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Abstract: A straightforward method for post-complexation derivatizations of diastereomerically and
enantiomerically pure bis-cyclometalated benzoxazole and benzothiazole iridium(l11) complexes is
reported. Triflate- and bromine-functionalized iridium(I11) dimers, represented as [Ir(u-Cl)(C*N)2]o,
were converted to the corresponding diastereomeric complexes, represented as Ir(C*N)2(N”~O), using
readily available chiral salicyloxazolines and salicylthiazolines as ancillary ligands which are
represented as N*O. The Ir(C*N)2(N~O) complexes, formed as mixtures of diastereomers, were then
resolved via flash chromatography and the diastereomerically pure complexes Ir(C*N)2(N”O)
subjected to Suzuki cross-couplings. The post-complexation cross-couplings proceed without
affecting the metal-located stereocenter and hence provide post-complexation derivatized non-
racemic iridium(I1l) complexes, which were not easily accessible with previous methods. This
method expands the toolbox to access functionalized non-racemic iridium(l11) complexes for diverse

applications in the life sciences, materials sciences, and catalysis.
Keywords: Iridium, chiral-at-metal, palladium, Suzuki-Miyaura, cross-coupling.
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Introduction

Cyclometalated iridium(l1l) complexes have been subject to intensive research due to their
photophysical properties which renders them interesting candidates as photo luminescence markers
and chemical probes in chemical biology and medicinal chemistry!>?l as well as luminophores in
organic light emitting diodes (OLEDS).B! Recently, we have demonstrated that cyclometalated
octahedral chiral-at-metal iridium(I1l) complexes can serve as versatile catalysts in various
asymmetric transformations.*®! In order to obtain the required chiral-at-metal catalysts
enantiomerically pure, we rely on acid labile salicyloxazoline and salicylthiazoline ancillary ligands,
which typically allow a convenient resolution of the initially formed diastereomeric precursor
complexes via standard flash chromatography.[® Subsequently, the acid labile ancillary ligands are
cleaved off to finally provide the desired enantiopure chiral-at-metal catalysts. However, in our efforts
to design new catalysts we faced limitations of this approach. We experienced that excessive
attachment of bulky hydrophobic groups to the benzoxazole or benzothiazole core structure, often
necessary for obtaining catalysts with tailored properties, frequently entails a tedious diastereomer
separation as the elution of the diastereomers converges. Other issues involve tailing of the
diastereomers, which renders it comparably challenging to isolate the second eluting diastereomer
fully separated.t*>€! Moreover, it is a common approach in the field of cyclometalated iridium(111)
complexes referring to the synthesis of libraries to modify the relevant ligands for each derivative
before complexation, which accumulates in a lot of steps and work.[® To avoid unnecessary steps and
a tedious separation, the development of well-resolvable, (non-racemic) precursor complexes, which
allow derivatizations after complex formation is desirable. Inspired by the work of other groups on
scaffolds like planar chiral [2.2]paracyclophane,*% axial chiral binaphthols,[**l polycyclic aromatic
hydrocarbons,*? heterocycles,*?l and others,™™*! we wondered if triflate- or bromine-functionalized
bis-cyclometalated iridium(l11) complexes could be accessed in a non-racemic fashion and then
derivatized by Suzuki cross-coupling after diastereomer separation. Although cross coupling as a

method to modify iridium(l11) complexes based on cyclometalated phenyl pyridine and phenylated
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terpy ligands has already been established,™ we did not find examples in the literature where either

benzoxazole- / benzothiazole-cyclometalated or diastereomerically pure complexes were subjected

to cross-coupling reactions. Therefore, in order to expand the synthetic toolbox for the synthesis of

chiral-at-metal complexes we have developed a method for post-complexation derivatizations of

diastereomerically and enantiomerically pure benzoxazole- and benzothiazole-cyclometalated

iridium(111) complexes by Suzuki cross-couplings (Figure 1).
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Figure 1. Synthesis of functionalized diastereomerically pure bis-cyclometalated iridium(lIl)

complexes from the corresponding Br- or OTf-functionalized complexes by post-complexation

Suzuki cross-coupling (this work).

