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Design, Synthesis and Catalytic Activity of
(Cyclopentadienone)iron Complexes Containing a
Stereogenic Plane and a Stereogenic Axis

Giovanni Maria Fusi,” Tommaso Gandini,”™ Silvia Gazzola,” Toni Grell,™

Valentina Colombo,® ¢

Herein, we report the synthesis and characterization of several
chiral (cyclopentadienone)iron complexes (CICs) featuring either
two (R)-BINOL-derived stereoaxes or a combination of one (R)-
BINOL-derived stereoaxis and a stereogenic plane. The stereo-
plane-containing CICs were obtained as epimer mixtures, which
were separated by flash column chromatography and assigned
an absolute configuration based on XRD analysis, NMR and

Introduction

Control of the stereochemistry during a transition metal-
catalyzed organic transformation is imparted by the asymmetric
environment around the metal, which directs substrate ap-
proach to the catalytically active metal center. In this way one
type of approach of the substrate is preferred over the others,
and the catalytic transformation occurs favoring one enantiom-
er of the product. In many chiral complexes (typically in the
presence of C,-symmetric bidentate ligands), the catalytic metal
center is non-stereogenic, while in others the metal itself is a
stereogenic element. To date, in most chiral organometallic
catalysts the chiral environment is imparted by ligands
containing stereogenic centers or axes, which shape in a chiral
pocket the space around the metal™ On the other hand,
stereogenic planes have so far been rather neglected as source
of stereochemical information. A stereogenic plane is generated
when a planar motif possessing enantio- or diastereofaces is
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order of elution. The library was tested in the asymmetric
hydrogenation of ketones showing good catalytic activity and a
moderate stereoselectivity which, notably, is mostly imparted
by the stereogenic plane. Indeed, the two epimers of each CIC
possessing a stereoplane show opposite and equally strong
stereochemical preference.

modified by a substituent located above or below the plane.”’
This stereogenic element is typically displayed in p-cyclophane
derivatives, in trans-cyclooctene and, more commonly, in metal
complexes in which a planar ligand (e.g., a cyclopentadienyl
anion or a planar aromatic moiety), is - coordinated to the
metal, such as in sandwich and piano-stool complexes. In this
case, coordination of the metal to either face of the ligand
affords two enantiomeric or diasterecisomeric complexes
(depending on the possible presence of additional stereogenic
elements) potentially suitable for enantioselective catalysis.

An interesting example of chiral hydroxycylopentadienyl
ruthenium, Shvo-type catalysts® with a stereogenic plane was
developed by Hayashi and co-workers.! The complexes (Fig-
ure TA) were obtained by reaction of unsymmetrically sub-
stituted achiral cyclopentadienones with Ru;(CO),,, and the two
enantiomers arising from ruthenium complexation on the two
enantiofaces were separated by chiral HPLC. The catalysts were
tested in the transfer hydrogenation of activated ketones (such
as 2,2,2-trifluoroacetophenone) and ketimines, yielding excel-
lent conversions and moderate enantioselectivities (ee <56%
with 2,2,2-trifluoroacetophenone and ee<64% with the N-
phenyl imine of acetophenone).

More recently, chiral (cyclopentadienone)iron complexes
(CICs)®® with a stereogenic plane (Figure 1A) were developed
as pre-catalysts for the asymmetric hydrogenation of polar
double bonds with moderate enantioselectivities (ee <48%
with 2,2,2-trifluoroacetophenone).”” A major drawback of this
approach is the need for chiral HPLC separation of the racemic
mixture of the two enantiomeric complexes arising from the
unbiased complexation of the Fe(CO); moiety on both
enantiofaces of the achiral cyclopentadienone ligand. To get by
this issue, Wills and co-workers synthesized a few CICs
containing a stereocenter in addition to the stereogenic plane
(Figure 1B). The two diastereomers formed upon complexation
with iron could be separated and tested in ketone reduction,
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A. Cyclopentadienone complexes with a stereogenic plane
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B. CICs with a stereogenic plane and a stereocenter
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Figure 1. Cyclopentadienone complexes featuring a stereogenic plane.
CIC = (cyclopentadienone)iron complex.

showing moderate
25%).®

Herein we describe synthesis, characterization and catalytic
properties of several chiral CICs in which the cyclopentadienone
moiety is functionalized at the position 2 by an enantiomerically
pure binaphthyl substituent (Figure 1C). Thanks to the latter,
upon coordination of Fe(CO);, two diastereomeric complexes
containing a stereogenic plane and a stereogenic axis were
formed (Figure 1) and easily separated by silica gel chromatog-
raphy. These complexes were tested in the asymmetric hydro-
genation of C=0 double bonds, affording enantiomerically
enriched chiral alcohols.

reactivity and enantioselectivity (ee<

A. Synthesis of C,-symmetric precursor 4, | W
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Results and Discussion

Synthesis of the iron complexes containing C,-symmetric
cyclopentadienone ligands

Our investigation started from the synthesis of new chiral CIC
derivatives bearing 1,1-binaphthalene-based substituents at
both C2 and C5 of the cyclopentadienone ring.”’ Since these
chiral complexes are formally derived from C,-symmetric cyclo-
pentadienones, they possess no stereogenic plane, and the
binaphthyl stereoaxes are the only stereogenic elements. Study-
ing the catalytic properties of these complexes in enantioselec-
tive reduction allowed a first insight in the structure and
geometry of the new binaphthalene-based iron complexes. A
similar strategy had already been followed by some of us with
the synthesis of a family of chiral CICs featuring an (R)-BINOL-
derived backbone at C3 and C4 of the cyclopentadienone
moiety, and their application in the asymmetric hydrogenation
of ketones afforded ee values up to 77%, which are still the
highest reported so far using chiral CICs.!"”

In order to obtain the desired structure, we planned to
perform a carbonylative cyclization/complexation reaction on a
properly functionalized diyne. The synthesis of the desired
precursor 4 was achieved through the Sonogashira coupling
between 1,7-octadiyne and two equivalents of the chiral iodide
3, which was in turn prepared from commercially available (R)-
BINOL via protection of the two OH groups as MOM ethers""
followed by regioselective deprotonation/iodination of position
C3 of the binaphthyl moiety (Scheme 1A)."” Treating com-
pound 4 with Fe,(CO), in refluxing toluene led to the isolation
of the desired complex 1a in 63 % yield (Scheme 1B).

Crystals of 1a suitable for X-ray diffraction (XRD) analysis
were grown via slow diffusion of n-hexane into a solution of the
complex in EtOAc. XRD analysis confirmed structure and
absolute configuration (R,R) of the desired complex (Figure 2).
The two binaphthalene-derived residues at positions C2 and C5
adopt a conformation in which the steric hindrance is mostly
located around the portion of space above the cyclopentadie-
none ligand.

The MOM acetal groups of complex 1a could be easily
removed under acidic conditions (HCl in THF), affording
compound 1b in 77% yield (Scheme 2). The latter complex
possesses four OH groups amenable to be functionalized by
alkylation or acylation. However, alkyl substituents could not be

Scheme 1. A: Synthesis of the C,-symmetric diyne 4; B: Carbonylative cyclization/complexation to yield CIC 1a.
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Figure 2. ORTEP representation of the molecular structure of complex 1a.
Thermal ellipsoids are represented at the 50 % probability level. Color code:
C (black), O (red) and Fe (orange).
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Scheme 2. Cleavage of the four MOM groups of complex 1a and synthesis
of tetra-acylated CICs 1Tcand 1d.

installed, as the reactions with both methyl iodide and benzyl
bromide led only to products of partial functionalization or to
the degradation of the starting material. In contrast, the tetra-
acetylated complex 1c¢ and the fully benzoylated complex 1d
were obtained in 68% and 69 % yield, respectively, by treating
1b with the corresponding acyl chloride in the presence of
triethylamine and catalytic DMAP (Scheme 2).

Synthesis of the iron complexes containing C;-symmetric
cyclopentadienone ligands

After making chiral complexes 1a-d, we investigated the
synthesis and isolation of a new class of diastereoisomerically
pure chiral CICs starting from iodide 3, which had been already
employed in the preparation of 1a (Scheme 1). Cyclative
complexation of 1,7-octadiynes bearing different substituents at
the terminal positions leads to the formation of a stereogenic
plane. Due to the presence of the 1,1"-binaphthalene moiety in
the diyne precursors, diastereomeric pairs are formed featuring
an uncommon combination of a stereogenic plane and a

Chem. Eur. J. 2023, €202302533 (3 of 13)

stereogenic axis. Intermediate 3 was used in the Sonogashira
cross-coupling with a small library of mono-functionalized 1,7-
octadiyne derivatives (Scheme 3B).

Diyne 5 was in turn obtained in 40% yield from the
Sonogashira coupling between 1,7-octadiyne and iodobenzene
(Scheme 3A),"™® while products 6-8 were isolated in syntheti-
cally useful yields from the coupling reaction between 1,7-
octadiyne and the corresponding aryl iodides under copper-
free conditions (Scheme 3B). Through the use of different
aromatic systems, we aimed to investigate the properties of
complexes containing residues with diverse steric and elec-
tronic properties, starting from the plain phenyl ring and
ranging from the bulky and electron-rich mesityl and 2,6-
dimethoxyphenyl groups, to the electron-poor pentafluoropen-
yl group. The reactions between the common intermediate 3
and compounds 5-8 were performed under the same con-
ditions used for the preparation of C,-symmetric diyne 4, and
resulted in the isolation of products 9-12 in good yields
(Scheme 3B).

To generate the largest possible difference in hindrance
between the position 2 and 5 of the cyclopentadienone ligand,

A. Synthesis of the i 1,7 iyne derivatives.
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Scheme 3. A: Synthesis of mono-substituted 1,7-octadiyne derivatives 5-8; B:
Synthesis of C;-symmetric diyne precursors 9-12.
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Scheme 4. Synthesis of the diyne functionalized only on one end 13.
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A. Synthesis of the four pairs of isomers of iron complexes 15-18.
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toluene, 85 °C, 18 h
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Scheme 5. Carbonylative cyclization/complexation of diynes 9-12 and 14.

we also decided to prepare a diyne with a terminal triple bond.
Since the direct coupling between 1,7-octadiyne and one
equivalent of iodide 3 led to the mono-functionalization
product with poor selectivity, and thus in low yields, we opted
for a diyne containing a different tether linking the two triple
bonds (compound 14, Scheme 4). Hence, 3 was treated with
propargyl alcohol in the Sonogashira conditions described
above, affording compound 13 in 83% yield (Scheme 4).
Deprotonation and substitution on propargylic bromide suc-
cessfully led to product 14, containing a free terminal alkyne
moiety.

The carbonylative cyclization/complexation of diynes 9-12
and 14 was performed using Fe,(CO), as iron source and
toluene as solvent (Scheme 5).

Formation of the two diastereomers of the desired com-
plexes was observed in all cases, and the separation of each
pair was successfully achieved via column chromatography on
silica gel. Complexes (pR,aR)-15 and (pS,aR)-15"* were isolated
in good yields (37 % and 34 % respectively), as well as (pS,aR)-17
and (pR,aR)-17 (43% and 34%). Complexes (pR,aR)-16, (pS,aR)-
16, (pS,aR)-18 and (pR,aR)-18, containing more electron-rich
substituents, were slightly sensitive to air when in solution, but
could be nevertheless isolated in >50% vyield over the two
diastereomers. The preparation of complexes (pR,aR)-19 and
(pR,aR)-19 required a lower reaction temperature of 85°C and
resulted in the isolation of the two isomers in 26% and 19%
yield, respectively. Crystals of the second-eluted isomer contain-
ing a phenyl ring as substituent (15) were grown by slow
evaporation of a diethyl ether solution and then subjected to
XRD analysis. Structure and diastereoisomeric purity of the
complex (Figure 3) were confirmed, and configuration of the
stereogenic plane was assigned as S, which allowed to identify
the compound as (pS,aR)-15.'¥

Slow evaporation of an EtOAc solution of the first-eluted
isomer of the pair of complexes without any substituent at C5
(19) afforded crystals suitable for XRD analysis. The stereogenic
plane was assigned as (R)-configured in this case, and the
complex was identified as (pR,aR)-19 (Figure 4).

While the configuration of the stereoaxis is the same for all
the complexes, the configuration of the stereogenic plane had

Chem. Eur. J. 2023, €202302533 (4 of 13)

(PR,aR)-19, 26%

Fey(CO)g
toluene, 110 °C, 18 h .
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Figure 3. ORTEP representation of the molecular structure of complex
(pS,aR)-15. Thermal ellipsoids are represented at the 50% probability level.
Color code: C (black), O (red) and Fe (orange).

Figure 4. ORTEP representation of the molecular structure of complex
(pR,aR)-19. Thermal ellipsoids are represented at the 50 % probability level.
Color code: C (black), O (red) and Fe (orange).

to be determined for each isolated compound. For the
attribution we relied mostly on the molecular structures of
(pS,aR)-15 and (pR,aR)-19, and on the order of elution: for both
the pairs of complexes from which we were able to collect X-
ray analysis data, the species with a (R)-configured plane has a
higher R; value on silica gel, and vice versa a lower R; is

© 2023 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH
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associated to the opposite coordination geometry. Thus, we
figured that we could extend the relationship between the
absolute configuration of the stereoplane and the order of
elution also to the other pairs of diastereomers."™ Further proof
of the validity of the attribution can be found in the pattern of
the '"H NMR signals of the MOM groups (see Table S2 in the
Supporting Information) and in the stereochemical outcome of
the reduction of acetophenone promoted by the new catalysts.

Catalytic activity of the CICs containing C,-symmetric
cyclopentadienone ligands

CICs have found widespread application in the hydrogenation
and transfer hydrogenation of polar double bonds such as
carbonyls and imines."® Several chiral CICs have been prepared,
containing stereogenic centers®'” or axes"” in the cyclo-
pentadienone backbone. In all cases, moderate enantioselectiv-
ities were attained both with ketone and imine substrates.

The four new CICs 1a-d were employed in a preliminary
test for the enantioselective hydrogenation of acetophenone
(Table 1). All the reactions were carried out under 30 bar H,
pressure at 70°C, using Me;NO to activate the pre-catalysts
in situ."® Complex 1a was initially tested using a 5:2 isopropa-
nol/water solvent mixture, in which only a moderate conversion
to 1-phenylethanol was obtained (Table 1, entry 1), probably
due to the low solubility of the pre-catalyst. Quantitative
conversions were obtained, respectively, in isopropanol and in
toluene, where 1a is soluble (entries 2 and 3). However, the
enantiomeric excesses were negligible in all cases. This is not
surprising because, as can be seen in the X-ray crystal structure
of 1a (see Figure 2), the pocket around the iron center is almost
symmetric, and the steric hindrance is mainly located above the
iron atom. Removing the MOM residues resulted in a remark-
able decrease in terms of activity: the hydrogenation of
acetophenone promoted by pre-catalyst 1b in isopropanol
gave 22% conversion (Table 1, entry 5). Tetra-acylated com-

Table 1. AH of acetophenone (S1) catalyzed by complexes 1a-d.”!

H, (30 bar)
o Pre-cat. (2% mol) OH

Me3NO (4% mol) *
solvent, 70 °C, 18 h

s1 P1
Entry Pre-cat. Solvent Conv. (%)* ee (%)™
1 Ta iPrOH/H,0 5:2 35 <5
2 T1a iPrOH 29 <5
3 1a Toluene 98 <5
4 Ta 1,4-Dioxane 91 <5
5 1b iPrOH 22 <5
6 1c iPrOH 14 9 (R)
7 1d iPrOH 3 11 (R)

plexes 1c-d did not afford significantly better results, (R)-1-
phenylethanol being obtained with very low enantioselectivty
(9% ee with 1c - entry 6, and 11 % ee with 1d - entry 7).

Catalytic activity and selectivity of complexes 15-19

Both diastereomers of CICs 15-19 were employed in the AH of
acetophenone in the best conditions identified for 1a. The
results of the tests are shown in Table 2. Two general aspects of
the catalytic activity and selectivity of the new complexes have
to be highlighted (Table 2): firstly, the two diastereomers of
each complex (having opposite configurations of the stereo-
genic plane and the same configuration of the stereoaxis)
perform similarly in terms of activity. Secondly, the two stereo-
plane epimers show stereochemical preferences opposite but
similar in absolute value: the catalyst isomers with the higher R;
[i.e.,, (pR.aR)-15, (pR,aR)-16, (pS,aR)-17, (pS,aR)-18, (pR,aR)-19]
preferentially form (R)-1-phenylethanol, while the complexes
with lower R; ([i.e., (pS,aR)-15, (pS,aR)-16, (pR,aR)-17, (pR,aR)-18,
(pS,aR)-19] selectively form (S)-1-phenylethanol. Thus, the
stereogenic plane seems to play much stronger role than the
stereoaxis in determining the stereochemical outcome. Interest-
ingly, assuming the pericyclic outer sphere mechanism com-
monly accepted for this type of reaction,"” the product P1
seems to derive in all cases from a transition state in which the
phenyl group is positioned on the same side of the 1,1-
binaphthalene moiety (Figure 5).

The phenyl-substituted complexes (pR,aR)-15 and (pS,aR)-15
gave almost quantitative conversion of acetophenone, leading
to 38% ee and 33% ee with opposite stereochemical prefer-
ences (Table 2, entries 1 and 2).

[a] Reaction conditions: S1/Pre-cat/Me;NO=100:2:4, T=70°C, P,,=
30 bar, Cy(S1)=1.43 M. [b] Determined by GC analysis with a chiral
capillary column (see the Supporting Information).

