-C28B-C29B
C31B-C27B-C28B-FelB

105(2)
-4(2)
-137(2)
-158.1(14)
93.2(16)
-40.2(16)
4(3)
-172(2)
61.9(18)
-58.3(17)
126(2)
-4(3)
54.8(19)
-59.3(17)
4(3)
59.2(17)
-55.7(19)
-13)
175.1(18)
-60.5(17)
-167(2)
9(3)
133(2)
59.1(16)
-124.4(17)
-1(3)
61.1(17)
165(2)
-132(2)
-62.4(18)
-62(3)
134(2)
39(2)
171.1(15)
48.6(16)
-9(5)
-65(3)

56(3)
SI-62



C27B-C28B-C29B-C30B
FelB-C28B-C29B-C30B
C27B-C28B-C29B-FelB
C28B-C29B-C30B-C31B
FelB-C29B-C30B-C31B
C28B-C29B-C30B-FelB
C29B-C30B-C31B-C27B
FelB-C30B-C31B-C27B
C29B-C30B-C31B-FelB
C28B-C27B-C31B-C30B
FelB-C27B-C31B-C30B
C28B-C27B-C31B-FelB
C31"-C27"-C28"-C29"
FelB-C27"-C28"-C29"
C31"-C27"-C28"-FelB
C27"-C28"-C29"-C30"
FelB-C28"-C29"-C30"
C27"-C28"-C29"-FelB
C28"-C29"-C30"-C31"
FelB-C29"-C30"-C31"
C28"-C29"-C30"-FelB
C29"-C30"-C31"-C27"
FelB-C30"-C31"-C27"
C29"-C30"-C31"-FelB
C28"-C27"-C31"-C30"
FelB-C27"-C31"-C30"
C28"-C27"-C31"-FelB
C26B-S1B-C32B-C34B
Ir1B-S1B-C32B-C34B
C26B-S1B-C32B-C35B
Ir1B-S1B-C32B-C35B
C26B-S1B-C32B-C33B
Ir1B-S1B-C32B-C33B
C17C-B1C-C1C-Co6C
C25C-B1C-C1C-Co6C
C9C-B1C-C1C-C6C
Cl7C-B1C-C1C-C2C
C25C-B1C-C1C-C2C

6(6)
-57(4)
63(3)

0(7)
-55(5)
55(4)
-6(7)
-63(4)
57(4)

9(6)
65(4)
-55(3)

0(8)
-56(5)
56(5)

0(8)
-63(5)
63(5)
1(10)
-66(6)
67(5)
-1(9)
-61(6)
60(6)

1(8)
54(6)
-53(5)
-82(2)
41(2)

155.8(14)
-82.0(14)
41.1(15)
163.3(11)

96(2)
25(3)

-144.7(19)
-81(2)

157.7(18)
SI-63



C9C-B1C-C1C-C2C
C6C-C1C-C2C-C3C
B1C-C1C-C2C-C3C
CIC-C2C-C3C-C4C
CIC-C2C-C3C-C7C
C2C-C3C-C4C-C5C
C7C-C3C-C4C-C5C
C3C-C4C-C5C-C6C
C3C-C4C-C5C-C8C
C2C-C1C-C6C-C5C
B1C-C1C-C6C-C5C
C4C-C5C-C6C-C1C
C8C-C5C-C6C-C1C
C4C-C3C-C7C-F6C
C2C-C3C-C7C-F6C
C4C-C3C-CTC-F5C
C2C-C3C-C7C-F5C
C4C-C3C-C7C-F4C
C2C-C3C-C7C-F4C
C4C-C5C-C8C-F2C
C6C-C5C-C8C-F2C
C4C-C5C-C8C-F1C
C6C-C5C-C8C-F1C
C4C-C5C-C8C-F3C
C6C-C5C-C8C-F3C
C17C-B1C-C9C-C14C
C25C-B1C-C9C-C14C
CIC-B1C-C9C-C14C
C17C-B1C-C9C-C10C
C25C-B1C-C9C-C10C
CIC-B1C-C9C-C10C
C14C-CoC-C10C-Cl11C
B1C-C9C-C10C-C11C
CoC-Cl10C-C11C-C12C
C9C-C10C-C11C-C15C
Cl10C-Cl1C-C12C-C13C
CI5C-Cl1C-C12C-C13C
Cl1C-C12C-C13C-C14C