This article is protected by copyright. All rights reserved.



Chemistry - A European Journal 10.1002/chem.201701758

Results and Discussion

Triflate- and Bromine-functionalized Iridium(I11) Precursor Complexes. We started our study
with the synthesis of bis-cyclometalated iridium(I11) complexes which contain functional groups that
can later be modified by Suzuki cross-coupling. At the beginning, we attempted to synthesize OTf-
functionalized dimers of the type [Ir(u-CI)(C*N)2].. For this, we reacted new phenylbenzoxazole
ligands PhboOTf, PhboMeOTTf and XyPhboOTf bearing a triflate group in the 5-position of the
benzoxazole moiety (R3=0Tf) with iridium(111) chlorate hydrate in ethoxyethanol at 130 °C. To our
delight, we were able to obtain iridium(ll1) dimers rac-1a-c with excellent yields of 79 to 89% and
triflate functionalization in the 5-position (R*=OTf) as orange solids after flash column, using
modified literature-known procedures.[®d (Table 1, entries 1-3). All complexes formed as racemic
single diastereomers with the benzoxazole ligands coordinated trans to each other as illustrated for
the crystal structure of rac-1b (Figure 2). In contrast to the synthesis of iridium(lll) dimers with
triflate-functionalized benzoxazole ligands, where a minimum amount of water was leading to better
solubility of the ligand and therefore better reaction time and purity, we found that addition of water

was crucial to obtain bromine-functionalized rac-1d in 70% yield and high purity (Table 1, entry 4).
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Table 1. Synthesis of racemic iridium(lll) dimer complexes bearing triflate and bromine

substituents. @

el

Q

R! ©/I\
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©_<\Xj©[ IrCI3 ) 3 H20 /,"o, ““““ m\\\\\\\\CIII//,,,“
N R3 2-ethoxyethanol I’r\m/
130 °C ’
CAN /N ~
D O
R2
rac-1
Entry Ligand C N Dimer R! R? R3 Yield!
1 PhboOTf rac-la H H OTf 87
2 PhboMeOTf rac-1b H Me OTf 89
3 XyPhboOTf rac-1c m,m-xylyl H oTf 79
4 PhbtBr rac-1d H H Br 70

[a] Reaction conditions:

Iridium(1I1) chloride hydrate (1.00eq.) and C”N ligand

(2.00 eq.) in ethoxyethanol (c = 25— 100 mM based on ligand) at 130 °C under exclusion
of light. [b] Isolated yield.
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Figure 2. Structure of rac-1b. ORTEP drawing with 50% probability of thermal ellipsoids, co-

crystallized solvent molecules omitted for clarity.

Auxiliary-mediated generation of single diastereomers. Subsequently, diastereomeric iridium(l11)
precursor complexes of the general formula Ir(C*N)2(N~O) were prepared by treating the dimers
[Ir(u-CI)(C"N)2]2 with excess ancillary ligand (N*O) in the presence of silver triflate and
triethylamine as shown in Table 2. All diastereomers were obtained as yellow / orange solids and
found to be easily resolved by standard silica gel chromatography. Accordingly, the reaction of dimer
rac-la with ancillary ligand (S)-2a afforded diastereomeric complexes A-(S)-3a and A-(S)-3a with
an isolated yield of 40% and 38% (Table 2, entry 1). Under similar conditions, dimer rac-1b was
converted to diastereomeric complexes A-(S)-3b and A-(S)-3b which were obtained in 40% and 37%
isolated yield (Table 2, entry 2) using ancillary ligand (S)-2a. To further demonstrate the scope,
salicyloxazoline ligand (S)-2b was used to convert dimers rac-1c and rac-1d under otherwise
identical conditions, which gave easily separable diastereomer complexes A-(S)-3c (39%), A-(S)-3c

(35%), A-(S)-3d (46%), and A-(S)-3d (44%) (Table 2, entries 3 and 4). Similarly, diastereomer
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complex A-(S)-3e was synthesized from rac-1d and ligand (S)-2a with 35% vyield. Single crystal X-
ray diffraction was used to determine the metal-centered configuration of the complexes A-(S)-3a
and A-(S)-3a (Figure 3 and 4) and all other complexes were assigned by comparison of their circular
dichroism spectra (Figure 5). In accordance with our previous results, it turned out that the first eluting
diastereomer was always the A-(S) and the second the A-(S) diastereomer. [