Table 2. AH of acetophenone (S1) catalyzed by the diastereoisomerically
pure complexes 15-19.%!
H (30 bar)
[e] Pre-cat. (2% mol) OH
Me3NO (4% mol) :
©)k iPrOH, 70 °C, 18 h ©)\
s1 P1
Entry Pre-cat. Conv. (%)® ee (%)™
1 (pR,aR)-15 98 38 (R)
2 (pS,aR)-15 98 33 (S)
3 (pR,aR)-16 25 7 (R
4 (pS.aR)-16 18 10 (S)
5 (pS,aR)-17 >99 5(R)
6 (pRaR)-17 >99 5(S)
7 (pS,aR)-18 8 53 (R)
8 (pR,aR)-18 2 54 (S)
9 (pR,aR)-19 18 39 (R
10 (pS,aR)-19 16 37 (5)
[a] Reaction conditions: S1/Pre-cat/MesNO=100:2:4, T=70°C, Py,=
30 bar, Cys;=1.43 M. [b] Determined by GC analysis with a chiral capillary
column (see the Supporting Information).
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Figure 5. Postulated outer-sphere mechanism of the AH of acetophenone
promoted, respectively, by the CIC diastereomers with a higher R; on silica
gel (A), and from those with a lower R; on silica gel (B).

The two pre-catalysts containing a mesityl group (pR,aR)-16
and (pS,aR)-16 showed both a lower activity and a lower
selectivity in C=0 hydrogenation (entries 3 and 4). The presence
of a pentafluorophenyl ring imparted a much higher activity to
complexes (pS,aR)-17 and (pR,aR)-17, but enantioselectivities
were negligible (entries 5 and 6). In contrast, the two complexes
containing the strongly electron-donor 2,6-dimethoxyphenyl
ring promoted the reduction of acetophenone in low con-
version but with the highest ee’s in the series (53% ee towards
(R)-1-phenylethanol and 54% ee towards (S)-1-phenylethanol,
respectively; entries7 and 8). Pre-catalysts (pR,aR)-19 and
(pS,aR)-19, despite showing the largest difference in steric bulk
between the two sides of the cyclopentadienone, showed a
similar performance to (pR,aR)-15 and (pS,aR)-15 in terms of
selectivity (entries 9 and 10), along with a modest activity.

Conditions optimization and substrate screening with com-
plexes (pR,aR)-15 and (pS,aR)-15.

After the first screening performed on the five pairs of
diastereoisomerically pure pre-catalysts, we carried out a deeper
investigation of pre-catalysts (pR,aR)-15 and (pS,aR)-15, which
showed the best compromise between activity and selectivity.
A solvent screening was performed using the second-eluted
isomer of the complex [(pS,aR)-15, Table 3]. Overall, alcohols
proved the solvents of choice for the hydrogenation reaction:
full conversions to 1-phenylethanol were obtained in both
ethanol and isopropanol/water mixture (Table 3, entries 1 and
2), but no improvements were observed in terms of ee. Lower

Table 3. Solvent screening for the AH of acetophenone (S1) catalyzed by
complex (pS,aR)-15.°
H, (30 bar)
0 (pS,aR)-15 (2% mol) OH
Me3NO (4% mol)
solvent, 70 °C, 18 h

s1 (S)-P1
Entry Solvent Conv. (%)™ ee (%)™
1 5:2 iPrOH/H,0 >99 33
2 EtOH >99 30
3 1,4-Dioxane 68 37
4 Toluene 81 32
5 1,2-Dichloroethane 46 32
[a] Reaction conditions: S1/Pre-cat/Me;NO=100:2:4, T=70°C, P,,=
30 bar, Cy5;=1.43 M. [b] Determined by GC analysis with a chiral capillary
column (see Supporting Information).
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conversions and similar ee’s were observed in aprotic solvents
such as 1,4-dioxane (entry 3), toluene (entry 4) and 1,2-dichloro-
ethane (entry 5).

The influence of temperature on the stereochemical out-
come was then evaluated by testing pre-catalyst (pR,aR)-15 in
the AH of acetophenone in isopropanol at 50 °C (Scheme 6).

Acetophenone was reduced to 1-phenylethanol in 90%
conversion, but no improvement in terms of ee was observed
compared to the test run at 70°C.

With the optimized conditions in hands, we carried out a
substrate scope investigation using CICs (pR,aR)-15 and (pS,aR)-
15 as pre-catalysts. Thus, the AH of several pro-chiral ketones
was run in isopropanol at 70°C under 30 bar H, pressure
(Scheme 7). All substrates, including both alkyl aryl ketones and
dialkyl ketones, were quantitatively converted to the corre-
sponding alcohols. 'H-NMR analysis of the crude mixtures
recovered from the tests performed on substrates S3 and S5

H, (30 bar)

o} (pR.aR)-15 (2% mol) OH
Me3NO (4% mol) z

iPrOH, 50 °C, 18 h ©/\

R)-P1
s1 90% yield Ry

34% ee

Scheme 6. Test of the AH of acetophenone (S1) promoted by complex
(pR,aR)-15 at 50°C.

H, (30 bar)
15a-b (2% mol)
0 Me3NO (4% mol) OH
1 2 1 2

RTR® iprom,70°c, 18n@ R R

S§2-8 P2-8
OH OH

P2 P3

(PR,aR)-15: >99% conv. (71% yield),™) 27% ee (R)
(pS,aR)-15: >99% conv. (77% yield),’) 25% ee (S)

(pR.aR)-15: >99% conv., 35% ee (R)
(pS,aR)-15: >99% conv., 36% ee (S)

OH OH

P4 P5
(PR.aR)-15: >99% conv., <5% ee (pR,aR)-15: 97% conv. (61% yield),’”) 29% ee (R)
(pS,aR)-15: >99% conv., <5% ee (pS.aR)-15: 94% conv. (72% yield),”) 23% ee (S)

OH + OH
©)\CF3
P6 P7

(PR,aR)-15: >95% conv.,[ 23% ee (R
(pS,aR)-15: >95% conv.,[ 23% ee (S)<!

(PR,aR)-15: >99% conv., 18% ee (S)
(pS.aR)-15: >99% conv., 30% ee (R)

N
P8

(PR,aR)-15: >95% conv.,l 67% ee (R)
(pS,aR)-15: >95% conv.,[ 65% ee (S)

Scheme 7. Substrate screening for the AH of ketones catalyzed by CICs
(PRaR)-15 and (pS,aR)-15. [a] Reaction conditions: Substrate/Pre-cat./
Me;NO=100:2:4, T=70°C, Py, =30 bar, C,s;=1.43 M. Conversions were
determined by chiral GC analysis. [b] Yield determined by 'H-NMR analysis.
[c] Conversion determined by 'H-NMR analysis. ee’s were determined by GC
analysis with a chiral capillary column (see Supporting Information). [d] ee
determined by chiral HPLC analysis.
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revealed that, besides the alcohol products P3 and P5, the
corresponding symmetric ethers were obtained as byproducts.
The mechanism responsible for this transformation is currently
under investigation.

The AH of propiophenone (S2) occurred with a similar level
of stereocontrol compared to acetophenone (35% ee towards
(R)-1-phenylpropanol using pre-catalyst (pR,aR)-15, and 36 % ee
for (S)-1-phenylpropanol with (pS,aR)-15). Lower ee's [29% (R)
and 23% (S), respectively] were achieved in the reduction of 2-
acetonaphthone (S3), with the expected stereochemical rela-
tionship between the configuration of the product and that of
the pre-catalyst. The hydrogenation of electron-rich 4-meth-
oxyacetophenone (S5) led to a similar stereochemical outcome,
while negligible enantioselectivity was observed in the AH of 4'-
(trifluoromethyl)acetophenone (S4). The reduction of 2,2,2-
trifluoroacetophenone (S6) showed opposite stereochemical
outcome compared to other ketones: product (R)-P6 was
preferentially formed in the reaction catalyzed by (pR,aR)-15,
while (5)-P6 was the major product when (pS,aR)-15 was
used.” The hydrogenation of B-tetralone (S7), in contrast with
the other tests, showed a matched/mismatched effect: (pR,aR)-
15 afforded an excess of 18% in the formation of (5)-P7, while a
higher ee of 30% towards (R)-P7 was obtained with (pS,aR)-15.
Finally, quite expectedly, tert-butyl methyl ketone (S8) was
reduced with the best stereocontrol: 67 % ee towards (R)-P8 and
65 % ee towards (S)-P8.

Conclusions

In this work we have described the synthesis and character-
ization of several chiral CICs possessing either two (R)-BINOL-
derived stereogenic axes, or one stereogenic axis combined
with a stereogenic plane. The formation of the stereogenic
plane occurred upon cyclative complexation of chiral 1,7-diynes
affording diastereomeric mixtures which could be separated in
all cases by flash column chromatography. Notably, three of the
new complexes could be characterized by XRD analysis, which
allowed to unambiguously determine their absolute configu-
ration and to propose an assignment of the other CICs of the
series based on their elution order in chromatography. The CICs
were found active in the hydrogenation of ketones, showing
low to moderate enantioselectivity. The complexes possessing a
stereogenic plane were found remarkably more stereoselective
than those lacking it, and the stereoplane influenced the
stereochemical course much more strongly than the stereoaxis.
As a consequence, the two stereoaxis-epimers of each catalyst
allow to synthesize the two enantiomers of each chiral alcohol
with essentially the same ee. The two diastereomers of the most
effective pre-catalyst were tested with several ketone sub-
strates, showing good catalytic activity and moderate enantio-
selectivity.
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Experimental Section

General information

All reactions were carried out in anhydrous solvents in flame-dried
glassware with magnetic stirring under nitrogen or argon atmos-
phere, unless otherwise stated. Solvents were purchased from
commercial suppliers (Sigma Aldrich: THF, DMF, toluene, 1,4-
dioxane, CCl,; Carlo Erba: DCM, THF, toluene) and stored under
argon over molecular sieves. Commercially available reagents were
purchased from commercial suppliers (TClI Chemicals, Fluorochem,
Sigma Aldrich) and were used as received. Known compounds 2,'"
3" and 5" were prepared following modified literature proce-
dures (see Supporting Information). The reactions were monitored
by analytical thin-layer chromatography (TLC) using silica gel 60
F254 pre-coated glass or aluminum plates (0.25 mm thickness).
Visualization was accomplished by irradiation with a UV lamp and/
or by treatment with staining agents (potassium permanganate
alkaline solution, vanillin/H,SO, ethanolic solution, or phosphomo-
lybdic acid ethanolic solution). Purifications through flash column
chromatography were performed using silica gel (60 A, particle size
40-64 um) as stationary phase phase, following the procedure by
Still and co-workers.?"” "H-NMR spectra were recorded on a Bruker
spectrometer operating at 400 MHz. Proton chemical shifts are
reported in ppm (8) using solvent signal is used as reference (CDCl,
8=17.26 ppm; CD,Cl, 6=5.32 ppm; (CD;),CO 8=2.05ppm). The
following abbreviations are used to describe spin multiplicity: s=
singlet, d=doublet, t=triplet, g=quartet, m=multiplet, br s=
broad signal, dd=doublet-doublet, td=triplet-doublet, ddd=
doublet-doublet-doublet. Coupling constant values are reported in
Hz. ®C-NMR spectra were recorded on a Bruker spectrometer
operating at 100 MHz, with complete proton decoupling. Carbon
chemical shifts are reported in ppm (3) using solvent signal is used
as reference (CDCl; $=77.16 ppm; CD,Cl, 6=54.00 ppm; (CD,),CO
8=29.84 ppm, 206.26 ppm). Infrared spectra were recorded on
standard FT/IR spectrometers. Wave numbers were reported in
cm™'. Optical rotation values were measured on an automatic
polarimeter with a 1dm cell at the sodium D line (A=589 nm).
High resolution mass spectra (HRMS) were recorded on an ESI QTof
SYNAPT G2 Si mass spectrometer (Waters), available at the
UNITECH-COSPECT laboratories (Universita degli Studi di Milano).
Melting points were determined on a Blichi B-540 instrument.
Single crystal X-ray diffraction (SC-XRD) data were collected with a
Bruker Smart APEXIlI CCD area-detector diffractometer (Mo—Ka, A=
0.71073 A; generator settings: 50 kV, 30 mA). The data reduction
was carried out with CrysAlis Pro?? version 1.171.42.60a using an
empirical absorption correction with spherical harmonics (SCALE3
ABSPACK). The structure was solved by dual space methods with
SHELXT-2015% and refined with SHELXL-2018%* using the WinGX
program suite.”’ The pictures were generated with the program
ORTEP-3.” Hydrogen atoms, solvent molecules and disorders are
omitted for clarity in these representations. Additional crystallo-
graphic tables are reported in the Supporting Information.

Deposition Numbers 2280105 (for 1a), 2280106 (for 15), 2280107
(for 19) contain the supplementary crystallographic data for this
paper. These data are provided free of charge by the joint
Cambridge Crystallographic Data Centre and Fachinformationszen-
trum Karlsruhe Access Structures service.

Synthesis of diyne 4

lodide 3 (807 mg, 1.61 mmol, 1 eq) was dissolved in a 1:1 mixture
of Et;N (6.5 mL) and MeCN (6.5 mL). The solution was degassed
with a stream of argon, then 1,7-octadiyne (107 uL, 86 mg,
0.81 mmol, 1eq), Cul (15 mg, 0.08 mmol, 0.1 eq), and Pd(PPh,),
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(94 mg, 0.08 mmol, 0.1 eq) were added. The mixture was heated to
80°C for 2 hours. The reaction was allowed to cool down to rt, and
volatiles were removed in vacuo. The residue was purified through
chromatographic column on silica gel (EtOAc/petroleum ether 1:9).
4 was isolated as a white crystalline solid. Yield: 556 mg (0.65 mmol,
81%). R;=0.42 (SiO, EtOAc/petroleum ether 1:4). M.p.=147-
149°C. 'H-NMR (400 MHz, CDCl;) § [ppm]=8.08 (s, 2H), 7.94 (d, /=
9.0 Hz, 2H), 7.85 (d, *>J=8.1 Hz, 2H), 7.78 (d, *J=8.2 Hz, 2H), 7.56 (d,
J=9.0 Hz, 2H), 7.38-7.32 (m, 4H), 7.26-7.13 (m, 8H), 5.13 (d, J=
6.8 Hz, 2H), 4.97 (d, >J=6.2 Hz, 4H), 4.87 (d, >J=5.7 Hz, 2H), 3.14 (s,
6H), 2.61-2.54 (s, 10H), 1.89-1.84 (m, 4H). ®C-NMR (100 MHz, CDCl,)
S [ppm]=153.1, 152.9, 134.2, 133.9, 133.5, 130.6, 129.8, 129.8, 127.8,
127.6, 126.8, 126.6, 126.2, 126.1, 125.9, 125.4, 124.2, 120.8, 118.2,
116.8, 98.7, 95.2, 94.1, 78.2, 56.2, 56.0, 28.0, 19.5. IR (nujol): v
[cm'1=1616.4, 1592.0, 1507.2, 1259.2, 1242.6, 1152.0, 10734,
1034.3, 1013.0, 983.7, 922.6, 896.7, 809.3, 763.5. HRMS (ESI+): m/z
873.3391 [M+Na] " (calculated for CsgHs,OgNa ™t =873.3398).

Procedure for the synthesis of (cyclopentadienone)iron tricarbonyl
complexes 1a, 15, 16, 17, 18 (General procedure A).

Diiron nonacarbonyl (2 eq) and the diyne precursor (1 eq) were
charged in a flame-dried Schlenk under inert atmosphere. Toluene
(Co,diyne) =0.1 M) was added and the mixture was heated to 110°C
for 18 h. The reaction was allowed to cool to room temperature
and filtered through celite, rinsing with DCM. The corresponding
products were purified through chromatographic column on silica

gel.

Complex 1a

Complex 1a was prepared according to General procedure A
starting from diyne 4 (610 mg, 0.72 mmol). The product was
purified through chromatographic column on silica gel (EtOAc/
petroleum ether 1:4 to 3:7). 1a was isolated as a yellow crystalline
solid. Yield: 466 mg (0.46 mmol, 64%). R;=0.39 (SiO,, EtOAc/
petroleum ether 3:7). M.p.=245-250°C (dec.). 'H-NMR (400 MHz,
CDCl,) & [ppm]=8.08-7.90 (m, 6H), 7.85 (t, >J=9.1 Hz, 2H), 7.62 (d,
3)=9.1 Hz, TH), 7.57 (d, *J=9.0 Hz, 1H), 7.49-7.41 (m, 2H), 7.40-7.19
(m, 10H), 7.17 (d, *J=8.4 Hz, TH), 5.14-4.97 (m, 4H), 469 (d, J=
4.8 Hz, 1H), 4.63 (d, 2J=5.0 Hz, TH), 4.54 (d, 2J=4.8 Hz, 1H), 4.40 (d,
2J=4.2 Hz, TH), 3.23 (s, 3H), 3.19 (s, 3H), 3.03-2.81 (m, 2H), 2.53-2.33
(m, 5H), 2.28 (s, 3H), 1.98-1.80 (m, 4H). 'H-NMR (400 MHz, CDCl;) §
[ppm]=209.2, 171.6, 153.6, 153.0, 152.3, 152.1, 136.2, 136.1, 134.4,
134.3, 134.2, 134.0, 131.2, 131.1, 129.9, 129.8, 129.8, 129.5, 1284,
128.1, 127.7, 126.9, 126.7, 126.6, 126.6, 126.5, 126.3, 126.2, 126.1,
125.8, 125.4, 1254, 125.2, 125.0, 124.9, 124.3, 123.9, 121.1, 120.0,
117.1,115.9, 106.0, 105.2, 99.4, 99.4, 95.5, 94.6, 84.0, 83.8, 56.2, 56.1,
55.8, 22.5, 22.4, 22.3, 22.1. IR (nujol): ¥ [cm~'1=2060 (Fe(CO);), 2013
(Fe(CO),), 1978 (Fe(CO),), 1731, 1639 (C=0), 1591, 1305.8, 1239.3,
1196.1, 1147.8, 1084.7, 1039.5, 1008.0, 924.1, 901.0, 811.4, 744.2,
722.0. HRMS (ESI+): m/z 1019.2739 [M-+H]" (calculated for
CeoHsiFe0,, =1019.2724).