38(2)
2(3)
175.7(18)
33)
-178(2)
-3(3)
179.0(19)
1(3)
-177.9(19)
0(3)
-177.3(17)
1(3)
179.2(19)
6(3)
-172(2)
-116(2)
65(3)
126(2)
-53(3)
178.6(19)
0(3)
-59(3)
122(2)
55(3)
-1232)
-43(2)
77(2)
-158.0(17)
147.2(17)
-93(2)
32(2)
303)
173.6(17)
-4(3)
-176.5(18)
4(3)
176.3(19)

3(3)
SI-64



Cl1C-C12C-C13C-C16C
C10C-C9C-C14C-C13C
B1C-C9C-C14C-C13C
C12C-C13C-C14C-C9C
C16C-C13C-C14C-C9C
CI12C-C11C-C15C-F7C
CI10C-C11C-C15C-F7C
CI12C-C11C-C15C-FoC
CI10C-C11C-C15C-F9oC
CI12C-C11C-C15C-F8C
CI10C-C11C-C15C-F8C
CI12C-C13C-C16C-F12C
C14C-C13C-C16C-F12C
C12C-C13C-C16C-F10C
C14C-C13C-C16C-F10C
CI12C-C13C-C16C-F11C
C14C-C13C-C16C-F11C
C25C-B1C-C17C-C18C
CIC-BIC-C17C-C18C
C9C-B1C-C17C-C18C
C25C-B1C-C17C-C22C
CIC-BIC-C17C-C22C
C9C-B1C-C17C-C22C
C22C-C17C-C18C-C19C
B1C-C17C-C18C-C19C
C17C-C18C-C19C-C23C
C17C-C18C-C19C-C20C
C18C-C19C-C20C-C21C
C23C-C19C-C20C-C21C
C19C-C20C-C21C-C22C
C19C-C20C-C21C-C24C
C20C-C21C-C22C-C17C
C24C-C21C-C22C-C17C
CI18C-C17C-C22C-C21C
B1C-C17C-C22C-C21C
CI18C-C19C-C23C-F13C
C20C-C19C-C23C-F13C
CI18C-C19C-C23C-F14C

-180(2)
2(3)
-172.9(17)
303)
179.4(19)
13(3)
-174.2(19)
-111(2)
61(3)
134(2)
-54(3)
123(2)
-54(3)
-13)
-177.6(18)
-117(2)
66(2)
-148.7(18)
87(2)
-33(3)
39(2)
-85(2)
154.6(17)
-13)
-173.9(19)
177(2)
-13)
33)
-174(2)
-4(3)
178(2)
2(4)
-180(2)
1(3)
173.8(19)
-78(3)
99(3)

45(3)
SI-65



C20C-C19C-C23C-F14C
CI18C-C19C-C23C-F15C
C20C-C19C-C23C-F15C
C20C-C21C-C24C-F16C
C22C-C21C-C24C-F16C
C20C-C21C-C24C-F17C
C22C-C21C-C24C-F17C
C20C-C21C-C24C-F18C
C22C-C21C-C24C-F18C
C17C-B1C-C25C-C30C
CIC-B1C-C25C-C30C
CI9C-B1C-C25C-C30C
C17C-B1C-C25C-C26C
CIC-B1C-C25C-C26C
CI9C-B1C-C25C-C26C
C30C-C25C-C26C-C27C
B1C-C25C-C26C-C27C
C25C-C26C-C27C-C28C
C25C-C26C-C27C-C31C
C26C-C27C-C28C-C29C
C31C-C27C-C28C-C29C
C27C-C28C-C29C-C30C
C27C-C28C-C29C-C32C
C26C-C25C-C30C-C29C
B1C-C25C-C30C-C29C
C28C-C29C-C30C-C25C
C32C-C29C-C30C-C25C
C26C-C27C-C31C-F21C
C28C-C27C-C31C-F21C
C26C-C27C-C31C-F19C
C28C-C27C-C31C-F19C
C26C-C27C-C31C-F20C
C28C-C27C-C31C-F20C
C28C-C29C-C32C-F22C
C30C-C29C-C32C-F22C
C28C-C29C-C32C-F24C
C30C-C29C-C32C-F24C
C28C-C29C-C32C-F23C