Table 2. Synthesis of diastereomeric precursor complexes with salicylthiazolinato (S)-2a and

salicyloxazolinato (S)-2b ligands.
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R' X\Q,Rs Rs@X R’ R’ XQF@
RZ R2 R2
rac-1 A/A-(S)-3
Entry  dimer R? R? RE® X R* Y RS N A Yield A Yield
rac-1 complex  [%]®  complex  [%]™
1 a H H OTf O iPr S H (S)}2a A-<(S)3a 40  A<(S)3a 38
2 b H Me OTf O iPr S H (S)2a A-<(S)-3b 40  A-<(S)}-3b 37
3 c xylyl H OTf O Ph O F (S)-2b A-(S)-3c 39 A-(S)-3c 35
4 d H H Br S Ph O F (S)2b A-(S)-3d 46  A-(S)-3d 44
5 d H H B S iPr O H (S)}2a A<(S)-3e 35  A<(S)0-3e 0O

[a] Reaction conditions: Racemic iridium(I1l) dimer complex rac-la-d (1.00 eq.) and ancillary
ligand (2.10 eq.) salicylthiazolin (S)-2a or salicyloxazolin (S)-2b in the presents of AgOTf
(2.10eq.) and EtsN (10.0eq.) in ethanol (15-30 mm) at 80 °C. Resolution of the resulting
diastereomeric complexes was achieved by simple flash column. 1 [b] Isolated yield. [c] A-(S)-

3e was found to be not stable on silica and basic aluminiumoxid column.
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Figure 3. Structure of A-(S)-3a. ORTEP drawing with 60% probability of thermal ellipsoids,

cocrystallized solvent molecules omitted for clarity.
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Figure 4. Structure of A-(S)-3a. ORTEP drawing with 70% probability of thermal ellipsoids,

cocrystallized solvent molecules omitted for clarity.
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As(M'em™)

200 300 400 500 600
Figure 5. CD spectra of the diastereomers A-(S)-3a and A-(S)-3a (MeCN; 200 um).

Post-complexation Suzuki cross-coupling. From the subsequent post-complexation cross-coupling
we expected the following features: (1) Both (pseudo)halides in the complex should take part in the
cross-coupling process leading to only a single doubly-derivatized product; (2) the coupling process
should require comparably mild reaction conditions to avoid decomposition of the participating
complexes; and finally, (3) the cross-coupling should work with a broad range of commercially
available reagents and take place under easily reproducible reaction conditions. During our research,
we found that a modified version of the SPhos-promoted Suzuki cross-couplings reported by
Buckwald et. al. fulfill these requirements nicely.[*'1 Compared to the literature conditions, the
catalyst loading was raised to 10 mol% Pd(OAc)2 and 20 mol% SPhos to decrease the reaction time
and to account for the two cross-coupled functional groups in our complexes. In addition, the
temperature was lowered to 90 °C to avoid side reactions and complex decomposition. It is important
to note that drastically reduced reaction times were observed when the required potassium phosphate
was employed finely grounded and thoroughly flame-dried. A 200 mm concentration of (pseudo)
halide-functionalized iridium(l1l) complex in dry and degassed toluene resulted in a good

10
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compromise between reaction time and solubility.[*®] To our satisfaction, these conditions were
applicable to a broad scope of iridium(l11) complexes. Figure 6 shows the products of the cross-

couplings with precursor complexes A-(S)-3a-e and A-(S)-3b-d.