Synthesis of complex 1b

Complex 1a (156 mg, 0.15 mmol, 1eq) was dissolved in THF
(1.2 mL). Concentrated aqueous HCl (0.9 mL) was added, and the
mixture was heated to 40°C for 3 hours. The solution was diluted
with water (5 mL) and extracted with Et,0 (2x5 mL). The organic
phase was dried over Na,SO,, filtered, and concentrated in vacuo.
The product was purified through chromatographic column on
silica gel (EtOAc/petroleum ether 3:7). 1b was isolated as a yellow
solid. Yield: 100 mg (0.12 mmol, 77%). R,=0.36 (SiO,, EtOAc/
petroleum ether 2:3). M.p.=311-313°C (dec.). [olp= +253.2 (c=
0.13 in CH,Cl,). "H-NMR (400 MHz, (CD5),CO) & [ppm]=9.72 (s, TH),
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9.41 (s, TH), 8.30 (d, >J=10.9 Hz, 2H), 8.01-7.82 (m, 8H), 7.42-7.15
(m, 10H), 7.15-7.01 (m, 4H), 3.24-3.09 (m, 1H), 3.04-2.90 (m, 3H),
2.17-1.88 (m, 4H). *C-NMR (100 MHz, (CD5),C0) & [ppm]=209.9,
166.9, 154.7, 154.3, 154.3, 153.7, 135.7, 135.7, 135.7, 135.6, 133.5,
132.6, 130.8, 130.5, 130.2, 130.1, 129.5, 129.5, 129.3, 129.1, 129.0,
127.9, 127.8, 127.3, 127.1, 125.7, 125.6, 125.5, 124.5, 124.5, 123.8,
123.7, 122.2, 121.6, 119.7, 119.6, 1184, 117.9, 116.1, 115.5, 104.9,
102.4, 85.4, 83.9, 25.3, 24.2, 23.2, 23.1. IR (nujol): ¥ [cm™']=2853,
2074 (Fe(CO),), 2019 (Fe(CO),), 1620 (C=0), 1596, 1512, 1500, 1345,
1210, 1148, 817, 749, 722. MS (ESI+): m/z=843.00 [M+H]*, 864.95
[M-+Nal* (calculated for Ci,H;FeOgt =843.17, Cg,HiFeOgNa™ =
865.15). HRMS (ESI-): m/z=841.1522 [M-H]~ (calculated for
Cy,HssFe0,” =841.1530).

Synthesis of complex 1c

Complex 1b (30 mg, 0.036 mmol, 1 eq) was dissolved in dry THF
(0.7 mL). 4-dimethylaminopyridine (0.9 mg, 0.007 mmol, 0.2 eq),
triethylamine (40 uL, 29 mg, 0.29 mmol, 8 eq), and acetyl chloride
(15uL, 17 mg, 0.21 mmol, 6 eq) were added. The mixture was
stirred at room temperature for 4 hours. The reaction was
quenched with water (5 mL) and extracted with Et,0 (2x5 mL). The
organic phase was washed with a 0.5 M HCI solution (5 mL), water
(5 mL), and brine, then dried over Na,SO,, filtered, and concen-
trated in vacuo. The product was purified through chromatographic
column on silica gel (EtOAc/petroleum ether 3:7). 1c was isolated
as a pale-yellow solid. Yield: 24.8 mg (0.024 mmol, 68%). R;=0.29
(SiO,, EtOAc/petroleum ether 3:7). M.p.=180°C (dec.). [a]lp= +25.4
(c=0.05 in CH,Cl,). "H-NMR (400 MHz, (CD5),CO) & [ppm]=8.24 (s,
1H), 8.22-8.13 (m, 3H), 8.13-8.04 (m, 2H), 8.04-7.95 (m, 2H), 7.62—
7.42 (m, 6H), 7.40-7.26 (m, 2H), 7.26-7.18 (m, 2H), 7.09 (d, *J=
8.4 Hz, 1H), 7.03 (d, >J=8.4 Hz, 1H), 3.04-2.88 (m, 1H), 2.69-2.43 (m,
3H), 2.02-1.73 (m, 4H), 1.94 (s, 3H), 1.90 (s, 3H), 1.66 (s, 3H), 1.60 (s,
3H). *C-NMR (100 MHz, (CD,),CO) & [ppm]=210.4, 171.2, 170.1,
169.5, 169.3, 168.3, 148.1, 148.0, 147.8, 147.5, 136.7, 136.0, 134.4,
134.2, 134.1, 132.7, 132.6, 132.6, 132.5, 130.7, 1304, 129.4, 129.3,
129.1, 129.0, 128.2, 128.2, 127.8, 127.8, 127.6, 127.3, 127.3, 127.2,
126.9, 126.7, 126.6, 126.2, 125.5, 1254, 124.2, 123.7, 123.7, 123.2,
105.2, 103.7, 84.3, 83.4, 24.0, 23.2, 23.2, 22.8, 21.1, 20.9, 20.8, 20.6. IR
(nujol): # [em '1=2064 (Fe(CO);), 2007 (Fe(CO);), 1987 (Fe(CO),),
1762, 1654 (C=0), 1194.

Synthesis of complex 1d

Complex 1b (39 mg, 0.046 mmol, 1 eq) was dissolved in dry THF
(1.2 mL). 4-dimethylaminopyridine (1.1 mg, 0.009 mmol, 0.2 eq),
triethylamine (52 plL, 38 mg, 0.37 mmol, 8 eq), and benzoyl chloride
(32 uL, 39 mg, 0.28 mmol, 6 eq) were added. The mixture was
stirred at room temperature for 4 hours. The reaction was
quenched with water (5 mL) and extracted with Et,O (2x5 mL). The
organic phase was washed with a 0.5 M HCI solution (5 mL), water
(5mL), and brine, then dried over Na,SO,, filtered, and concen-
trated under reduced pressure. The product was purified through
chromatographic column on silica gel (EtOAc/petroleum ether 1:3).
1d was isolated as a yellow solid. Yield: 24.8 mg (0.024 mmol,
68%). R=0.51 (SiO, EtOAc/petroleum ether 3:7). M.p.=176-
182°C (dec.). [alp=—32.8 (c=0.21 in CH,Cl,). 'H-NMR (400 MHz,
CD,Cl,) & [ppm]=8.02-7.69 (m, 12H), 7.54-7.21 (m, 26H), 7.08 (dd,
*J=7.6 Hz, 2H), 6.99 (dd, >J=7.1 Hz, 2H), 2.48 (ddd, *J=17.1 Hz, *J=
?J=6.6 Hz, 1H), 2.39-2.25 (m, 2H), 2.03-1.89 (m, TH), 1.75-1.60 (m,
TH), 1.54-1.39 (m, 2H), 1.39-1.29 (m, 1H). *C-NMR (100 MHz, CD,Cl,)
8 [ppm]=209.3, 169.7, 165.4, 165.3, 165.1, 164.3, 147.7, 147.6, 147.1,
135.8 (br s), 134.6 (br s), 133.9, 133.8, 133.8, 133.7, 133.6, 133.6,
133.5, 132.1, 132.0, 131.8, 130.8, 130.4, 130.3, 130.1, 130.1, 130.1,
129.9, 129.6, 129.4, 129.3, 129.1, 129.0, 128.9, 128.8, 128.7, 128.6,
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128.5, 128.5, 128.4, 128.3, 127.8, 127.7, 127.3, 127.2, 127.0, 126.7,
126.6, 126.4, 126.2, 126.1, 125.8, 125.8, 124.9, 124.5, 124.1, 124.0,
122.2, 122.1, 83.5, 83.2, 23.7, 22.8, 22.6, 22.0. IR (nujol): v [em=
2066 (Fe(CO);), 2011 (Fe(CO);), 1991 (Fe(CO);), 1738, 1654 (C=0),
1600, 1263, 1212, 1177, 1079, 1063, 1022, 707. HRMS (ESI+): m/z=
1259.2717 [M+H]*, m/z=1281.2535 [M+Na]* (calculated for
CaoHs,Fe0,, " =1259.2724, CyoHsoFeO,,Na ™ = 1281.2544).

Procedure for the synthesis of diynes 6, 7, 8 (General
procedure B)

1,7-Octadiyne (3 eq) and the aryl iodide substrate (1eq) were
dissolved in dry 1,4-dioxane (C,(iodide)=0.075 M). Cs,CO; (4 eq)
was added, and the suspension was degassed with an argon
stream. SPhos (0.1 eq), and Pd(OAc), (0.05 eq) were added. The
reaction mixture was heated to 100 °C for 4 hours. The reaction was
allowed to cool to room temperature, and filtered through celite,
rinsing with DCM. The corresponding products were purified
through chromatographic column on silica gel.

Diyne 6

Diyne 6 was prepared according to General procedure B starting
from iodomesitylene (150 mg, 0.617 mmol). The product was purified
through chromatographic column (DCM/petroleum ether 1:9). 6
was isolated as a yellowish oil. Yield: 89 mg (0.397 mmol, 65%). R;=
0.53 (SiO,, DCM/petroleum ether 1:9). '"H-NMR (400 MHz, CDCl;) &
[ppm]=6.84 (s, 2H), 2.57-2.50 (m, 2H), 2.37 (s, 6H), 2.31-2.22 (m,
2H), 2.25 (s, 3H), 1.96 (t, *J=2.6 Hz, TH), 1.79-1.72 (m, 4H). *C-NMR
(100 MHz, CDCl;) & [ppm]=140.0, 136.9, 127.6, 120.8, 97.3, 843,
78.7, 68.6, 28.1, 27.7, 21.4, 21.2, 19.3, 18.1. HRMS (ESI+): m/z=
224.1573 [M+H]" (calculated for C;;H,, " =224.1565).

Diyne 7

Diyne 7 was prepared according to General procedure B starting
from iodopentafluorobenzene (133 pL, 294 mg, 1.00 mmol). The
product was purified through chromatographic column (DCM/
petroleum ether 1:15). 7 was isolated as a colorless liquid. Yield:
128 mg (0.47 mmol, 47%). R;=0.48 (SiO,, DCM/petroleum ether
1:15). "H-NMR (400 MHz, CDCl;) & [ppm]=2.54 (t, *J=6.6 Hz, 2H),
2.26 (td, *J=6.5 Hz, “J=2.3 Hz, 2H), 1.97 (t, */=2.4 Hz, 1H), 1.86-1.62
(m, 4H). ®C-NMR (100 MHz, CDCl;) § [ppm]=149.1-146.1, 142.7-
139.5, 139.2-136.2, 103.6-103.3, 101.0-100.0, 84.0, 68.8, 65.4-65.0,
27.5,27.2, 19.5, 18.1. "F-NMR (377 MHz, CDCl;) § [ppm]= —136.99-
—137.26 (m, 2F), —154.20 (t, >J=20.8 Hz, 1F), —162.33-—162.51 (m,
2F). IR (neat): v [cm™'1=2949.4, 2868.0, 2666.2, 2438.1, 2247.9,
2119.2, 1737.3, 16494, 1626.7, 1518.6, 1496.9, 1459.7, 1430.5,
1374.2, 1320.7, 1273.9, 1176.6, 1148.5, 1048.7, 989.4, 923.1, 838.3,
816.9, 793.2.

Diyne 8

Diyne 8 was prepared according to General procedure B starting
from 2-iodo-1,3-dimethoxybenzene (200 mg, 0.757 mmol). The
product was purified through chromatographic column (DCM/
petroleum ether 1:4 to 2:3). 8 was isolated as a yellowish oil. Yield:
101 mg (0.417 mmol, 55%). R;=0.15 (SiO,, DCM/petroleum ether
1:4). 'H-NMR (400 MHz, CDCl;) § [ppm]=7.17 (t, >)=8.4 Hz, 1H),
6.51 (d, >J=8.4 Hz, 2H), 3.87 (s, 6H), 2.60-2.54 (m, 2H), 2.33-2.21 (m,
2H), 1.95 (t, 9/=2.6 Hz, TH), 1.86-1.69 (m, 4H). >C-NMR (100 MHz,
CDCly) & [ppm]=161.6, 128.9, 103.6, 98.6, 84.6, 73.1, 68.4, 56.2, 27.9,
27.7, 19.8, 18.2. IR (neat): ¥ [cm '1=3286.4, 3003.1, 2933.3, 2837.8,
2538.8, 2229.8, 2188.7, 21152, 1927.2, 1713.6, 1583.5, 1473.9,
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1432.2, 1329.1, 1300.8, 1252.7, 1173.5, 1110.6, 1033.3, 958.4, 902.2,
776.9, 725.8. HRMS (ESI+): m/z 243.1358 [M+H]", 265.1205 [M+
Nal* (calculated for C;4H,,0," =243.1358, C;(H,30,Na" =265.1204).

Procedure for the coupling of iodide 3 with diynes 5, 6, 7, 8 (General
procedure C).

lodide 3 (1 eq) and the mono-substituted diyne substrate (1 eq)
were dissolved in a 1:1 mixture of MeCN and triethylamine (Cy(3):
0.1 M). The solution was degassed with a stream of argon. Cul
(0.1 eq) and Pd(PPh,), (0.05 eq) were added, and the reaction was
heated to 80°C for 2 hours. Volatiles were removed and the crude
was suspended in a saturated solution of NH,Cl. The residue was
extracted with DCM. The collected organic layers were washed with
brine, dried over Na,SO,, filtered, and concentrated in vacuo. The
corresponding products were purified through chromatographic
column on silica gel.

Diyne 9

Diyne 9 was prepared according to General procedure C starting
from mono-substituted diyne 5 (55 mg, 0.30 mmol). 9 was isolated
through chromatographic column on silica gel (EtOAc/petroleum
ether 1:9 to 1:4) as a thick yellow oil. Yield: 125 mg (0.23 mmol,
75%). R=0.61 (SiO, EtOAc/ petroleum ether 1:4). 'H-NMR
(400 MHz, CDCl,) 5 [ppm]=8.09 (s, TH), 7.95 (d, >J=9.0 Hz, 1H), 7.85
(d, ’J=8.2 Hz, TH), 7.81 (d, >J=8.2 Hz, 1H), 7.57 (d, >J=9.0 Hz, TH),
7.43-7.31 (m, 4H), 7.31-7.23 (m, 4H), 7.23-7.13 (m, 3H), 5.14 (d, /=
6.9 Hz, TH), 4.99 (d, 2J=7.0 Hz, 1H), 4.99 (d, 2J=5.7 Hz, 1H), 4.88 (d,
2J=5.7 Hz, 1H), 3.16 (s, 3H), 2.57 (s, 3H), 2.62-2.53 (m, 2H), 2.53-2.46
(m, 2H), 1.94-1.75 (m, 4H). *C-NMR (100 MHz, CDCl,) & [ppm]=
153.1, 152.9, 134.2, 133.9, 1335, 131.7, 130.6, 129.8, 129.8, 128.3,
127.8, 127.7, 127.6, 126.8, 126.6, 126.2, 126.1, 126.0, 125.4, 124.2,
124.1,120.8, 118.2, 116.9, 98.7, 95.2, 94.2, 89.9, 81.2, 78.2, 56.2, 56.0,
28.1, 28.0, 19.5, 19.2. HRMS (ESI+): m/z 577.2355 [M+Na]* (calcd.
for CysHs4NaO, *: 577.2355).

Diyne 10

Diyne 10 was prepared according to general procedure C starting
from mono-substituted diyne 6 (80 mg, 0.36 mmol). 87 was isolated
through chromatographic column on silica gel (EtOAc/petroleum
ether 1:9) as a yellow oil. Yield: 139 mg (0.233 mmol, 65%). Ri=
0.71 (SiO,, EtOAc/petroleum ether 1:4). 'H-NMR (400 MHz, CDCl,) &
[ppm]=8.07 (s, TH), 7.94 (d, >J=9.1 Hz, 1H), 7.85 (d, >J=8.1 Hz, 1H),
7.80 (d, *J=8.1 Hz, TH), 7.57 (d, >J=9.0 Hz, 1H), 7.41-7.31 (m, 2H),
7.30-7.12 (m, 4H), 6.83 (s, 2H), 5.14 (d, 2/ =6.9 Hz, TH), 5.02-4.93 (m,
2H), 4.87 (d, =5.7 Hz, 1H), 3.15 (s, 3H), 2.63-2.50 (m, 7H), 2.37 (s,
6H), 2.25 (s, 3H), 1.93-1.77 (m, 4H). *C-NMR (100 MHz, CDCl,) &
[ppm]=153.1, 152.9, 140.0, 136.9, 134.2, 133.9, 133.5, 130.6, 129.8,
129.8, 127.8, 127.6, 127.6, 126.2, 126.1, 126.0, 125.4, 124.2, 120.9,
120.8, 118.3, 116.9, 98.7, 97.4, 95.2, 94.3, 78.8, 78.1, 56.2, 56.0, 28.4,
28.0, 21.4, 21.2, 19.5, 19.4. HRMS (ESI+): m/z=619.2817 [M+Na] "
(calculated for C4H,00O,Na™: 619.2819).