-137(2)
160.7(19)
22(3)
33)
-176(2)
123(2)
-55(3)
-119(2)
63(3)
-152.1(18)
352)
89(2)
35(2)
153.1(17)
-83(2)
2(3)
174.8(18)
-13)
178(2)
-1(3)
-179(2)
1(3)
-179(2)
-2(3)
-174.5(18)
0(3)
-179.7(19)
-174(2)
4(4)
62(3)
-120(2)
-58(3)
121(2)
0(3)
-180.0(18)
121(2)
-59(3)

-119(2)
SI-66



C30C-C29C-C32C-F23C
C9D-B1D-C1D-C6D
C25D-B1D-C1D-C6D
C17D-B1D-C1D-C6D
C9D-B1D-C1D-C2D
C25D-B1D-C1D-C2D
C17D-B1D-C1D-C2D
C6D-C1D-C2D-C3D
B1D-C1D-C2D-C3D
C1D-C2D-C3D-C4D
C1D-C2D-C3D-C7D
C2D-C3D-C4D-C5D
C7D-C3D-C4D-C5D
C3D-C4D-C5D-C8D
C3D-C4D-C5D-C6D
C2D-C1D-C6D-C5D
B1D-C1D-C6D-C5D
C4D-C5D-C6D-C1D
C8D-C5D-C6D-C1D
C4D-C3D-C7D-F2D
C2D-C3D-C7D-F2D
C4D-C3D-C7D-F1D
C2D-C3D-C7D-F1D
C4D-C3D-C7D-F3D
C2D-C3D-C7D-F3D
C4D-C5D-C8D-F6D
C6D-C5D-C8D-F6D
C4D-C5D-C8D-F4D
C6D-C5D-C8D-F4D
C4D-C5D-C8D-F5D
C6D-C5D-C8D-F5D
C25D-B1D-C9D-C10D
C17D-B1D-C9D-C10D
C1D-B1D-C9D-C10D
C25D-B1D-C9D-C14D
C17D-B1D-C9D-C14D
C1D-B1D-C9D-C14D
C14D-C9D-C10D-C11D

62(3)
-39(3)
-152.8(19)
86(2)
150(2)
36(3)
-86(2)
13)
171.5(19)
2(4)
178(2)
-3(4)
-179(2)
-176(2)
0(4)
-3(3)
-174.1(19)
3(4)
179(2)
125(3)
-51(4)
-116(3)
68(4)
7(4)
-169(2)
-11(4)
173(3)
119(3)
-58(3)
-131(3)
53(3)
91(3)
-142(2)
-28(3)
-78(3)
49(3)
163(2)