At first, A-(S)-3a of the PhboOTT type was investigated under the aforementioned conditions.
Iridium(111) complex A-(S)-3a was therefore combined with phenylboronic acid, powdered
potassium phosphate, Pd(OAc)., SPhos and set under inert gas atmosphere. The heterogenous
mixture was suspended in dry, thoroughly degassed toluene and heated to 90 °C overnight. The
reaction vessel was shielded from light to avoid photoinduced site reactions. Subsequently, complex
A-(S)-4a was obtained as orange solid after flash column with a yield of 80%. Consequentially, to
increase the scope towards to sterically more demanding functionalization, additional cross-coupling
reactions were conducted on iridium(ll1) complex A-(S)-3a with different boronic acids under
otherwise identical conditions. Utilizing mesitylene-2-boronic acid, complex A-(S)-4b was obtained
as an orange solid with 90% yield. Notably, complex A-(S)-3a could be functionalized with a
considerably bulky 2,4,6-triisopropylphenyl moiety to furnish complex A-(S)-4c in 60% vyield.
Thinking along these lines, we felt challenged to introduce an extended polycyclic aromatic
functionality using this method. Therefore, we attempted to cross-couple 2-(7-tert-butylpyren-2-yl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (P1)12¢1 with iridium(111) complex A-(S)-3a. To our delight,
this cross-coupling proceeded smoothly, which demonstrates that pinacol boronic ester can be applied
to this procedure when a slight amount of degassed water is present, yielding complex A-(S)-4d with
80%.

To extend this concept, experiments with PhboMeOTT iridium(l11) complexes A-(S)-3b and
A-(S)-3b, comprising a methyl group ortho to the cross-coupling position, were conducted, and to our
surprise, the desired cross-coupling products were obtained in excellent yields. The investigated
conditions were applied to complex A-(S)-3b using mesitylene-2-boronic and 2-(7-tert-butylpyren-
2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (P1) to receive A-(S)-4e (94%) and A-(S)-4f (86%) in

excellent yields. Additionally, complex A-(S)-3b was converted to A-(S)-4g with 83% yield using

11
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phenylboronic acid. In conclusion, we could demonstrate, that even though the 5-position is sterically
less accessible, the cross-coupling still proceeded nicely.

Encouraged by these results, XyPhboOTf complexes A-(S)-3c and A-(S)-3c were further
investigated. Focal point of this experiment was to evaluate the influence of the m,m-xylyl groups at
the 2° position (R! = xylyl) towards cross-coupling reactions. Strikingly, both precursor complexes
A-(S)-3c and A-(S)-3c could be functionalized with mesitylene-2-boronic acid by cross-coupling with
yields comparable to the aforementioned reactions with precursor A-(S)-3a-b. (A-(S)-4h 91%; A-(S)-
4i 88%). This results lead to the conclusion that modifications on the metallated phenylring weren’t
detrimental toward the cross-coupling at the 5-position.

In the context of our previous studies with cyclometalated iridium (I11) complexes, we have
recognized significant differences in the reactivity of benzothiazole and benzoxazole complexes.l
Hence, benzothiazole PhbtBr complexes A-(S)-3d and A-(S)-3d were applied to the cross-coupling
procedure. Accordingly, A-(S)-3d and A-(S)-3d were applied to the cross-coupling method to obtain
mesityl functionalized benzothiazole complexes in excellent yields A-(S)-4j (94%); A-(S)-4k (92%)
applying mesitylene-2-boronic acid. To further extend the scope of the benzothiazole derivatives
complex A-(S)-3d was cross-coupled with 2-(7-tert-butylpyren-2-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (P1) to obtain A-(S)-41 with 92% vyield. To demonstrate, that both diastereomers
undergo cross-coupling, complex A-(S)-3d was cross-coupled with (3-
(dimethylamino)phenyl)boronic acid to receive complex A-(S)-4m with 55% yield (crystal structure
in Figure 7). It is worth mentioning that the quite sensitive complex A-(S)-3e still undergoes cross
coupling yielding complex A-(S)-4n in 58% vyield. Representative CD-spectra of both modified

diastereomer complexes A-(S)-4j and A-(S)-4k are shown in Figure 8.1

12
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Figure 6. Scope for post-complexation Suzuki cross-couplings on functionalized iridium(I11)
precursor complexes A-(S)-3a-e and A-(S)-3b-d. [a] 6 Equivalents of boronic acid were used. [b]

Pinacol boronic ester was used instead of free boronic acid. Isolated yields.
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Figure 7. Structure of A-(S)-4m. ORTEP drawing with 50% probability of thermal ellipsoids;

cocrystallized solvent molecules omitted for clarity.