Diyne 11

Diyne 11 was prepared according to general procedure C starting
from mono-substituted diyne 7 (56 mg, 0.21 mmol). was isolated
through chromatographic column on silica gel (EtOAc/n-hexane
1:9) as a yellow oil. Yield: 102 mg (0.16 mmol, 77 %). R;=0.26 (SiO,,
EtOAc/petroleum ether 1:9). 'TH-NMR (400 MHz, CDCl;) & [ppm]=
8.08 (s, TH), 7.94 (d, >J=9.0 Hz, 1H), 7.85 (d, *>J=8.1 Hz, 1H), 7.81 (d,
*J=8.2 Hz, 1H), 7.57 (d, >)=9.0 Hz, TH), 7.42-7.30 (m, 2H), 7.30-7.11
(m, 4H), 5.14 (d, =6.9 Hz, TH), 5.03-4.93 (m, 2H), 4.86 (d, /=
5.7 Hz, 1H), 3.15 (s, 3H), 2.65-2.50 (m, 4H), 2.57 (s, 3H), 1.94-1.74 (m,
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4H). PC-NMR (100 MHz, CDCl;) § [ppm]=153.1, 152.9, 149.0-146.2,
142.7-139.5, 139.2-136.2, 134.2, 133.9, 133.5, 130.6, 129.8, 129.8,
127.9, 127.6, 126.8, 126.6, 126.2, 126.1, 125.9, 1254, 124.2, 120.8,
118.1, 116.9, 103.6-103.4, 100.9-100.4, 98.7, 95.2, 93.8, 78.3, 65.4-
65.2, 56.2, 56.0, 27.8, 27.5, 19.5, 19.4. F-NMR (377 MHz, CDCl;) §
[ppm]=—136.95-137.13 (m, 2F), —154.18 (t, 3J=20.8 Hz, 1F),
—162.27-162.51 (m, 2F). IR (neat): ¥ [cm~'1=1612.8, 1594.0, 1334.7,
1260.8, 1241.9, 1214.8, 1155.7, 1069.8, 1033.8, 1014.3, 976.5, 923.1,
809.1, 761.2, 691.1. HRMS (ESI+): m/z 667.1884 [M+Na]" (calcu-
lated for C34H,,0,NaF;s " =667.1884).

Diyne 12

Diyne 12 was prepared according to General procedure C starting
from mono-substituted diyne 8 (77 mg, 0.32 mmol). 89 was isolated
through chromatographic column on silica gel (EtOAc/ petroleum
ether 1:4 to 3:7) as a yellow solid. Yield: 152 mg (0.247 mmol,
78%). R=0.39 (SiO, EtOAc/petroleum ether 1:4). 'H-NMR
(400 MHz, CDCl,) § [ppm]=8.07 (s, 1H), 7.94 (d, *J=9.1 Hz, 1H), 7.85
(d, >J=8.1Hz, TH), 7.80 (d, >)=82Hz, 1H), 7.57 (d, *)=9.0 Hz, TH),
7.41-7.30 (m, 2H), 7.30-7.10 (m, 5H), 6.51 (d, >J=8.4 Hz, 2H), 5.14 (d,
’J=6.9 Hz, 1H), 5.01-4.94 (m, 2H), 4.87 (d, ’J=5.8 Hz, TH), 3.86 (s,
6H), 3.16 (s, 3H), 2.68-2.51 (m, 4H), 2.56 (s, 3H), 1.97-1.79 (m, 4H).
BC-NMR (100 MHz, CDCl;) & [ppm]l=161.6, 153.1, 153.0, 134.2,
133.9, 1335, 130.6, 129.8, 128.9, 127.8, 127.6, 127.8, 127.6, 126.8,
126.6, 126.1, 126.0, 125.3, 124.2, 120.9, 118.3, 116.9, 103.6, 98.7,
98.6, 95.2, 94.6, 78.0, 73.2, 56.2, 56.2, 56.0, 28.2, 27.9, 19.9, 19.6. IR
(nujol): # [cm'1=3058.4, 3007.4, 2934.7, 2836.7, 2227.0, 2191.1,
1711.5, 1622.1, 1529.6, 1584.1, 1473.4, 1432.3, 1393.1, 1357.7,
1334.5, 1301.7, 12538, 1217.2, 11994, 11558, 1112.6, 1071.3,
1033.9, 1014.3, 978.5, 923.5, 904.9, 810.9, 752.9, 725.3. HRMS (ESI+):
m/z 637.2565 [M+Na]* (calculated for C,oH;s0sNa™ =637.2566).

Synthesis of compound 13

lodide 3 (500 mg, 1.00 mmol, 1 eq) was dissolved in a 1:1 mixture
of MeCN (5mL) and triethylamine (5mL). The solution was
degassed with a stream of argon. Cul (19 mg, 0.10 mmol, 0.1 eq),
Pd(PPh;), (115mg, 0.10 mmol, 0.1 eq), and propargyl alcohol
(116 uL, 112 mg, 2.00 mmol, 2 eq) were added. The reaction was
heated to 80°C for 2 hours. Volatiles were removed in vacuo, and
the residue was suspended in a saturated solution of NH,CI (15 mL).
The residue was extracted with DCM (2x15 mL). The organic layer
was washed with brine, dried over Na,SO,, filtered, and concen-
trated in vacuo. The product was purified through chromatographic
column on silica gel (EtOAc/petroleum ether 2:3). 13 was isolated
as a pale-yellow solid. Yield: 355 mg (0.83 mmol, 83 %). M.p.=109-
110°C. R;=0.41 (Si0,, EtOAc/ petroleum ether 2:3). 'H-NMR
(400 MHz, CDCl;) & [ppm]=8.12 (s, TH), 7.96 (d, *)=9.0 Hz, 1H),
7.89-7.80 (m, 2H), 7.58 (d, >J=9.0 Hz, 1H), 7.44-7.32 (m, 2H), 7.30-
7.22 (m, 2H), 7.20-7.13 (m, 2H), 5.14 (d, 2J=6.9 Hz, 1H), 5.00 (d, *J=
6.9 Hz, 1H), 4.90 (d, J=5.6 Hz, 1H), 4.82 (d, >J=5.6 Hz, 1H), 4.55 (d,
*J=3.5Hz, 2H), 3.16 (s, 3H), 2.71 (s, 3H), 1.91 (br s, 1H, OH). *C-NMR
(100 MHz, CDCl5) & [ppm]=153.1, 152.8, 134.2, 134.1, 134.0, 130.5,
130.0, 129.8, 127.9, 1279, 127.3, 126.8, 126.4, 126.2, 125.7, 125.6,
124.3, 120.4, 117.0, 116.8, 99.0, 95.2, 91.5, 83.1, 56.5, 56.1, 52.0. IR
(nujol): ¥ [em™'1=3417.4, 2226.9, 1621.7, 1593.5, 1261.1, 1241.7,
1214.9, 1154.5, 1120.5, 1068.4, 1032.7, 1013.7, 974.0, 921.3, 864.4,
809.5, 761.4.

Synthesis of diyne 14

NaH (60% in mineral oil, 16.6 mg, 0.693 mmol, 1.5eq) was
suspended in THF (3 mL). 13 (198 mg, 0.462 mmol, 1eq) was
dissolved in THF (1.6 mL), and the solution was slowly added to the
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suspension of NaH under argon atmosphere at 0°C. The mixture
was left for 0.5 hours at rt. Propargyl bromide (80% in toluene,
77 pL, 82.5 mg, 0.693 mmol, 1.5 eq) was added at 0°C. The mixture
was left under stirring for 3 hours at rt. The reaction was quenched
with sat. ag. NH,Cl (10 mL). The crude was extracted with EtOAc
(3x10 mL). The collected organic layers were washed with brine,
dried over Na,SO,, filtered, and concentrated in vacuo. The product
was purified through chromatographic column on silica gel (EtOAc/
n-hexane 1:9 to 1:4). 14 was isolated as a thick yellow oil. Yield:
188 mg (0.40 mmol, 87%). Ri=0.56 (SiO,, EtOAc/petroleum ether
1:4). "H-NMR (400 MHz, CDCl,) § [ppm]=8.14 (s, 1H), 7.96 (d, °J=
9.1 Hz, 1H), 7.89-7.80 (m, 2H), 7.58 (d, *J=9.1 Hz, 1H), 7.48-7.31 (m,
2H), 7.31-7.20 (m, 2H), 7.20-7.13 (m, 2H), 5.14 (d, 2J=6.9 Hz, TH),
5.00 (d, 2J=6.9 Hz, TH), 4.93 (d, 2J=5.7 Hz, 1H), 4.82 (d, >J=5.7 Hz,
1H), 4.57 (s, 2H), 4.37 (d, “J=2.3 Hz, 2H), 3.16 (s, 3H), 2.66 (s, 3H),
2.47 (t, *J=2.3 Hz, 1H). *C-NMR (100 MHz, CDCl,) & [ppm]=153.1,
1529, 134.5, 134.1, 134.1, 130.5, 130.0, 129.8, 127.9, 127.9, 127.3,
126.8, 126.4, 126.2, 125.8, 125.6, 124.3, 1204, 116.9, 116.7, 99.0,
95.2, 88.2, 84.3,79.1, 75.2, 57.6, 56.7, 56.4, 56.1. IR (nujol): 7 [cm~']1=
3286.5, 3058.6, 2945.5, 2853.1, 2225.1, 2116.7, 1738.6, 1621.9,
1594.1, 1508.8, 1469.9, 1428.0, 1393.3, 1357.2, 12425, 1156.1,
1077.6, 1033.6, 1014.0, 979.5, 923.0, 810.3, 751.6. HRMS (ESI+): m/z
489.1676 [M+Nal* (calculated for C;yH,sOsNa™ =489.1672).

Complexes (pR,aR)-15and (pS,aR)-15

Iron complexes (pR,aR)-15 and (pS,aR)-15 were prepared according
to General procedure A, starting from diyne 9 (125mg,
0.225 mmol). (pRaR)-15 and (pS,aR)-15 were isolated through
chromatographic column on silica gel (Et,0/n-hexane 1:1 to 3:2) as
yellow solids.

(pR.aR)-15. Yield: 59 mg (0.082 mmol, 36%). M.p.=112-114°C. R,=
0.34 (SiO,, Et,0/petroleum ether 3:2). 'H-NMR (400 MHz, CD,Cl,) &
[ppm]=8.03-7.97 (m, 2H), 7.94-7.87 (m, 2H), 7.77-7.72 (m, 2H), 7.63
(d, 3=9.1 Hz, 1H), 7.50-7.44 (m, 1H), 7.44-7.31 (m, 4H), 7.31-7.22
(m, 2H), 7.19 (d, >J=8.5Hz, 1H), 7.13 (d, >J=8.5 Hz, 1H), 5.14-5.08
(m, 2H), 4.50 (d, 2J=5.1 Hz, 1H), 4.34 (d, J=5.1 Hz, TH), 3.24 (s, 3H),
2.95-2.78 (m, 2H), 2.78-2.65 (m, 1H), 2.72 (s, 3H), 2.39 (ddd, */=
17.0 Hz, 3J=2J=5.3 Hz, TH), 2.01-1.80 (m, 4H). *C-NMR (100 MHz,
CD,Cl,) & [ppm]=209.8, 171.4, 153.5, 153.1, 153.9, 1347, 1347,
132.3, 131.5, 130.5, 130.3, 130.2, 129.0, 128.7, 128.5, 128.5, 127.4,
127.3, 126.6, 126.4, 126.3, 125.9, 125.7, 124.7, 120.9, 117.4, 105.3,
101.8, 99.9, 95.9, 85.7, 81.2, 56.7, 56.2, 24.0, 23.2, 229, 226. IR
(nujol): # [em™~'1=2059.7 (Fe(CO),), 1984.9 (Fe(CO),), 1639.7 (C=0),
1592.6, 1240.9, 1197.8, 1148.4, 1074.8, 1034.1, 1013.7, 965.6, 925.0,
749.7, 721.5. HRMS (ESI+): m/z 723.1678 [M+H]", 745.1500 [M+
Na]™ (calculated for C,H;sFeO™ =723.1676, C,H;FeOgNa™ =
745.1495).

(pS,aR)-15. Yield: 56 mg (0.077 mmol, 34%). M.p.=105-110°C. R;=
0.21 (SiO,, Et,O/petroleum ether 3:2). 'TH-NMR (400 MHz, CD,Cl,) &
[ppm] =8.05-7.97 (m, 2H), 7.95-7.89 (m, 2H), 7.78-7.72 (m, 2H), 7.67
(d, *J=9.1 Hz, 1H), 7.50-7.45 (m, 1H), 7.45-7.27 (m, 6H), 7.24 (d, *J=
8.5 Hz, 1H), 7.15 (d, >J=8.5 Hz, TH), 5.19 (d, /=7.1 Hz, 1H), 5.10 (d,
2J=7.1Hz, TH), 4.69 (d, 2J=5.1 Hz, 1H), 4.53 (d, 2J=5.1 Hz, 1H), 3.25
(s, 3H), 2.91-2.76 (m, 3H), 2.87 (s, 3H), 2.76-2.65 (m, TH), 2.48-2.36
(m, 1H), 2.00-1.78 (m, 4H). *C-NMR (100 MHz, CD,Cl,) & [ppm]=
209.8, 171.6, 153.8, 152.8, 136.1, 134.6, 134.3, 132.3, 131.6, 130.6,
130.2, 130.2, 129.0, 128.8, 128.7, 128.5, 127.4, 127.2, 126.9, 126.0,
126.0, 125.7, 125.4, 124.6, 120.2, 116.4, 105.5, 101.9, 100.0, 95.2, 85.5
(s, 1Q), 81.2, 57.0, 56.6, 23.8, 23.2, 22.9, 22.6. IR (nujol): ¥ [cm™ "=
2059.5 (Fe(CO);), 1984.9 (Fe(CO);), 1640.5 (C=0), 1592.6, 1258.8,
1241.4, 1197.7, 1148.1, 1062.3, 1032.9, 1012.1, 964.8, 924.2, 749.7,
721.0. HRMS (ESI+): m/z 723.1677 [M-+HI", 745.1500 [M+Na]*
(calculated for C,,H;sFeO, " =723.1676, C,,H;,FeOgNa ™ =745.1495).
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Complexes (pR,aR)-16and (pS,aR)-16

Iron complexes (pR,aR)-16 and (pS,aR)-16 were prepared according
to General procedure A, starting from diyne 10 (112mg,
0.19 mmol). (pR,aR)-16 and (pS,aR)-16 were isolated through
chromatographic column on silica gel (Et,0/n-hexane 2:3 to 3:2) as
yellow solids.

(pR.aR)-16. Yield: 45 mg (0.058 mmol, 319%). M.p.=234-236°C.
[alp= +56.4 (c=0.02 in CH,Cl,). Rr=0.30 (SiO,, EtOAc/petroleum
ether 1:4). "TH-NMR (400 MHz, CD,Cl,) § [ppm]=7.99 (d, *J=9.2 Hz,
2H), 7.93 (s, 1H), 7.89 (d, >)=8.2 Hz, 1H), 7.62 (d, >J=9.0 Hz, 1H),
7.46 (t, 2J=7.4Hz, 1H), 7.37 (t, >J=7.3 Hz, TH), 7.32-7.16 (m, 3H),
7.12 (d, *J=8.5 Hz, 1H), 6.98 (s, 1H), 6.94 (s, 1H), 5.10 (s, 2H), 4.59 (d,
2)=4.8Hz, TH), 4.35 (d, 2J=4.7 Hz, 1H), 3.23 (s, 3H), 3.04-2.91 (m,
1H), 2.62 (s, 3H), 2.47-2.35 (m, 4H), 2.34-2.21 (m, 5H), 2.11 (s, 3H),
2.00-1.73 (m, 4H). *C-NMR (100 MHz, CD,Cl,) & [ppm]=210.2,
171.0, 153.7, 152.6, 138.6, 138.2, 137.2, 136.1, 131.4, 130.4, 130.3,
129.8, 128.7, 128.3, 127.3, 127.1, 126.8, 126.6, 126.5, 126.4, 125.9,
125.7, 124.7, 121.2, 117.5, 105.5, 103.0, 99.8, 96.1, 86.4, 85.6, 56.4,
56.2, 23.3, 23.2, 23.2, 23.1, 22.9, 214, 21.1. IR (nujol): ¥ [cm 1=
2060.8 (Fe(CO),), 2008.4 (Fe(CO),), 1987.5 (Fe(CO);), 1644.0 (C=0),
1240.5, 1151.4, 1084.4, 1035.9, 1014.8, 969.9, 925.6, 721.5. HRMS
(ESI™): m/z 765.2145 [M+H]*t, 787.1967 [M+Na]* (calculated for
C,sHaFeOg " =765.2145, C,5H,,FeOgNa™ =787.1965).

(pS,aR)-16. Yield: 32 mg (0.041 mmol, 22%). M.p.=194-198°C.
[alp= +80.4 (c=0.04 in CH,Cl,). Rr=0.16 (SiO,, EtOAc/petroleum
ether 1:4). "TH-NMR (400 MHz, CD,Cl,) & [ppm]=8.01 (d, *J=9.2 Hz,
1H), 7.98 (d, 3J=8.4 Hz, 1H), 7.93 (s, 1H), 7.91 (d, >J=8.2 Hz, 1H),
7.67 (d, 3J=9.1Hz, 1H), 7.52-7.43 (m, TH), 7.38 (t, >J=7.0 Hz, TH),
7.35-7.26 (m, 3H), 7.21 (d, >J=8.4 Hz, 1H), 6.98 (s, TH), 6.95 (s, TH),
5.16 (d, Y=7.2 Hz, 1H), 5.11 (d, &=7.2 Hz, 1H), 470 (d, *J=4.7 Hz,
1H), 4.51 (d, Y=4.7 Hz, 1H), 3.26 (s, 3H), 2.97-2.84 (m, 1H), 2.63 (s,
3H), 2.54-2.41 (m, 4H), 2.35-2.21 (m, 5H), 2.11 (s, 3H), 2.05-1.84 (m,
2H), 1.84-1.65 (m, 2H). *C-NMR (100 MHz, CD,Cl,) § [ppm]=210.2,
171.2, 154.1, 152.1, 138.5, 138.2, 137.3, 136.1, 134.5, 134.4, 131.5,
130.5, 130.3, 130.1, 129.8, 128.7, 128.6, 127.3, 127.1, 126.8, 126.5,
126.1, 126.0, 125.8, 125.4, 124.4, 120.1, 116.3, 105.9, 102.7, 99.9,
95.2, 86.2, 85.7, 56.7, 56.6, 23.3, 23.3, 23.1, 23.1, 22.9, 21.4, 21.1. IR
(nujol): ¥ [cm~'1=2060.6 (Fe(CO),), 2004.0 (Fe(CO);), 1989.5 (Fe-
(CO),), 1642.6 (C=0), 1241.6, 1148.3, 1032.7, 1012.2, 963.6, 925.6,
721.4. HRMS (ESI+): m/z 765.2144 [M+H]", 787.1966 [M+Na]*
(calculated for C,sHyFeOy " =765.2145, C,sH,gFeOgNa ™ = 787.1965).