-4(4)
SI-67



B1D-C9D-C10D-C11D
C9D-C10D-C11D-C12D
C9D-C10D-C11D-C15D
C10D-C11D-C12D-C13D
CI15D-C11D-C12D-C13D
C11D-C12D-C13D-C14D
C11D-C12D-C13D-C16D
C12D-C13D-C14D-C9D
C16D-C13D-C14D-C9D
C10D-C9D-C14D-C13D
B1D-C9D-C14D-C13D
C12D-C11D-C15D-F7D
C10D-C11D-C15D-F7D
C12D-C11D-C15D-F8D
C10D-C11D-C15D-F8D
C12D-C11D-C15D-F9D
C10D-C11D-C15D-F9D
C12D-C13D-C16D-F12D
C14D-C13D-C16D-F12D
C12D-C13D-C16D-F10D
C14D-C13D-C16D-F10D
C12D-C13D-C16D-F11D
C14D-C13D-C16D-F11D
C9D-B1D-C17D-C18D
C25D-B1D-C17D-C18D
C1D-B1D-C17D-C18D
C9D-B1D-C17D-C22D
C25D-B1D-C17D-C22D
C1D-B1D-C17D-C22D
C22D-C17D-C18D-C19D
B1D-C17D-C18D-C19D
C17D-C18D-C19D-C20D
C17D-C18D-C19D-C23D
CI18D-C19D-C20D-C21D
C23D-C19D-C20D-C21D
C19D-C20D-C21D-C22D
C19D-C20D-C21D-C24D
C18D-C17D-C22D-C21D

-1732)
1(4)
-179(3)
2(5)
-178(3)
-2(5)
177(3)
2(5)
-180(3)
5(4)
174(3)
36(4)
-144(3)
162(3)
~18(4)
-84(4)
96(3)
-88(4)
90(4)
38(5)
-143(3)
156(3)
26(5)
31(3)
152.3(19)
-87(2)
-158.9(19)
-38(3)
82(2)
-1(3)
169.5(19)
-1(3)
-177.0(18)
13)
177.3(18)
0(3)
179.8(18)

2(3)
SI-68



B1D-C17D-C22D-C21D
C20D-C21D-C22D-C17D
C24D-C21D-C22D-C17D
C18D-C19D-C23D-F15D
C20D-C19D-C23D-F15D
C18D-C19D-C23D-F13D
C20D-C19D-C23D-F13D
CI18D-C19D-C23D-F14D
C20D-C19D-C23D-F14D
C22D-C21D-C24D-F17D
C20D-C21D-C24D-F17D
C22D-C21D-C24D-F18D
C20D-C21D-C24D-F18D
C22D-C21D-C24D-F16D
C20D-C21D-C24D-F16D
C9D-B1D-C25D-C30D
C17D-B1D-C25D-C30D
C1D-B1D-C25D-C30D
C9D-B1D-C25D-C26D
C17D-B1D-C25D-C26D
CI1D-B1D-C25D-C26D
C30D-C25D-C26D-C27D
B1D-C25D-C26D-C27D
C25D-C26D-C27D-C28D
C25D-C26D-C27D-C31D
C26D-C27D-C28D-C29D
C31D-C27D-C28D-C29D
C27D-C28D-C29D-C32D
C27D-C28D-C29D-C30D
C26D-C25D-C30D-C29D
B1D-C25D-C30D-C29D
C28D-C29D-C30D-C25D
C32D-C29D-C30D-C25D
C26D-C27D-C31D-F20D
C28D-C27D-C31D-F20D
C26D-C27D-C31D-F21D
C28D-C27D-C31D-F21D
C26D-C27D-C31D-F19D

SI-69

-167.7(19)
2(3)
178.4(18)
72(3)
-104(2)
-48(3)
136.5(19)
-167.1(18)
17(3)
81(2)
-99(2)
-40(3)
140.0(19)
-159.2(17)
21(3)
-92(3)
139(2)
26(3)
75(2)
-54(3)
-167(2)
-1(4)
-169(2)
2(4)
-179(3)
-1(4)
180(3)
-175(3)
0(4)
0(4)
167(2)
0(4)
175(3)
52(5)
-128(3)
179(3)
-1(5)
-67(4)



C28D-C27D-C31D-F19D
C28D-C29D-C32D-F22D
C30D-C29D-C32D-F22D
C28D-C29D-C32D-F24D
C30D-C29D-C32D-F24D
C28D-C29D-C32D-F23D
C30D-C29D-C32D-F23D

SI-70

113(3)
59(5)
-116(3)
-168(3)
18(5)
-61(4)
125(3)