Ac(M 'em™

Figure 8. CD spectra of diastereomers A-(S)-4j and A-(S)-4k after cross-coupling (MeCN;
¢ =200 pum).
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A representative HPLC experiment was carried out to proof that the developed post-
complexation cross-coupling approach proceeds under retention of the metal centered stereo
information and is therefore suited to furnish enantiopure complexes. The chiral ancillary ligand (S)-
2a of diastereomerically pure iridium(lll) complex A-(S)-4b was replaced with an achiral
acetylacetonate (acac) ligand to obtain the chiral-only-at-metal complex A-5 with 85% yield and 99%

ee as determined by HPLC on chiral stationary phase (Scheme 1).12°]

Oi o
=N 1) TfOH =N

/ \\\O CH 3C N

. ™ ///’/, \\\\\O

/
’
‘,

\\\\\ 2) chromatograph ol e
‘ \.K/S 3) acac, Et3N . (0]
iPrY
_N ethanol /N
(0]
I
A-(S)-4b A-5 85%, 99%ee

Scheme 1. Synthesis of the chiral-only-at-metal complex A-5.

Conclusions

We here reported a strategy to access a variety of diastereomerically and enantiomerically pure bis-
cyclometalated iridium(I11) complexes via Suzuki cross-coupling reactions with stereochemically
defined triflate- and bromide-functionalized iridium(l11) complexes. The reported cross-coupling
procedure provides a straightforward method to previously difficult to access functionalized bis-
cyclometalated iridium(I11) complexes which may find applications in the life sciences, materials
sciences, and in asymmetric catalysis. In this regard, quite recently we have relied on the reported
method to successfully immobilize a chiral-at-metal catalyst on a solid support.[?*! Further examples

for applications of this method are currently under investigation in our laboratory.

15
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Experimental section

Remarks: Synthesis and analytical data of the ligands, dimer complexes rac-1b-d, diastereomer
complexes A-(S)-3b-e and A-(S)-3b-d, cross-coupling products 4b-n, enantiopure complex A-5 and
reference rac-5, and boronic acid ester P1 are provided in the Supporting Information. General
experimental remarks, NMR signal assignment remarks, equipment and chemicals used are further

detailed in the Supporting Information.

Synthesis of dimer complex rac-1a: The reactions were performed according to a slightly modified
reported procedure.®d A flask equipped with nitrogen inlet, condenser and stir bar was charged with
the benzoxazole ligand PhboOTf (2.00 g, 5.82 mmol, 1.85 eq.) and ethoxyethanol (60 mL). The
solution was purged with N2 for 30 min before iridium(lll) chlorate hydrate (1.11 g, 3.17 mmol,
1.00 eq.) was added. The mixture was heated to 130 °C under reflux and exclusion of light overnight.
After 12 h, additional iridium(Ill) chloride hydrate (200 mg) were added and the reaction was
prolonged for additional 48 h. The resulting orange solution was filtered through a thin pad of silica
gel to remove salts. The filter cake was washed with CH2Cl2 thoroughly, the solvent was removed
under reduced pressure and the crude product was dried overnight. The crude product was purified
with flash chromatography n-hexane / MTBE (2:1) as eluent to remove side products. The main
product was eluted with CH2Cl2/MeOH (75:1). The iridium(Ill) dimer complex rac-la (2.32 g,
1.27 mmol, 87% based on the amount of starting ligand PhboOTf) was obtained as an orange powder.
Rf = 0.33 (n-hexane/CH,Cl, 1:1); 'H NMR (300 MHz, CD2Cl2): § = 8.22 (d, J = 2.5 Hz, 4H), 7.72 (d,
J=7.0 Hz, 4H), 7.56 (d, J = 9.1 Hz, 4H), 7.17 (dd, J = 9.0, 2.6 Hz, 4H), 6.97 (t, J = 7.3 Hz, 4H), 6.75
(td, J = 7.8, 1.3 Hz, 4H), 6.14 ppm (d, J = 7.8 Hz, 4H); 13C NMR (75 MHz, CD.Cl,): & = 180.5 (4C),
149.5 (4C), 146.5 (4C), 144.6 (4C), 140.9 (4C), 133.2 (4C), 132.8 (4C), 128.7 (4C), 127.3 (4C), 122.9
(4C), 119.1 (g, J = 319.9 Hz, 4C, CF3), 118.6 (4C), 113.0 (4C), 111.3 (4C) ppm; °F NMR (282 MHz,
CDCly, CFCls) 6 = -73.4 ppm; IR (ATR): & (cm™) = 3077 (w), 1623 (w), 1589 (m), 1513 (w), 1465