Complexes (pS,aR)-17 and (pR,aR)-17

Iron complexes (pS,aR)-17 and (pR,aR)-17 were prepared according
to General procedure A, starting from diyne 11 (95mg,
0.147 mmol). (pS,aR)-17 and (pR,aR)-17 were isolated through
chromatographic column on silica gel (Et,0/n-hexane 35:65) as
yellow solids.

(pS,aR)-17. Yield: 51 mg (0.063 mmol, 43%). M.p.=135-140°C
(dec). [a]lp=0.0 (c=0.14 in CH,CL,). R=0.32 (SiO,, Et,0/n-hexane
2:3). "H-NMR (400 MHz, CD,Cl,) § [ppm]=28.04-7.96 (m, 2H), 7.93-
7.85 (m, 2H), 7.63 (d, >J=9.1 Hz, TH), 7.51-7.43 (m, 1H), 7.40-7.33
(m, 1H), 7.33-7.21 (m, 2H), 7.20-7.10 (m, 2H), 5.17-5.07 (m, 2H), 4.41
(d, >J=5.2 Hz, 1H), 4.37 (d, 2J=5.2 Hz, TH), 3.25 (s, 3H), 2.97-2.87 (m,
1H), 2.84 (s, 3H), 2.72-2.59 (m, TH), 2.50-2.34 (m, 2H), 2.08-1.73 (m,
4H). "C-NMR (100 MHz, CD,Cl,) & [ppm]=208.7, 169.8, 153.5, 153.2,
144.0-140.0 (m), 140.0-136.5 (m), 135.5, 134.8, 134.6, 131.4, 130.6,
130.3, 128.7, 128.5, 127.5, 127.3, 126.6, 126.3, 126.2, 126.0, 125.0,
124.8, 120.6, 117.2, 107.7, 106.6 (m), 101.4, 100.0, 95.8, 86.7, 67.2,
56.9, 56.2, 23.3, 22.9, 22.7, 22.2. F-NMR (377 MHz, CD,Cl,) §
[ppml=—133.78 (br s, 1F), —137.62 (br s, 1F), —153.81 (t, *J=
20.7 Hz), —161.58 (br s, 1F), —162.72 (br s, 1F). IR (nujol): ¥ [cm™']1=
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2060.7 (Fe(CO);), 2010 (Fe(CO);), 1996.3 (Fe(CO);), 1648.2 (C=0),
1525.6, 1241.2, 1150.9, 1077.4, 1034.6, 1012.8, 988.7, 967.3, 721.2.
HRMS (ESI+): m/z 813.1205 [M+H]*, 835.1029 [M+Na]" (calcu-
lated for C,,H;oFsFeOg " =813.1205, C,,H,FsFeOgNa™ =835.1024).

(pR.aR)-17. Yield: 40.6 mg (0.050 mmol, 34%). M.p.=161-163°C
(dec.). [alp=120.4 (c=0.11 in CH,Cl,). R=0.25 (SiO,, Et,0/n-hexane
2:3). 'H-NMR (400 MHz, CD,Cl,) & [ppm] =8.05-7.96 (m, 2H), 7.95-
7.86 (m, 2H), 7.66 (d, 3J=9.1 Hz, 1H), 7.52-7.43 (m, 1H), 7.43-7.36
(m, 1H), 7.36-7.27 (m, 2H), 7.22 (d, *J=8.5Hz, 1H), 7.13 (d, *J=
8.5 Hz, TH), 5.17 (d, 2J=7.1 Hz, 1H), 5.08 (d, ¥/=7.1 Hz, 1H), 4.61 (d,
?J=5.1 Hz, 1H), 450 (d, 2J=5.1 Hz, 1H), 3.23 (s, 3H), 3.00-2.79 (m,
TH), 2.95 (s, 3H), 2.69-2.57 (m, 1H), 2.52-2.32 (m, 2H), 2.05-1.77 (m,
4H). *C-NMR (100 MHz, CD,Cl,) & [ppm]=208.7, 169.9, 153.8, 152.7,
143.6-140.3 (m), 140.3-136.7 (m), 135.8, 134.7, 134.2, 131.5, 130.7,
130.2, 128.8, 128.7, 127.6, 127.2, 126.9, 126.1, 126.0, 125.3, 125.0,
124.6, 120.0, 116.5, 108.0, 106.6 (m), 101.5, 100.1, 95.2, 86.3, 57.2,
56.6, 23.2, 22.9, 22.7, 22.2. F-NMR (377 MHz, CD,Cl,) § [ppm]l=
—133.70 (br s, 1F), —137.61 (br s, 1F), —153.80 (t, >J=21.0 Hz),
—161.53 (br s, 1F), —162.63 (br s, 1F). IR (nujol): ¥ [cm'1=2071.4
(Fe(CO),), 2021.1 (Fe(CO),), 1995.6 (Fe(CO),), 1651.4 (C=0), 15924,
1524.7, 1493.2, 12584, 12415, 1198.7, 1148.1, 1097.2, 1077.8,
1033.6, 1012.8, 989.1, 967.4, 921.6, 811.2, 802.1, 746.7, 721.8, 666.61.
HRMS (ESI+): m/z 813.1204 [M+H]", 835.1028 [M+Nal" (calcu-
lated for C,,H3oFsFeOg " =813.1205, C,,H,FsFeOgNa™ =835.1024).

Complexes (pS,aR)-18 and (pR,aR)-18

Iron complexes (pS,aR)-18 and (pR,aR)-18 were prepared according
to General procedure A, starting from diyne 12 (145 mg,
0.236 mmol). (pS,aR)-18 and (pR,aR)-18 were isolated through
chromatographic column on silica gel (Et,0/n-hexane 4:1 to 100%
Et,0).

(pS,aR)-18. Yield: 61 mg (0.076 mmol, 32%). M.p.=196-199 °C (dec.).
[alo=18.7 (c=0.09 in CH,Cl,). R=0.30 (SiO,, EtOAc/n-hexane 1:1).
'H-NMR (400 MHz, CD,Cl,) & [ppm]=8.02-7.96 (m, 2H), 7.92 (s, TH),
7.88 (d, 3)=8.1Hz, 1H), 7.63 (d, >J=9.1 Hz, 1H), 7.48-7.41 (m, TH),
7.39-7.30 (m, 2H), 7.30-7.21 (m, 2H), 7.21-7.15 (m, 1H), 7.12 (d, *J=
8.2 Hz, 1H), 6.69 (d, >)=8.1 Hz, 1H), 6.61 (d, >J=8.1 Hz, 1H), 5.11 (s,
2H), 4.58 (d, 2)=4.9 Hz, 1H), 439 (d, Y=4.9 Hz, 1H), 3.94 (s, 3H),
3.68 (s, 3H), 3.25 (s, 3H), 2.98-2.84 (m, TH), 2.59 (s, 3H), 2.52-2.42 (m,
1H), 2.37 (ddd, *J=12.1Hz, J=%=58Hz, 1H), 2.27 (ddd, /=
16.6 Hz, 3J=2J=5.2 Hz, 1H), 1.92-1.73 (m, 4H). *C-NMR (100 MHz,
CD,Cl,) & [ppm]=210.4, 171.0, 159.7, 157.7, 153.6, 152.8, 136.1,
134.8, 134.6, 131.5, 130.4, 130.3, 130.3, 128.7, 128.3, 127.2, 127.1,
126.6, 126.5, 126.4, 126.3, 125.7, 124.7, 121.2, 117.5, 107.5, 104.8,
104.7, 104.1, 104.1, 99.7, 95.9, 86.3, 75.6, 56.6, 56.2, 56.2, 55.5, 23.2,
23.0, 22.5. IR (nujol): ¥ [cm™']1=2059.7 (Fe(CO);), 2012.3 (Fe(CO),),
1988.7 (Fe(CO);), 1655.0 (C=0), 1593.0, 1251.0, 1149.4, 1109.2,
1030.5, 1005.5, 721.7. MS (ESI+): m/z=783.1885 [M+H]™, 805.1707
[M-+Nal* (calculated for C,HsFeO,," =783.1887, C,,HiFeO,(Na™
=805.1707).

(pR,aR)-18. Yield: 46 mg (0.058 mmol, 25 %). M.p.=239-241°C (dec.).
[a]lpb=95.9 (c=0.09 in CH,Cl,). R=0.12 (SiO,, EtOAc/n-hexane 1:1).
'H-NMR (400 MHz, CD,Cl,) § [ppm]=8.04-7.96 (m, 2H), 7.93 (s, TH),
7.91 (d, 3)=8.2 Hz, TH), 7.66 (d, >J=9.1 Hz, 1H), 7.50-7.42 (m, TH),
7.42-7.27 (m, 4H), 7.24 (d, >J=8.3 Hz, 1H), 7.19 (d, 3)=8.4 Hz, 1H),
6.70 (d, >J=84Hz, 1H), 6.62 (d, =83 Hz, 1H), 5.17 (d, 2/=7.2 Hz,
1H), 5.09 (d, ¥=7.2 Hz, 1H), 4.68 (d, 2J=4.7 Hz, 1H), 4.58 (d, Y=
4.7 Hz, 1H), 3.95 (s, 3H), 3.70 (s, 3H), 3.25 (s, 3H), 2.86 (ddd, */=
17.4 Hz, 3J=%J=6.3Hz, 1H), 2.79 (s, 3H), 2.54-2.35 (m, 2H), 2.26
(ddd, 3J=17.2 Hz, 3J=%=6.3 Hz, 1H), 1.95-1.74 (m, 4H). *C-NMR
(100 MHz, CD,Cl,) & [ppm]=210.4, 171.1, 159.6, 157.7, 153.9, 152.3,
136.3, 134.4, 1344, 131.6, 130.4, 130.1, 128.7, 128.6, 127.1, 127.1,
126.8, 126.4, 126.0, 125.8, 125.5, 124.4, 120.3, 116.4, 107.4, 105.3,
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104.8, 104.0, 103.9, 99.9, 95.2, 86.0, 75.6, 57.0, 56.6, 56.2, 55.5, 23.1,
23.1, 23.0, 22.6. IR (nujol): ¥ [cm™'1=2060.7 (Fe(CO),), 2000.4
(Fe(CO);), 1991.4 (Fe(CO)5), 1733.1, 1636.0 (C=0), 1253.8, 1244.9,
1162.0, 1150.3, 1106.2, 1058.6, 1031.8, 1012.9, 989.8, 964.9, 932.7,
721.0. HRMS (ESI+): m/z 783.1885 [M+H]*, 805.1708 [M+ Na]*
(calculated  for  C,HyFeO,," =783.1887,  CyHigFeO,(Na™ =
805.1707).

Complexes (pR,aR)-19 and (pS,aR)-19

Iron complexes (pR,aR)-19 and (pS,aR)-19 were prepared according
to General procedure A, starting from diyne 14 (168 mg,
0.360 mmol). The reaction was conducted at 85°C. (pR,aR)-19 and
(pS,aR)-19 were isolated through chromatographic column on silica
gel (EtOAc/n-hexane 7:3 to 4:1) as yellow solids.

(pR,aR)-19. Yield: 59 mg (0.093 mmol, 26%). M.p.=190-193°C
(dec.). [alp=—20.2 (c=0.20 in CH,Cl,). R=0.37 (SiO,, EtOAc/n-
hexane 7:3). 'H-NMR (400 MHz, CD,Cl,) § [ppm]=8.39 (s, TH), 8.03-
7.94 (m, 2H), 7.90 (d, >J=8.1 Hz, 1H), 7.61 (d, >J=9.1 Hz, 1H), 7.44 (t,
3)=7.5Hz 1H), 7.37 (t, )=7.4Hz, 1H), 7.29-7.22 (m, 2H), 7.13 (d,
3)=8.4 Hz, TH), 7.09 (d, >J=8.5 Hz, 1H), 5.10-5.02 (m, 3H), 4.80 (d,
2J=13.4Hz, TH), 4.76 (s, 2H), 4.47 (d, J=4.9 Hz, 1H), 435 (s, TH),
4.23 (d, 2J=4.9 Hz, 1H), 3.21 (s, 3H), 2.59 (s, 3H). *C-NMR (100 MHz,
CD,Cl,) & [ppm]=208.5, 173.1, 153.8, 151.3, 134.9, 134.7, 1346,
134.3 131.3, 130.6, 130.3, 128.9, 128.6, 127.6, 127.3, 126.3, 126.2,
126.1, 124.7, 124.5, 120.6, 117.6, 107.4, 103.9, 99.8, 95.9, 80.1, 69.9,
67.8, 57.4, 57.2, 56.2. HRMS (ESI +): m/z 635.0999 [M +H] ", 657.0823
[M-+Nal* (calculated for C;,H,,FeO," =635.0999, C;,H,cFeO,Na* =
657.0818).

(pS,aR)-19. Yield: 42mg (0.066 mmol, 18%). M.p.=130-132°C
(dec). [0]lp=119.6 (c=0.13 in CH,Cl,). Ri=0.24 (SiO,, EtOAc/n-
hexane 7:3). "H-NMR (400 MHz, CD,Cl,) & [ppm]=8.41 (s, TH), 8.01
(d, 3J=8.7 Hz, 1H), 7.97 (d, >J=8.2 Hz, 1H), 7.90 (d, 3J=8.1 Hz, TH),
7.65 (d, 3J=8.6Hz, 1H), 7.45 (t, >)=7.3 Hz, 1H), 7.38 (t, >J=7.1 Hz,
1H), 7.34-7.21 (m, 3H), 7.13 (d, >J=8.5Hz, 1H), 5.20-5.08 (m, 2H),
4.97 (d, 2)=13.6 Hz, 1H), 4.76 (d, 2J=13.7 Hz, 1H), 4.74 (s, 2H), 4.67
(d, Y=4.9 Hz, 1H), 442 (d, Y=4.9 Hz, 1H), 4.36 (s, 1H), 3.24 (s, 3H),
2.73 (s, 3H). ®C-NMR (100 MHz, CD,Cl,) & [ppm]=208.6, 173.1,
153.7, 151.1 134.9, 134.2, 134.1, 130.8, 130.2, 128.9, 128.6, 127.5,
127.3, 126.4, 126.2, 126.0, 125.2, 124.7, 124.5, 119.8, 116.1, 107.7,
103.9, 100.1, 95.2, 79.9, 69.9, 67.8, 57.5, 57.4, 56.7. HRMS (ESI+): m/z
635.1002 [M+H]*, 657.0824 [M+Na]" (calculated for C;,H,,FeO,"
=635.0999, C;,H,cFeOsNa™ =657.0818).

General procedure for the AH of ketones

The pre-catalyst (0.010 mmol, 0.02 eq) was weighted in a 3 mL glass
vial. A magnetic stirring bar was added, and the vial was charged in
an autoclave. After purging the system with argon, the solvent
(0.35 mL) was added. Me;NO (1.5 mg, 0.020 mmol, 0.04 eq) was
added and the mixture was stirred for 5 minutes under argon. The
ketone (0.500 mmol, 1eq) was then added. The autoclave was
sealed and, after purging 2 times with hydrogen, it was charged
with H, (30 bar). The reaction was heated to 70°C. After 18 h the
reaction was allowed to cool to rt. Hydrogen was removed, and the
reaction mixture was filtered through celite, rinsing with AcOEt/
petroleum ether 1:1. Conversion was evaluated through 'H-NMR
analysis and chiral GC analysis. Enantiomeric excesses were
evaluated through GC analysis with a chiral column or through
chiral HPLC analysis. The absolute configurations of the alcohol
products were determined by comparison with literature data.

Chem. Eur. J. 2023, €202302533 (12 of 13)

1-Phenylethanol (P1)

Conversion and ee's were determined via chiral GC analysis.
Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-cyclodextrin,
0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen;
programmed flow: 42 mL/min; oven temperature: 95°C for 20 min.
tsubstrate = 4.9 Min; t,=8.8 min; t;=11.0 min.*

1-Phenylpropan-1-ol (P2)

Conversions and ee's were determined via chiral GC analysis.
Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-cyclodextrin,
0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen
programmed flow: 42 mL/min; oven temperature: 95 °C for 20 min.
toubstrate = 7.8 MiN; t,=11.5 min; t;=12.6 min.”®

1-(Naphthalen-2-yl)ethan-1-ol (P3)

Conversions and ee’'s were determined via chiral GC analysis.
Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-cyclodextrin,
0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen;
programmed flow: 42 mL/min; oven temperature: 150 °C for 20 min.
toubstate = 8.3 MiN; t,=12.4 min; t;=13.3 min.?®

1-(4-(Trifluoromethyl)phenyl)ethan-1-ol (P4)

Conversions and ee’s were determined via chiral GC analysis.
Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-cyclodextrin,
0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen;
programmed flow: 42 mL/min; oven temperature: 90°C; 1°C/min
gradient; 100°C; 0.5°C/min gradient; 110°C for 5 min. tyugre=
8.4 min; t;=19.0 min; t;=20.6 min.”®

1-(4-Methoxyphenyl)ethan-1-ol (P5)

Conversions and ee's were determined via chiral GC analysis.
Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-cyclodextrin,
0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen;
programmed flow: 42 mL/min; oven temperature: 110 °C for 10 min;
30°C/min gradient; 120 °C for 10 min; 30°C/min gradient; 130°C for
10 min. t,yparae = 16.6 Min; t;=16.3 min; t;=18.7 min.*®

2,2,2-Trifluoro-1-phenylethan-1-ol (P6)

Conversions and ee’s were determined via chiral GC analysis.
Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-cyclodextrin,
0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen;
programmed flow: 42 mL/min; oven temperature: 100 °C for 20 min.
tsubstate = 1.8 Min; t;=7.8 min; t;=8.5 min."”