(W), 1425 (m), 1339 (w), 1296 (W), 1212 (s), 1135 (m), 1106 (m), 1038 (w), 978 (w), 943 (m), 864

16
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(m), 810 (w), 775 (w), 737 (m), 705 (w), 665 (w), 625 (w), 599 (m), 506 (w), 448 (w); HRMS (ESI):

m/z calcd. for CseH2sCloF121r2NsO16SsNa; [M+Na]™: 1846.8697, found 1846.8691.

Synthesis of diastereomer complexes A-(S)-3a and A-(S)-3a: The reaction was performed
according to a slightly modified reported procedure.[® A Schlenk tube (threaded PTFE plug)
equipped with stir a bar was charged with dimer rac-1a (1.33 g, 0.73 mmol, 1.00 eq.), ancillary ligand
(S)-2a (0.34 g, 1.53 mmol, 2.10 eq.), and ethanol (12.5 mL). This mixture was homogenized by
sonication for 10 min before AgOTf (0.39 g, 1.53 mmol, 2.10 eq.) and EtsN (1.01 mL, 0.74 g,
7.30 mmol, 10.0 eq.) were added. Afterwards, the mixture was further diluted with ethanol (12.5 mL)
and again homogenized by sonication. The mixture was heated to 80 °C for 8 h and monitored by
TLC. After completion, the flask was cooled to rt, and the mixture filtered through a plug of celite
which was rinsed with CH2Cl,. The filtrate was concentrated under reduced pressure and the crude
product was adsorbed on basic aluminum oxide with CH2Cl, and subjected to silica gel flash column
chromatography (CH2Cla/n-hexane 13:2 — CH2Cly) to separate the A-(S)-3a and A-(S)-3a
diastereomer iridium(111) complexes. Each complex was further purified by silica gel flash column
chromatography (n-hexane/EtOAc 5:2) to obtain the first eluting diastereomer A-(S)-3a (640 mg,
0.58 mmol, 40%) and the second diastereomer A-(S)-3a (608 mg, 0.55 mmol, 38%) as orange solids.
A-(S)-3a (first eluted isomer): Rs=0.29 (n-hexane/EtOAc 5:2), Rf = 0.09 (CH2Cl2/n-hexane 13:2);
IH NMR (300 MHz, CD,Cl,): § = 7.85 (d, J = 2.5 Hz, 1H, Ha,), 7.77-7.68 (m, 2H, Har), 7.66-7.58
(m, 2H, Har), 7.43 (dd, J = 8.2, 1.6 Hz, 1H, Ha), 7.35-7.32 (m, 2H, Ha), 7.27 (dd, J = 9.1, 2.5 Hz,
1H, Has), 7.16-7.07 (m, 1H, Ha), 6.96-6.73 (m, 4H, Har), 6.66 (d, J = 8.7 Hz, 1H, Har), 6.58 (d,
J=8.0 Hz, 1H, Has), 6.34-6.24 (M, 2H, Hay), 4.64-4.55 (m, 1H, CHaiipn), 3.33 (dd, J = 11.9, 9.8 Hz,
1H, CHaiiph), 2.96 (dd, J = 11.9, 1.7 Hz, 1H, CHuaiiph), 0.72-0.55 (m, 1H, CHir), 0.19 ppm (t,
J =6.9 Hz, 6H, 2xCH3); *C NMR (75 MHz, CD,Cly): § = 181.2, 180.8, 169.6, 167.5, 151.7, 150.8,
149.9, 149.6, 147.9,147.4,140.0, 139.9, 135.2, 134.3, 133.8, 133.2, 132.8, 132.0, 130.3, 129.9, 127 .4,

127.0, 124.1, 122.6, 121.7, 119.4, 119.4 (g, J = 321.0 Hz, CFs), 119.1 (q, J = 321.4 Hz, CF3), 118.6,
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118.3, 114.2, 113.4, 113.0, 111.8, 110.2, 85.1, 32.4, 27.3, 19.0, 14.1 ppm; °F NMR (282 MHz,
CD.Cly, CFCl3): §=-72.8,-72.9 ppm; IR (ATR): & = 3054 (W), 2962 (W), 1592 (m), 1557 (w), 1517
(W), 1463 (m), 1421 (m), 1345 (W), 1297 (w), 1206 (s), 1135 (s), 1104 (m), 1037 (w), 1013 (w), 981
(W), 943 (m), 870 (s), 814 (W), 776 (W), 739 (m), 706 (w), 663 (W), 626 (m), 601 (M), 560 (W), 509
(w), 432 (w) cm™; HRMS (ESI): m/z calcd. for CagH2sFslriN3OgS3sNa: [M+Na]*: 1120.0411, found
1120.0455; CD (MeCN): 4 (Ae, Mt-cm™) = 210 (+45), 227(-34), 252 (+21), 287 (~29), 327 (+46),
347 (+23), 376 (+27), 458 (-9) nm.

A-(S)-3a (second eluted isomer): Rs = 0.26 (n-hexane/EtOAc 5:2), R = 0.05 (CH2Cl2/n-hexane 13:2);
IH NMR (300 MHz, CD:Cly): 6 = 7.86-7.66 (m, 5H, Har), 7.44-7.37 (m, 2H, Har), 7.35-7.28 (m,
2H, Har), 7.06-6.92 (m, 3H, Har), 6.89-6.75 (m, 2H, Ha), 6.73-6.67 (m, 1H, Har), 6.60-6.53 (m,
1H, Har), 6.40-6.26 (M, 2H, Ha;), 3.67-3.58 (M, 1H, CHaiiph), 2.99 (dd, J = 11.5, 1.6 Hz, 1H, CHaiiph),
2.82 (dd, J = 11.3, 10.0 Hz, 1H, CHaiiph), 2.11-1.96 (m, 1H, CHipr), 1.10 (d, J = 6.8 Hz, 3H, CHa),
0.08 ppm (d, J = 6.8 Hz, 3H, CHs); ¥C NMR (75 MHz, CD2Cl,): 6 = 181.5, 169.5, 167.5, 152.4,
151.1, 150.0, 149.4, 148.0, 147.2, 140.6, 139.7, 136.3, 133.5, 132.7 (2C), 132.6, 131.8, 129.9, 129.3,
127.6, 127.0, 123.8, 122.5, 121.5, 119.7, 119.5, 119.1 (q, J = 320.6 Hz, CF3), 119.0 (q, J = 321.4 Hz,
CFs), 118.7, 114.0, 113.1, 1115, 110.5, 81.8, 32.4, 305, 20.4, 16,5 ppm; ®FNMR
(282 MHz, CD2Cly, CFCl3): 6 = -73.0, —73.2 ppm; IR (ATR): # = 3051 (w), 2962 (w), 2052 (w),
1593 (M), 1562 (W), 1517 (w), 1463 (m), 1422 (m), 1340 (W), 1297 (w), 1208 (s), 1135 (s), 1105 (m),
1036 (w), 1014 (w), 983 (w), 943 (m), 871 (m), 812 (m), 777 (W), 740 (m), 707 (W), 665 (W), 626
(w), 601 (m), 561 (w), 509 (w), 450 (W) cm; HRMS (ESI): m/z calcd. for CsoHa2sFslriN3OgSsNay
[M+Na]*: 1120.0411, found 1120.0457; CD (MeCN): 4 (Ae, Mt-cm™?) = 210 (-50), 225 (+16), 251

(-17), 280 (+29), 297 (+13), 303 (+16), 328 (~35), 420 (+7) nm.