1,2,3,4-Tetrahydronaphtalen-2-ol (P7)

Conversions and ee's were determined via chiral GC analysis.
Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-cyclodextrin,
0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen;
programmed flow: 42 mL/min; oven temperature: 120 °C for 40 min.
te=17.7 min; t;=18.1 mMin; typeare =44 Min.2o

3,3-Dimethylbutan-2-ol (P8)

Conversion was determined via 'H-NMR analysis. ee's were
determined via chiral GC analysis. MEGA-DEX DAC Beta, diacetyl-
tert-butylsilyl-B-cyclodextrin, 0.25 mm; diameter: 0.25 mm; length:

© 2023 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH
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Winning plane: chiral
(cyclopentadienone)iron complexes
(CICs) featuring a combination of an
(R)-BINOL-derived stereoaxis and a
stereogenic plane were synthesized in
diastereoisomerically pure form, char-
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acterized and tested in the asymmet-
ric hydrogenation of ketones. The
new CICs showed good catalytic
activity and, remarkably, the stereo-
plane epimers displayed similar and
opposite stereochemical preference.
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1. General information

All reactions were carried out in anhydrous solvents in flame-dried glassware with magnetic stirring under nitrogen or argon
atmosphere, unless otherwise stated. Solvents were purchased from commercial suppliers (Sigma Aldrich: THF, DMF, toluene,
1,4-dioxane; Carlo Erba: DCM, THF, toluene) and stored under argon over molecular sieves. Commercially available reagents
were purchased from commercial suppliers (TCl Chemicals, Fluorochem, Sigma Aldrich) and were used as received. Known
compounds 2, 3P and 58! were prepared following modified literature procedures. The reactions were monitored by analytical
thin-layer chromatography (TLC) using silica gel 60 F254 pre-coated glass or aluminum plates (0.25 mm thickness). Visualization
was accomplished by irradiation with a UV lamp and/or by treatment with staining agents (potassium permanganate alkaline
solution, vanillin/H,SO4 ethanolic solution, or phosphomolybdic acid ethanolic solution). Purifications through flash column
chromatography were performed using silica gel (60 A, particle size 40-64 um) as stationary phase, following the procedure by
Still and co-workers.™! 'H-NMR spectra were recorded on a Bruker spectrometer operating at 400 MHz. Proton chemical shifts
are reported in ppm (8) using solvent signal is used as reference (CDCl3 6 = 7.26 ppm; CD,Cl, d = 5.32 ppm; (CD3).CO & = 2.05
ppm). The following abbreviations are used to describe spin multiplicity: s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet, br s = broad signal, dd = doublet-doublet, td = triplet-doublet, ddd = doublet-doublet-doublet. Coupling constant values
are reported in Hz. ®C-NMR spectra were recorded on a Bruker spectrometer operating at 100 MHz, with complete proton
decoupling. Carbon chemical shifts are reported in ppm (8) using solvent signal as reference (CDCl; & = 77.16 ppm; CD,Cl, 6 =
54.00 ppm; (CD3),CO & = 29.84 ppm, 206.26 ppm). Infrared spectra were recorded on standard FT/IR spectrometers. Wave
numbers were reported in cm™. Optical rotation values were measured on an automatic polarimeter with a 1 dm cell at the sodium
D line (A = 589 nm). High resolution mass spectra (HRMS) were recorded on a ESI QTof SYNAPT G2 Si mass spectrometer
(Waters), available at the UNITECH-COSPECT laboratories (Universita degli Studi di Milano). Melting points were determined on
a Buchi B-540 instrument.

2. Experimental Procedures

2.1. Synthesis of intermediate 2

(R)-BINOL (1.00 g, 3.49 mmol, 1 eq) was dissolved in dry THF (18 mL). NaH (209 mg, 8.73 mmol, 2.5 eq) was added in one
portion at 0 °C. The mixture was allowed to warm up to room temperature, and it was stirred for 1 hour. Chloromethyl methyl ether
(610 pL, 647 mg, 8.03 mmol, 2.3 eq) was added at 0 °C, and the reaction was left under stirring at room temperature for 16
additional hours. The product was purified through precipitation from iPr,O. Compound 2 was isolated as a white crystalline solid.
Yield: 880 mg (2.35 mmol, 67%).

Characterization data are in agreement with the literature.[

Rr = 0.53 (SiO2, EtOAc/petroleum ether 1:4)

"H-NMR (400 MHz, CDCl3) & [ppm] = 7.99 (d, °J = 9.0 Hz, 2H), 7.91 (d, °J = 8.2 Hz, 2H), 7.61 (d, 3J = 9.0 Hz, 2H), 7.41-7.34 (m,
2H), 7.29-7.24 (m, 2H), 7.19 (d, °J = 8.4 Hz, 2H), 5.12 (d, 2J = 6.8 Hz, 2H), 5.01 (d, 2J = 6.8 Hz, 2H), 3.18 (s, 6H).

2.2. Synthesis of intermediate 3

Intermediate 2 (500 mg, 1.34 mmol, 1 eq) was dissolved in dry THF (19 mL) under nitrogen atmosphere. The solution was cooled
to -78 °C. n-BuLi (1.6 M in hexane, 1 mL, 1.60 mmol, 1.2 eq) was added dropwise. The mixture was left under stirring at -78 °C
for 5 hours. A solution of iodine (407 mg, 1.60 mmol, 1.2 eq) in THF (2 mL) was added dropwise and the reaction was left at -
78 °C for one more hour. The reaction was allowed to slowly warm up to room temperature and it was left under stirring for 16
hours. The reaction was quenched with a 5% aqueous solution of Na;SO3 (7 mL). After 2 more hours, THF was removed under
reduced pressure and the residue was extracted with EtOAc (2 x 15 mL). The organic layers were dried over Na,SO,. The product
was purified through chromatographic column (EtOAc/petroleum ether 1:10, then 1:9). Compound 3 was isolated as a white
crystalline solid.

Yield: 391 mg (0.78 mmol, 59%).

Characterization data are in agreement with the literature.??!

R: = 0.47 (SiO,, EtOAc/petroleum ether 1:9)

"H-NMR (400 MHz, CDCl3) & [ppm] = 8.52 (s, 1H), 7.97 (d, 3J = 9.1 Hz, 1H), 7.86 (d, 3J = 8.1 Hz, 1H), 7.78 (d, 3J = 8.2 Hz, 1H),
7.58 (d, 3J = 8.2 Hz, 1H), 7.41-7.34 (m, 2H), 7.29-7.23 (m, 2H), 7.20-7.13 (m, 2H), 5.14 (d, 2J = 6.9 Hz, 1H), 5.04 (d, 2J = 6.9 Hz,
1H), 4.73 (d, 2J = 5.2 Hz, 1H), 4.49 (d, 2J = 5.2 Hz, 1H), 3.20 (s, 3H), 2.72 (s, 3H).

2.3. Synthesis of intermediate 5

lodobenzene (200 pL, 365 mg, 1.79 mmol, 1 eq) and 1,7-octadiyne (474 uL, 380 mg, 3.57 mmol, 2 eq) were dissolved in dry THF
(24 mL) under nitrogen atmosphere. Freshly degassed iPrNH, (751 pL, 5.36 mmol, 3 eq) was added and the solution was purged
with a flow of nitrogen. Pd(PPhs)s (103 mg, 0.089 mmol, 0.05 eq) and Cul (34 mg, 0.179 mmol, 0.1 eq) were added and the
mixture was left under stirring at room temperature for 4 hours. The reaction was quenched with a saturated aqueous solution of
NH4CI (5 mL). THF was removed under reduced pressure. The residue was extracted with DCM (2 x 10 mL). The collected organic
layers were washed with water (10 mL), brine, dried over Na,SO., filtered, and concentrated under reduced pressure. The product
was purified through chromatographic column (DCM/petroleum ether 1:10 to 1:9). Compound 5 was isolated as a colorless oil.
Yield: 130 mg (0.72 mmol, 40%).



Characterization data are in agreement with the literature.!

Rr = 0.42 (SiO2, DCM/petroleum ether 1:9)

H-NMR (400 MHz, CDCls) & [ppm] = 7.47-7.35 (m, 2H), 7.35-7.20 (m, 3H), 2.52-2.38 (m, 2H), 2.32-2.22 (m, 2H), 1.99-1.93 (m,
1H), 1.80-1.67 (m, 4H).

2.4, Synthesis of diyne 4

lodide 3 (807 mg, 1.61 mmol, 1 eq) was dissolved in a 1:1 mixture of EtsN (6.5 mL) and MeCN (6.5 mL). The solution was
degassed with a stream of argon, then 1,7-octadiyne (107 pL, 86 mg, 0.81 mmol, 1 eq), Cul (15 mg, 0.08 mmol, 0.1 eq), and
Pd(PPhs)s (94 mg, 0.08 mmol, 0.1 eq) were added. The mixture was heated to 80 °C for 2 hours. The reaction was allowed to
cool down to rt, and volatiles were removed in vacuo. The residue was purified through chromatographic column on silica gel
(EtOAc/petroleum ether 1:9). 4 was isolated as a white crystalline solid. Yield: 556 mg (0.65 mmol, 81%). Rr = 0.42 (SiOy,
EtOAc/petroleum ether 1:4). M.p. = 147-149 °C. "H-NMR (400 MHz, CDCI3) & [ppm] = 8.08 (s, 2H), 7.94 (d, 3J= 9.0 Hz, 2H), 7.85
(d,%J=8.1Hz, 2H), 7.78 (d, 3J = 8.2 Hz, 2H), 7.56 (d, 3J = 9.0 Hz, 2H), 7.38-7.32 (m, 4H), 7.26-7.13 (m, 8H), 5.13 (d, 2J = 6.8 Hz,
2H), 4.97 (d, 2J = 6.2 Hz, 4H), 4.87 (d, 2J = 5.7 Hz, 2H), 3.14 (s, 6H), 2.61-2.54 (s, 10H), 1.89-1.84 (m, 4H). '"H-NMR (400 MHz,
CDCls) & [ppm] = 153.1, 152.9, 134.2, 133.9, 133.5, 130.6, 129.8, 129.8, 127.8, 127.6, 126.8, 126.6, 126.2, 126.1, 125.9, 125.4,
124.2, 120.8, 118.2, 116.8, 98.7, 95.2, 94.1, 78.2, 56.2, 56.0, 28.0, 19.5. IR (nujol): v [cm™] = 1616.4, 1592.0, 1507.2, 1259.2,
1242.6, 1152.0, 1073.4, 1034.3, 1013.0, 983.7, 922.6, 896.7, 809.3, 763.5. HRMS (ESI+): m/z = 873.3391 [M+Na]* (calculated
for CseHs0OsNa* = 873.3398).

2.5. Procedure for the synthesis of (cyclopentadienone)iron tricarbonyl complexes 1a, 15, 16, 17, 18

(General procedure A).

Diiron nonacarbonyl (2 eq) and the diyne precursor (1 eq) were charged in a flame-dried Schlenk under inert atmosphere. Toluene
(Codiyne) = 0.1 M) was added and the mixture was heated to 110 °C for 18 h. The reaction was allowed to cool to room temperature
and filtered through celite, rinsing with DCM. The corresponding products were purified through chromatographic column on silica

gel.

2.5.1. Complex 1a

Complex 1a was prepared according to general procedure A starting from diyne 4 (610 mg, 0.72 mmol). The product was purified
through chromatographic column on silica gel (EtOAc/petroleum ether 1:4 to 3:7). 1a was isolated as a yellow crystalline solid.
Yield: 466 mg (0.46 mmol, 64%). R = 0.39 (SiO,, EtOAc/petroleum ether 3:7). M.p. = 245-250 °C (dec.). '"H-NMR (400 MHz,
CDCI3) & [ppm] = 8.08-7.90 (m, 6H), 7.85 (t, 3J = 9.1 Hz, 2H), 7.62 (d, 3J = 9.1 Hz, 1H), 7.57 (d, 3J = 9.0 Hz, 1H), 7.49-7.41 (m,
2H), 7.40-7.19 (m, 10H), 7.17 (d, 3J = 8.4 Hz, 1H), 5.14-4.97 (m, 4H), 4.69 (d, 2J = 4.8 Hz, 1H), 4.63 (d, 2J = 5.0 Hz, 1H), 4.54 (d,
2J=4.8 Hz, 1H), 4.40 (d, 2J = 4.2 Hz, 1H), 3.23 (s, 3H), 3.19 (s, 3H), 3.03-2.81 (m, 2H), 2.53-2.33 (m, 5H), 2.28 (s, 3H), 1.98-1.80
(m, 4H). "H-NMR (400 MHz, CDCl3) & [ppm] = 209.2, 171.6, 153.6, 153.0, 152.3, 152.1, 136.2, 136.1, 134.4, 134.3, 134.2, 134.0,
131.2, 131.1, 129.9, 129.8, 129.8, 129.5, 128.4, 128.1, 127.7, 126.9, 126.7, 126.6, 126.6, 126.5, 126.3, 126.2, 126.1, 125.8,
125.4,125.4, 125.2, 125.0, 124.9, 124.3, 123.9, 121.1, 120.0, 117.1, 115.9, 106.0, 105.2, 99.4, 99.4, 95.5, 94.6, 84.0, 83.8, 56.2,
56.1, 55.8,22.5, 22.4, 22.3, 22.1. IR (nujol): v [cm™"] = 2060 (Fe(CO)s), 2013 (Fe(CO)s), 1978 (Fe(CO)s), 1731, 1639 (C=0), 1591,
1305.8, 1239.3, 1196.1, 1147.8, 1084.7, 1039.5, 1008.0, 924.1, 901.0, 811.4, 744.2, 722.0. HRMS (ESI+): m/z 1019.2739 [M+H]*
(calculated for CgoHs1FeO12* = 1019.2724).

2.5.2. Synthesis of complex 1b

Complex 1a (156 mg, 0.15 mmol, 1 eq) was dissolved in THF (1.2 mL). Concentrated aqueous HCI (0.9 mL) was added, and the
mixture was heated to 40 °C for 3 hours. The solution was diluted with water (5 mL) and extracted with Et,O (2 x 5 mL). The
organic phase was dried over Na,SO, filtered, and concentrated in vacuo. The product was purified through chromatographic
column on silica gel (EtOAc/petroleum ether 3:7). 1b was isolated as a yellow solid. Yield: 100 mg (0.12 mmol, 77%). R = 0.36
(SiO,, EtOAc/petroleum ether 2:3). M.p. = 311-313 °C (dec.). [a]o = +253.2 (¢ = 0.13 in CH,Cl,). '"H-NMR (400 MHz, (CD3),CO) &
[ppm] = 9.72 (s, 1H), 9.41 (s, 1H), 8.30 (d, 3J = 10.9 Hz, 2H), 8.01-7.82 (m, 8H), 7.42-7.15 (m, 10H), 7.15-7.01 (m, 4H), 3.24-3.09
(m, 1H), 3.04-2.90 (m, 3H), 2.17-1.88 (m, 4H). "*C-NMR (100 MHz, (CD3).CO) & [ppm] = 209.9, 166.9, 154.7, 154.3, 154.3, 153.7,
135.7, 135.7, 135.7, 135.6, 133.5, 132.6, 130.8, 130.5, 130.2, 130.1, 129.5, 129.5, 129.3, 129.1, 129.0, 127.9, 127.8, 127.3,
127.1,125.7, 125.6, 125.5, 124.5, 124.5, 123.8, 123.7, 122.2, 121.6, 119.7, 119.6, 118.4, 117.9, 116.1, 115.5, 104.9, 102.4, 85.4,
83.9, 25.3, 24.2, 23.2, 23.1. IR (nujol): v [cm'] = 2853, 2074 (Fe(CO)s3), 2019 (Fe(CO)s3), 1620 (C=0), 1596, 1512, 1500, 1345,
1210, 1148, 817, 749, 722. MS (ESI+): m/z = 843.00 [M+H]*, 864.95 [M+Na]* (calculated for Cs;HssFeOs* = 843.17,
CsoHasFeOgNa* = 865.15). HRMS (ESI-): m/z = 841.1522 [M-H] (calculated for Cs;Hs3FeOg™ = 841.1530).

2.5.3. Synthesis of complex 1c

Complex 1b (30 mg, 0.036 mmol, 1 eq) was dissolved in dry THF (0.7 mL). 4-dimethylaminopyridine (0.9 mg, 0.007 mmol, 0.2
eq), triethylamine (40 uL, 29 mg, 0.29 mmol, 8 eq), and acetyl chloride (15 pL, 17 mg, 0.21 mmol, 6 eq) were added. The mixture
was stirred at room temperature for 4 hours. The reaction was quenched with water (5 mL) and extracted with Et,O (2 x 5 mL).
The organic phase was washed with a 0.5 M HCI solution (5 mL), water (5 mL), and brine, then dried over Na,SOQy, filtered, and
concentrated in vacuo. The product was purified through chromatographic column on silica gel (EtOAc/petroleum ether 3:7). 1¢c
was isolated as a pale-yellow solid. Yield: 24.8 mg (0.024 mmol, 68%). Rs = 0.29 (SiO,, EtOAc/petroleum ether 3:7). M.p. = 180 °C
(dec.). [alp = +25.4 (¢ = 0.05 in CH,Cl,). "TH-NMR (400 MHz, (CD3),CO) & [ppm] = 8.24 (s, 1H), 8.22-8.13 (m, 3H), 8.13-8.04 (m,
2H), 8.04-7.95 (m, 2H), 7.62-7.42 (m, 6H), 7.40-7.26 (m, 2H), 7.26-7.18 (m, 2H), 7.09 (d, 3J = 8.4Hz, 1H), 7.03 (d, 3J = 8.4 Hz,



1H), 3.04-2.88 (m, 1H), 2.69-2.43 (m, 3H), 2.02-1.73 (m, 4H), 1.94 (s, 3H), 1.90 (s, 3H), 1.66 (s, 3H), 1.60 (s, 3H). *C-NMR (100
MHz, (CD3),CO) & [ppm] = 210.4, 171.2, 170.1, 169.5, 169.3, 168.3, 148.1, 148.0, 147.8, 147.5, 136.7, 136.0, 134.4, 134.2, 134.1,
132.7, 132.6, 132.6, 132.5, 130.7, 130.4, 129.4, 129.3, 129.1, 129.0, 128.2, 128.2, 127.8, 127.8, 127.6, 127.3, 127.3, 127.2,
126.9, 126.7, 126.6, 126.2, 125.5, 125.4, 124.2, 123.7, 123.7, 123.2, 105.2, 103.7, 84.3, 83.4, 24.0, 23.2, 23.2, 22.8, 21.1, 20.9,
20.8, 20.6. IR (nujol): ¥ [cm™'] = 2064 (Fe(CO)s), 2007 (Fe(CO)s), 1987 (Fe(CO)s), 1762, 1654 (C=0), 1194.