Synthesis of the cross-coupling product A-(S)-4a: A Schlenk tube (10 mL; threaded PTFE plug)
equipped with stir a bar was charged with diastereomerically pure iridium(l1l) complex A-(S)-3a

(90.0 mg, 82.0 umol, 1.00 eq.), phenylboronic acid (40.0 mg, 328 umol, 4.0 eq.), powdered K3zPO4
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(70.0 mg, 328 umol, 4.00 eq.), Pd(OAc), (1.8 mg, 8.2 umol, 10 mol%), and SPhos (6.7 mg,
16.4 umol, 20 mol%). The heterogenous mixture was evacuated and refilled with nitrogen (3x).
Toluene (400 pL), thoroughly degassed by freeze-pump-thaw in 5 cycles, was used to suspend the
solids. The suspension was sonicated for 10 min and placed in a preheated oilbath (90 °C), stirred for
12 h, and monitored by TLC. The solvent was removed under reduced pressure, the crude product
dissolved in CH:Clz, adsorbed on basic aluminum oxide and purified by silica gel flash
chromatography (n-hexane/EtOAc 5:1 — 5:2) to afford the cross-coupled, diastereomerically pure
iridium(11l) complex A-(S)-4a (62.5mg, 65.6 pumol, 80%) as an orange solid. Rf=0.19 (n-
hexane/EtOAc 5:1), Rf = 0.31 (n-hexane/EtOAc 5:2); *H NMR (500 MHz, CD.Cly): § = 8.10-8.06
(m, 1H, Har), 7.79-7.65 (m, 9H, Hay), 7.56 (dd, J = 8.1, 1.7 Hz, 1H, Has), 7.52-7.48 (m, 2H, Ha),
7.45-7.34 (m, 5H, Har), 7.33-7.28 (M, 1H, Har), 7.25-7.20 (M, 1H, Har), 7.00-6.96 (M, 1H, Ha),
6.95-6.90 (m, 1H, Har), 6.89-6.84 (m, 1H, Har), 6.82-6.74 (m, 2H, Har), 6.72-6.67 (m, 1H, Ha/),
6.43-6.36 (M, 2H, Ha), 4.92-4.83 (m, 1H, CHaiph), 3.19 (dd, J = 11.8, 10.0 Hz, 1H, CHaiiph), 2.94
(dd, J = 11.8, 1.8 Hz, 1H, CHaiipn), 0.92-0.83 (m, 1H, CHipr), 0.21 (d, J = 7.2 Hz, 3H, CH3), 0.16 ppm
(d, J=7.2 Hz, 3H, CHs); °C NMR (125 MHz, CD,Cl,): 6 =178.9, 178.7, 168.1, 166.8, 150.8, 150.3,
150.1, 149.9, 141.0, 140.4, 140.0, 139.8, 139.6, 139.3, 135.1, 134.0, 133.8, 132.2, 131.8, 131.4, 130.9,
129.3 (2C), 129.1 (2C), 128.1,127.9 (3C), 127.7 (2C), 126.5, 126.2, 125.1, 124.5, 124.3,122.3,121.2,
1185, 116.3, 114.4, 113.6, 112.3, 111.7, 86.0, 31.9, 27.9, 18.9, 14.2, 1.2 ppm; IR (ATR): ¥ = 3054
(W), 2970 (w), 2855 (w), 1593 (m), 1556 (m), 1517 (m), 1442 (s), 1381 (m), 1351 (w), 1296 (m),
1256 (m), 1189 (w), 1154 (m), 1109 (s), 1073 (m), 1034 (m), 1011 (m), 916 (m), 887 (w), 821 (m),
763 (M), 736 (s), 697 (s), 640 (W), 596 (W), 554 (W), 517 (W), 449 (w), 417 (w) cm*; HRMS (LIFDI):
m/z calcd. for CsoHaglrN3OsS [M]™*: 953.2265, found 953.2289; CD (MeCN): 4 (Ag, M~ t-cm™1) = 205
(+11), 218 (+56), 235 (~23), 243 (~12), 257 (-31), 269 (~15), 292 (-53), 336 (+35), 346 (+32), 367

(+36), 463 (~10) nm.
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