2.5.4. Synthesis of complex 1d

Complex 1b (39 mg, 0.046 mmol, 1 eq) was dissolved in dry THF (1.2 mL). 4-dimethylaminopyridine (1.1 mg, 0.009 mmol, 0.2
eq), triethylamine (52 uL, 38 mg, 0.37 mmol, 8 eq), and benzoyl chloride (32 pL, 39 mg, 0.28 mmol, 6 eq) were added. The mixture
was stirred at room temperature for 4 hours. The reaction was quenched with water (5 mL) and extracted with Et,O (2 x 5 mL).
The organic phase was washed with a 0.5 M HCI solution (5 mL), water (5 mL), and brine, then dried over Na,;SOQy, filtered, and
concentrated under reduced pressure. The product was purified through chromatographic column on silica gel (EtOAc/petroleum
ether 1:3). 1d was isolated as a yellow solid. Yield: 24.8 mg (0.024 mmol, 68%). Rr = 0.51 (SiO2, EtOAc/petroleum ether 3:7). M.p.
= 176-182 °C (dec.). [a]p = -32.8 (¢ = 0.21 in CH,Cl,). "H-NMR (400 MHz, CDCl,) 8 [ppm] = 8.02-7.69 (m, 12H), 7.54-7.21 (m,
26H), 7.08 (dd, 3J = 7.6 Hz, 2H), 6.99 (dd, 3J = 7.1 Hz, 2H), 2.48 (ddd, 3J = 17.1 Hz, 3J = 2J = 6.6 Hz, 1H), 2.39-2.25 (m, 2H), 2.03-
1.89 (m, 1H), 1.75-1.60 (m, 1H), 1.54-1.39 (m, 2H), 1.39-1.29 (m, 1H). "®C-NMR (100 MHz, (CD.Cl,) & [ppm] = 209.3, 169.7,
165.4, 165.3, 165.1, 164.3, 147.7, 147.6, 147.1, 135.8 (br s), 134.6 (br s), 133.9, 133.8, 133.8, 133.7, 133.6, 133.6, 133.5, 132.1,
132.0, 131.8, 130.8, 130.4, 130.3, 130.1, 130.1, 130.1, 129.9, 129.6, 129.4, 129.3, 129.1, 129.0, 128.9, 128.8, 128.7, 128.6,
128.5, 128.5, 128.4, 128.3, 127.8, 127.7, 127.3, 127.2, 127.0, 126.7, 126.6, 126.4, 126.2, 126.1, 125.8, 125.8, 124.9, 124.5,
124.1, 124.0, 122.2, 122.1, 83.5, 83.2, 23.7, 22.8, 22.6, 22.0. IR (nujol): v [cm™] = 2066 (Fe(CO)s), 2011 (Fe(CO)s), 1991
(Fe(CO)s), 1738, 1654 (C=0), 1600, 1263, 1212, 1177, 1079, 1063, 1022, 707. HRMS (ESI+): m/z = 1259.2717 [M+H]", m/z =
1281.2535 [M+Na]* (calculated for CgoHs1FeO1," = 1259.2724, CgoHsoFeO12Na* = 1281.2544).

2.6. Procedure for the synthesis of diynes 6, 7, 8 (General procedure B).

1,7-octadiyne (3 eq) and the aryl iodide substrate (1 eq) were dissolved in dry 1,4-dioxane (Co,iodize) = 0.075 M). Cs,CO5 (4 eq)
was added, and the suspension was degassed with an argon stream. SPhos (0.1 eq), and Pd(OAc), (0.05 eq) were added. The
reaction mixture was heated to 100 °C for 4 hours. The reaction was allowed to cool to room temperature, and filtered through
celite, rinsing with DCM. The corresponding products were purified through chromatographic column on silica gel.

2.6.1. Diyne 6

Diyne 6 was prepared according to general procedure B starting from iodomesitylene (150 mg, 0.61 mmol). The product was
purified through chromatographic column (DCM/petroleum ether 1:9). 6 was isolated as a yellowish oil. Yield: 89 mg (0.397 mmol,
65%). Ry = 0.53 (SiO2, DCM/petroleum ether 1:9). 'H-NMR (400 MHz, CDCl3) & [ppm] = 6.84 (s, 2H), 2.57-2.50 (m, 2H), 2.37 (s,
6H), 2.31-2.22 (m, 2H), 2.25 (s, 3H), 1.96 (t, *J = 2.6 Hz, 1H), 1.79-1.72 (m, 4H). 3C-NMR (100 MHz, CDCl3) & [ppm] = 140.0,
136.9, 127.6, 120.8, 97.3, 84.3, 78.7, 68.6, 28.1, 27.7, 21.4, 21.2, 19.3, 18.1. HRMS (ESI+): m/z = 224.1573 [M+H]* (calculated
for C47H2¢* = 224.1565).

2.6.2. Diyne 7

Diyne 7 was prepared according to general procedure B starting from iodopentafluorobenzene (133 uL, 294 mg, 1.00 mmol). The
product was purified through chromatographic column (DCM/petroleum ether 1:15). 7 was isolated as a colorless liquid. Yield:
128 mg (0.47 mmol, 47%). R; = 0.48 (SiO,, DCM/petroleum ether 1:15). "H-NMR (400 MHz, CDCl3) & [ppm] = 2.54 (t, °J = 6.6 Hz,
2H), 2.26 (td, 3J = 6.5 Hz, *J = 2.3 Hz, 2H), 1.97 (t, “*J = 2.4 Hz, 1H), 1.86-1.62 (m, 4H). "*C-NMR (100 MHz, CDCl3) & [ppm] =
149.1-146.1, 142.7-139.5, 139.2-136.2, 103.6-103.3, 101.0-100.0, 84.0, 68.8, 65.4-65.0, 27.5, 27.2, 19.5, 18.1. "*F-NMR (377
MHz, CDCls) & [ppm] = -136.99--137.26 (m, 2F), -154.20 (t, 3J = 20.8 Hz, 1F), -162.33--162.51 (m, 2F). IR (neat): v [cm™] = 2949 4,
2868.0, 2666.2, 2438.1, 2247.9,2119.2, 1737.3, 1649.4, 1626.7, 1518.6, 1496.9, 1459.7, 1430.5, 1374.2, 1320.7, 1273.9, 1176.6,
1148.5, 1048.7, 989.4, 923.1, 838.3, 816.9, 793.2.

2.6.3. Diyne 8

Diyne 8 was prepared according to general procedure B starting from 2-iodo-1,3-dimethoxybenzene (200 mg, 0.757 mmol). The
product was purified through chromatographic column (DCM/petroleum ether 1:4 to 2:3). 8 was isolated as a yellowish oil. Yield:
101 mg (0.417 mmol, 55%). Rs = 0.15 (SiO,, DCM/petroleum ether 1:4). "H-NMR (400 MHz, CDCl3) & [ppm] = 7.17 (t, 3J = 8.4 Hz,
1H), 6.51 (d, 3J = 8.4 Hz, 2H), 3.87 (s, 6H), 2.60-2.54 (m, 2H), 2.33-2.21 (m, 2H), 1.95 (t, *J = 2.6 Hz, 1H), 1.86-1.69 (m, 4H). '*C-
NMR (100 MHz, CDCl3) & [ppm] = 161.6, 128.9, 103.6, 98.6, 84.6, 73.1, 68.4, 56.2, 27.9, 27.7, 19.8, 18.2. IR (neat): v [cm™] =
3286.4, 3003.1, 2933.3, 2837.8, 2538.8, 2229.8, 2188.7, 2115.2, 1927.2, 1713.6, 15683.5, 1473.9, 1432.2, 1329.1, 1300.8, 1252.7,
1173.5, 1110.6, 1033.3, 958.4, 902.2, 776.9, 725.8. HRMS (ESI+): m/z = 243.1358 [M+H]*, 265.1205 [M+Na]* (calculated for
C16H1902+ = 243.1358, C16H1302Na+ = 2651204)

2.7. Procedure for the coupling of iodide 3 with diynes 5, 6, 7, 8 (General procedure C).

lodide 3 (1 eq) and the mono-substituted diyne substrate (1 eq) were dissolved in a 1:1 mixture of MeCN and triethylamine (Co(3):
0.1 M). The solution was degassed with a stream of argon. Cul (0.1 eq) and Pd(PPh3)s (0.05 eq) were added, and the reaction
was heated to 80 °C for 2 hours. Volatiles were removed and the crude was suspended in a saturated solution of NH4CIl. The



residue was extracted with DCM. The collected organic layers were washed with brine, dried over Na,SO,, filtered, and
concentrated in vacuo. The corresponding products were purified through chromatographic column on silica gel.

2.7.1. Diyne 9

Diyne 9 was prepared according to general procedure C starting from mono-substituted diyne 5 (55 mg, 0.30 mmol). 9 was isolated
through chromatographic column on silica gel (EtOAc/petroleum ether 1:9 to 1:4) as a thick yellow oil. Yield: 125 mg (0.23 mmol,
75%). Ry = 0.61 (SiO2, EtOAc/petroleum ether 1:4). "H-NMR (400 MHz, CDCl3) & [ppm] = 8.09 (s, 1H), 7.95 (d, 3J = 9.0 Hz, 1H),
7.85 (d, 3J = 8.2 Hz, 1H), 7.81 (d, 3J = 8.2 Hz, 1H), 7.57 (d, 3J = 9.0 Hz, 1H), 7.43-7.31 (m, 4H), 7.31-7.23 (m, 4H), 7.23-7.13 (m,
3H), 5.14 (d, 2J = 6.9 Hz, 1H), 4.99 (d, 2J = 7.0 Hz, 1H), 4.99 (d, 2J = 5.7 Hz, 1H), 4.88 (d, 2J = 5.7 Hz, 1H), 3.16 (s, 3H), 2.57 (s,
3H), 2.62-2.53 (m, 2H), 2.53-2.46 (m, 2H), 1.94-1.75 (m, 4H). "*C-NMR (100 MHz, CDCl;) & [ppm] = 153.1, 152.9, 134.2, 133.9,
133.5, 131.7, 130.6, 129.8, 129.8, 128.3, 127.8, 127.7, 127.6, 126.8, 126.6, 126.2, 126.1, 126.0, 125.4, 124.2, 124.1, 120.8,
118.2,116.9,98.7,95.2,94.2, 89.9, 81.2, 78.2, 56.2, 56.0, 28.1, 28.0, 19.5, 19.2. HRMS (ESI+): m/z 577.2355 [M+Na]* (calculated
for CagH3sNaO,*: 577.2355).

2.7.2. Diyne 10

Diyne 10 was prepared according to general procedure C starting from mono-substituted diyne 6 (80 mg, 0.36 mmol). 87 was
isolated through chromatographic column on silica gel (EtOAc/petroleum ether 1:9) as a yellow oil. Yield: 139 mg (0.233 mmol,
65%). Ry = 0.71 (SiO2, EtOAc/petroleum ether 1:4). "TH-NMR (400 MHz, CDCls3) & [ppm] = 8.07 (s, 1H), 7.94 (d, 3J = 9.1 Hz, 1H),
7.85 (d, 3J = 8.1 Hz, 1H), 7.80 (d, 3J = 8.1 Hz, 1H), 7.57 (d, 3J = 9.0 Hz, 1H), 7.41-7.31 (m, 2H), 7.30-7.12 (m, 4H), 6.83 (s, 2H),
5.14 (d, 2J = 6.9 Hz, 1H), 5.02-4.93 (m, 2H), 4.87 (d, 2J = 5.7 Hz, 1H), 3.15 (s, 3H), 2.63-2.50 (m, 7H), 2.37 (s, 6H), 2.25 (s, 3H),
1.93-1.77 (m, 4H). "*C-NMR (100 MHz, CDCI3) & [ppm] = 153.1, 152.9, 140.0, 136.9, 134.2, 133.9, 133.5, 130.6, 129.8, 129.8,
127.8, 127.6, 127.6, 126.2, 126.1, 126.0, 125.4, 124.2, 120.9, 120.8, 118.3, 116.9, 98.7, 97.4, 95.2, 94.3, 78.8, 78.1, 56.2, 56.0,
28.4,28.0,21.4, 21.2, 19.5, 19.4. HRMS (ESI+): m/z = 619.2817 [M+Na]* (calculated for C41H40O4Na*: 619.2819).

2.7.3. Diyne 11

Diyne 11 was prepared according to general procedure C starting from mono-substituted diyne 7 (56 mg, 0.21 mmol). was isolated
through chromatographic column on silica gel (EtOAc/n-hexane 1:9) as a yellow oil. Yield: 102 mg (0.16 mmol, 77%). R = 0.26
(SiO,, EtOAc/petroleum ether 1:9). 'H-NMR (400 MHz, CDCl3) & [ppm] = 8.08 (s, 1H), 7.94 (d, 3J = 9.0 Hz, 1H), 7.85 (d, 3J = 8.1
Hz, 1H), 7.81 (d, 3J = 8.2 Hz, 1H), 7.57 (d, 3J = 9.0 Hz, 1H), 7.42-7.30 (m, 2H), 7.30-7.11 (m, 4H), 5.14 (d, 2J = 6.9 Hz, 1H), 5.03-
4.93 (m, 2H), 4.86 (d, 2J = 5.7 Hz, 1H), 3.15 (s, 3H), 2.65-2.50 (m, 4H), 2.57 (s, 3H), 1.94-1.74 (m, 4H). 3C-NMR (100 MHz,
CDCl3) d [ppm] = 153.1, 152.9, 149.0-146.2, 142.7-139.5, 139.2-136.2, 134.2, 133.9, 133.5, 130.6, 129.8, 129.8, 127.9, 127.6,
126.8, 126.6, 126.2, 126.1, 125.9, 125.4, 124.2, 120.8, 118.1, 116.9, 103.6-103.4, 100.9-100.4, 98.7, 95.2, 93.8, 78.3, 65.4-65.2,
56.2, 56.0, 27.8, 27.5, 19.5, 19.4. "F-NMR (377 MHz, CDCl3) & [ppm] = -136.95--137.13 (m, 2F), -154.18 (t, 3J = 20.8 Hz, 1F), -
162.27--162.51 (m, 2F). IR (neat): v [cm’'] = 1612.8, 1594.0, 1334.7, 1260.8, 1241.9, 1214.8, 1155.7, 1069.8, 1033.8, 1014.3,
976.5, 923.1, 809.1, 761.2, 691.1. HRMS (ESI+): m/z = 667.1884 [M+Na]" (calculated for C3sH290sNaFs* = 667.1884).

2.7.4. Diyne 12

Diyne 12 was prepared according to general procedure C starting from mono-substituted diyne 8 (77 mg, 0.32 mmol). 89 was
isolated through chromatographic column on silica gel (EtOAc/petroleum ether 1:4 to 3:7) as a yellow solid. Yield: 152 mg (0.247
mmol, 78%). Rr = 0.39 (SiO,, EtOAc/petroleum ether 1:4). "H-NMR (400 MHz, CDCl3) & [ppm] = 8.07 (s, 1H), 7.94 (d, 3J = 9.1 Hz,
1H), 7.85 (d, 3J = 8.1 Hz, 1H), 7.80 (d, 3J = 8.2 Hz, 1H), 7.57 (d, 3J = 9.0 Hz, 1H), 7.41-7.30 (m, 2H), 7.30-7.10 (m, 5H), 6.51 (d,
3J = 8.4 Hz, 2H), 5.14 (d, 2J = 6.9 Hz, 1H), 5.01-4.94 (m, 2H), 4.87 (d, 2J = 5.8 Hz, 1H), 3.86 (s, 6H), 3.16 (s, 3H), 2.68-2.51 (m,
4H), 2.56 (s, 3H), 1.97-1.79 (m, 4H). "3C-NMR (100 MHz, CDCl;) & [ppm] = 161.6, 153.1, 153.0, 134.2, 133.9, 133.5, 130.6, 129.8,
128.9, 127.8, 127.6, 127.8, 127.6, 126.8, 126.6, 126.1, 126.0, 125.3, 124.2, 120.9, 118.3, 116.9, 103.6, 98.7, 98.6, 95.2, 94.6,
78.0, 73.2, 56.2, 56.2, 56.0, 28.2, 27.9, 19.9, 19.6. IR (nujol): v [cm™"] = 3058.4, 3007.4, 2934.7, 2836.7, 2227.0, 2191.1, 1711.5,
1622.1, 1529.6, 1584.1, 1473.4, 1432.3, 1393.1, 1357.7, 1334.5, 1301.7, 1253.8, 1217.2, 1199.4, 1155.8, 1112.6, 1071.3, 1033.9,
1014.3, 978.5, 923.5, 904.9, 810.9, 752.9, 725.3. HRMS (ESI+): m/z 637.2565 [M+Na]* (calculated for C4H3sOsNa* = 637.2566).

2.8. Synthesis of compound 13

lodide 3 (500 mg, 1.00 mmol, 1 eq) was dissolved in a 1:1 mixture of MeCN (5 mL) and triethylamine (5 mL). The solution was
degassed with a stream of argon. Cul (19 mg, 0.10 mmol, 0.1 eq), Pd(PPhs)4 (115 mg, 0.10 mmol, 0.1 eq), and propargy! alcohol
(116 puL, 112 mg, 2.00 mmol, 2 eq) were added. The reaction was heated to 80 °C for 2 hours. Volatiles were removed in vacuo,
and the residue was suspended in a saturated solution of NH4ClI (15 mL). The residue was extracted with DCM (2 x 15 mL). The
organic layer was washed with brine, dried over Na,SOu, filtered, and concentrated in vacuo. The product was purified through
chromatographic column on silica gel (EtOAc/petroleum ether 2:3). 13 was isolated as a pale-yellow solid. Yield: 355 mg (0.83
mmol, 83%). M.p. = 109-110 °C. R; = 0.41 (SiO., EtOAc/petroleum ether 2:3). "H-NMR (400 MHz, CDCls) & [ppm] = 8.12 (s, 1H),
7.96 (d, 3J = 9.0 Hz, 1H), 7.89-7.80 (m, 2H), 7.58 (d, 3J = 9.0 Hz, 1H), 7.44-7.32 (m, 2H), 7.30-7.22 (m, 2H), 7.20-7.13 (m, 2H),
5.14 (d, 2J = 6.9 Hz, 1H), 5.00 (d, 2J = 6.9 Hz, 1H), 4.90 (d, 2J = 5.6 Hz, 1H), 4.82 (d, 2J = 5.6 Hz, 1H), 4.55 (d, 3J = 3.5 Hz, 2H),
3.16 (s, 3H), 2.71 (s, 3H), 1.91 (br s, 1H, OH). *C-NMR (100 MHz, CDCls) & [ppm] = 153.1, 152.8, 134.2, 134.1, 134.0, 130.5,
130.0, 129.8, 127.9, 127.9, 127.3, 126.8, 126.4, 126.2, 125.7, 125.6, 124.3, 120.4, 117.0, 116.8, 99.0, 95.2, 91.5, 83.1, 56.5, 56.1,
52.0. IR (nujol): v [cm™'] = 3417.4, 2226.9, 1621.7, 1593.5, 1261.1, 1241.7, 1214.9, 1154.5, 1120.5, 1068.4, 1032.7, 1013.7, 974.0,
921.3, 864.4, 809.5, 761.4.



2.9. Synthesis of diyne 14

NaH (60% in mineral oil, 16.6 mg, 0.693 mmol, 1.5 eq) was suspended in THF (3 mL). 13 (198 mg, 0.462 mmol, 1 eq) was
dissolved in THF (1.6 mL), and the solution was slowly added to the suspension of NaH under argon atmosphere at 0 °C. The
mixture was left for 0.5 hours at rt. Propargyl bromide (80% in toluene, 77 puL, 82.5 mg, 0.693 mmol, 1.5 eq) was added at 0 °C.
The mixture was left under stirring for 3 hours at rt. The reaction was quenched with sat. aq. NH4Cl (10 mL). The crude was
extracted with EtOAc (3 x 10 mL). The collected organic layers were washed with brine, dried over Na,SO., filtered, and
concentrated in vacuo. The product was purified through chromatographic column on silica gel (EtOAc/n-hexane 1:9 to 1:4). 14
was isolated as a thick yellow oil. Yield: 188 mg (0.40 mmol, 87%). Rr = 0.56 (SiO,, EtOAc/petroleum ether 1:4). 'H-NMR (400
MHz, CDCl3) & [ppm] = 8.14 (s, 1H), 7.96 (d, 3J = 9.1 Hz, 1H), 7.89-7.80 (m, 2H), 7.58 (d, 3J = 9.1 Hz, 1H), 7.48-7.31 (m, 2H),
7.31-7.20 (m, 2H), 7.20-7.13 (m, 2H), 5.14 (d, 2J = 6.9 Hz, 1H), 5.00 (d, 2J = 6.9 Hz, 1H), 4.93 (d, 2J = 5.7 Hz, 1H), 4.82 (d, 2J =
5.7 Hz, 1H), 4.57 (s, 2H), 4.37 (d, *J = 2.3 Hz, 2H), 3.16 (s, 3H), 2.66 (s, 3H), 2.47 (t, “*J = 2.3 Hz, 1H). 3C-NMR (100 MHz, CDCl3)
0 [ppm] = 153.1, 152.9, 134.5, 134.1, 134.1, 130.5, 130.0, 129.8, 127.9, 127.9, 127.3, 126.8, 126.4, 126.2, 125.8, 125.6, 124.3,
120.4, 116.9, 116.7, 99.0, 95.2, 88.2, 84.3, 79.1, 75.2, 57.6, 56.7, 56.4, 56.1. IR (nujol): v [cm™] = 3286.5, 3058.6, 2945.5, 2853.1,
2225.1,2116.7, 1738.6, 1621.9, 1594.1, 1508.8, 1469.9, 1428.0, 1393.3, 1357.2, 1242.5, 1156.1, 1077.6, 1033.6, 1014.0, 979.5,
923.0, 810.3, 751.6. HRMS (ESI+): m/z 489.1676 [M+Na]* (calculated for C3oHsO0sNa* = 489.1672).

2.10. Synthesis and isolation of the pairs of diastereoisomerically pure complexes.

2.10.1. Complexes (pR,aR)-15 and (pS,aR)-15

Iron complexes (pR,aR)-15 and (pS,aR)-15 were prepared according to general procedure A, starting from diyne 9 (125 mg, 0.225
mmol). (pR,aR)-15 and (pS,aR)-15 were isolated through chromatographic column on silica gel (Et.O/n-hexane 1:1 to 3:2) as
yellow solids.

(PR,aR)-15. Yield: 59 mg (0.082 mmol, 36%). M.p. = 112-114 °C. Rs = 0.34 (SiO,, Et.O/petroleum ether 3:2). "H-NMR (400 MHz,
CD.Cly) & [ppm] = 8.03-7.97 (m, 2H), 7.94-7.87 (m, 2H), 7.77-7.72 (m, 2H), 7.63 (d, 3J = 9.1 Hz, 1H), 7.50-7.44 (m, 1H), 7.44-7.31
(m, 4H), 7.31-7.22 (m, 2H), 7.19 (d, 3J = 8.5 Hz, 1H), 7.13 (d, 3J = 8.5 Hz, 1H), 5.14-5.08 (m, 2H), 4.50 (d, 2J = 5.1 Hz, 1H), 4.34
(d, 2J = 5.1 Hz, 1H), 3.24 (s, 3H), 2.95-2.78 (m, 2H), 2.78-2.65 (m, 1H), 2.72 (s, 3H), 2.39 (ddd, 3J = 17.0 Hz, 3J = 2J = 5.3 Hz,
1H), 2.01-1.80 (m, 4H). ®C-NMR (100 MHz, CD.Cl,) & [ppm] = 209.8, 171.4, 153.5, 153.1, 153.9, 134.7, 134.7, 132.3, 131.5,
130.5, 130.3, 130.2, 129.0, 128.7, 128.5, 128.5, 127.4, 127.3, 126.6, 126.4, 126.3, 125.9, 125.7, 124.7, 120.9, 117.4, 105.3,
101.8, 99.9, 95.9, 85.7, 81.2, 56.7, 56.2, 24.0, 23.2, 22.9, 22.6. IR (nujol): v [cm™"] = 2059.7 (Fe(CO)3), 1984.9 (Fe(CO)3), 1639.7
(C=0), 1592.6, 1240.9, 1197.8, 1148.4, 1074.8, 1034.1, 1013.7, 965.6, 925.0, 749.7, 721.5. HRMS (ESI+): m/z 723.1678 [M+H]",
745.1500 [M+Na]* (calculated for C4,H3ssFeOg* = 723.1676, CsoH3zsFeOgNa* = 745.1495).

(pS,aR)-15. Yield: 56 mg (0.077 mmol, 34%). M.p. = 105-110 °C. Ry = 0.21 (SiO., Et,O/petroleum ether 3:2). "H-NMR (400 MHz,
CD.Cl) & [ppm] = 8.05-7.97 (m, 2H), 7.95-7.89 (m, 2H), 7.78-7.72 (m, 2H), 7.67 (d, 3J = 9.1 Hz, 1H), 7.50-7.45 (m, 1H), 7.45-7.27
(m, 6H), 7.24 (d, 3J = 8.5 Hz, 1H), 7.15 (d, %J = 8.5 Hz, 1H), 5.19 (d, 2J = 7.1 Hz, 1H), 5.10 (d, 2J = 7.1 Hz, 1H), 4.69 (d, 2J = 5.1
Hz, 1H), 4.53 (d, 2J = 5.1 Hz, 1H), 3.25 (s, 3H), 2.91-2.76 (m, 3H), 2.87 (s, 3H), 2.76-2.65 (m, 1H), 2.48-2.36 (m, 1H), 2.00-1.78
(m, 4H). 3C-NMR (100 MHz, CD,Cl,) & [ppm] = 209.8, 171.6, 153.8, 152.8, 136.1, 134.6, 134.3, 132.3, 131.6, 130.6, 130.2, 130.2,
129.0, 128.8, 128.7, 128.5, 127.4, 127.2, 126.9, 126.0, 126.0, 125.7, 125.4, 124.6, 120.2, 116.4, 105.5, 101.9, 100.0, 95.2, 85.5
(s, 1C), 81.2, 57.0, 56.6, 23.8, 23.2, 22.9, 22.6. IR (nujol): v [cm™] = 2059.5 (Fe(CO)s), 1984.9 (Fe(CO)s), 1640.5 (C=0), 1592.6,
1258.8, 1241.4, 1197.7, 1148.1, 1062.3, 1032.9, 1012.1, 964.8, 924.2, 749.7, 721.0. HRMS (ESI+): m/z 723.1677 [M+H]",
745.1500 [M+Na]* (calculated for C4,H3ssFeOsg* = 723.1676, CsoH3zsFeOgNa* = 745.1495).

2.10.2. Complexes (pR,aR)-16 and (pS,aR)-16

Iron complexes (pR,aR)-16 and (pS,aR)-16 were prepared according to general procedure A, starting from diyne 10 (112 mg,
0.19 mmol). (pR,aR)-16 and (pS,aR)-16 were isolated through chromatographic column on silica gel (Et,O/n-hexane 2:3 to 3:2)
as yellow solids.

(pPR,aR)-16. Yield: 45 mg (0.058 mmol, 31%). M.p. = 234-236 °C. [a]p = +56.4 (¢ = 0.02 in CHxCly). Ry = 0.30 (SiOy,
EtOAc/petroleum ether 1:4). "H-NMR (400 MHz, CD2Cl,) & [ppm] = 7.99 (d, 3J = 9.2 Hz, 2H), 7.93 (s, 1H), 7.89 (d, 3J = 8.2 Hz,
1H), 7.62 (d, 3J = 9.0 Hz, 1H), 7.46 (t, 3J = 7.4 Hz, 1H), 7.37 (t, 3J = 7.3 Hz, 1H), 7.32-7.16 (m, 3H), 7.12 (d, 3J = 8.5 Hz, 1H), 6.98
(s, 1H), 6.94 (s, 1H), 5.10 (s, 2H), 4.59 (d, 2J = 4.8 Hz, 1H), 4.35 (d, 2J = 4.7 Hz, 1H), 3.23 (s, 3H), 3.04-2.91 (m, 1H), 2.62 (s, 3H),
2.47-2.35 (m, 4H), 2.34-2.21 (m, 5H), 2.11 (s, 3H), 2.00-1.73 (m, 4H). "*C-NMR (100 MHz, CD,Cl,) & [ppm] = 210.2, 171.0, 153.7,
152.6, 138.6, 138.2, 137.2, 136.1, 131.4, 130.4, 130.3, 129.8, 128.7, 128.3, 127.3, 127.1, 126.8, 126.6, 126.5, 126.4, 125.9,
125.7,124.7, 121.2, 117.5, 105.5, 103.0, 99.8, 96.1, 86.4, 85.6, 56.4, 56.2, 23.3, 23.2, 23.2, 23.1, 22.9, 21.4, 21.1. IR (nujol): v
[em™"] = 2060.8 (Fe(CO)s3), 2008.4 (Fe(CO)s), 1987.5 (Fe(CO)s), 1644.0 (C=0), 1240.5, 1151.4, 1084.4, 1035.9, 1014.8, 969.9,
925.6, 721.5. HRMS (ESI*): m/z 765.2145 [M+H]*, 787.1967 [M+Na]* (calculated for C4sH41FeOs* = 765.2145, CysHsoFeOgNa* =
787.1965).

(pS,aR)-16. Yield: 32 mg (0.041 mmol, 22%). M.p. = 194-198 °C. [a]p = +80.4 (¢ = 0.04 in CH.Cly). Ry = 0.16 (SiOy,
EtOAc/petroleum ether 1:4). "H-NMR (400 MHz, CD,Cl,) & [ppm] = 8.01 (d, 3J = 9.2 Hz, 1H), 7.98 (d, 3J = 8.4 Hz, 1H), 7.93 (s,
1H), 7.91 (d, 3J = 8.2 Hz, 1H), 7.67 (d, 3J = 9.1 Hz, 1H), 7.52-7.43 (m, 1H), 7.38 (t, *J = 7.0 Hz, 1H), 7.35-7.26 (m, 3H), 7.21 (d, 3J
= 8.4 Hz, 1H), 6.98 (s, 1H), 6.95 (s, 1H), 5.16 (d, 2J = 7.2 Hz, 1H), 5.11 (d, 2J = 7.2 Hz, 1H), 4.70 (d, 2J = 4.7 Hz, 1H), 4.51 (d, 2J
=4.7 Hz, 1H), 3.26 (s, 3H), 2.97-2.84 (m, 1H), 2.63 (s, 3H), 2.54-2.41 (m, 4H), 2.35-2.21 (m, 5H), 2.11 (s, 3H), 2.05-1.84 (m, 2H),
1.84-1.65 (m, 2H). "3C-NMR (100 MHz, CD,Cl,) & [ppm] = 210.2, 171.2, 154.1, 152.1, 138.5, 138.2, 137.3, 136.1, 134.5, 134.4,
131.5, 130.5, 130.3, 130.1, 129.8, 128.7, 128.6, 127.3, 127.1, 126.8, 126.5, 126.1, 126.0, 125.8, 125.4, 124.4, 120.1, 116.3,
105.9, 102.7, 99.9, 95.2, 86.2, 85.7, 56.7, 56.6, 23.3, 23.3, 23.1, 23.1, 22.9, 21.4, 21.1. IR (nujol): v [cm™"] = 2060.6 (Fe(CO)s),
2004.0 (Fe(CO)3), 1989.5 (Fe(CO)s3), 1642.6 (C=0), 1241.6, 1148.3, 1032.7, 1012.2, 963.6, 925.6, 721.4. HRMS (ESI+): m/z
765.2144 [M+H]*, 787.1966 [M+Na]* (calculated for C4sHs1FeOsg* = 765.2145, C4sHsoFeOgNa* = 787.1965).



2.10.3. Complexes (pS,aR)-17 and (pR,aR)-17

Iron complexes (pS,aR)-17 and (pR,aR)-17 were prepared according to general procedure A, starting from diyne 11 (95 mg, 0.147
mmol). (pS,aR)-17 and (pR,aR)-17 were isolated through chromatographic column on silica gel (Et.O/n-hexane 35:65) as yellow
solids.

(pS,aR)-17. Yield: 51 mg (0.063 mmol, 43%). M.p. = 135-140 °C (dec.). [a]p = 0.0 (¢ = 0.14 in CHCl,). R = 0.32 (SiO,, Et,0/n-
hexane 2:3). '"H-NMR (400 MHz, CDCl) & [ppm] = 8.04-7.96 (m, 2H), 7.93-7.85 (m, 2H), 7.63 (d, 3J = 9.1 Hz, 1H), 7.51-7.43 (m,
1H), 7.40-7.33 (m, 1H), 7.33-7.21 (m, 2H), 7.20-7.10 (m, 2H), 5.17-5.07 (m, 2H), 4.41 (d, 2J = 5.2 Hz, 1H), 4.37 (d, 2J = 5.2 Hz,
1H), 3.25 (s, 3H), 2.97-2.87 (m, 1H), 2.84 (s, 3H), 2.72-2.59 (m, 1H), 2.50-2.34 (m, 2H), 2.08-1.73 (m, 4H). *C-NMR (100 MHz,
CD2Cl2) & [ppm] = 208.7, 169.8, 153.5, 153.2, 144.0-140.0 (m), 140.0-136.5 (m), 135.5, 134.8, 134.6, 131.4, 130.6, 130.3, 128.7,
128.5,127.5,127.3, 126.6, 126.3, 126.2, 126.0, 125.0, 124.8, 120.6, 117.2, 107.7, 106.6 (m), 101.4, 100.0, 95.8, 86.7, 67.2, 56.9,
56.2,23.3,22.9,22.7, 22.2. ""F-NMR (377 MHz, CD,Cl) 5 [ppm] = -133.78 (br s, 1F), -137.62 (br s, 1F), -153.81 (t, 3J = 20.7 Hz),
-161.58 (br s, 1F), -162.72 (br s, 1F). IR (nujol): v [cm™"] = 2060.7 (Fe(CO)3), 2010 (Fe(CO)s), 1996.3 (Fe(CO)3), 1648.2 (C=0),
1525.6, 1241.2, 1150.9, 1077.4, 1034.6, 1012.8, 988.7, 967.3, 721.2. HRMS (ESI+): m/z 813.1205 [M+H]*, 835.1029 [M+Na]"
(calculated for C42H30F5F608+ = 813.1205, C42H29F5FeOaNa* = 835.1024).

(pR,aR)-17. Yield: 40.6 mg (0.050 mmol, 34%). M.p. = 161-163 °C (dec.). [alo = 120.4 (¢ = 0.11 in CHCl,). R = 0.25 (SiOy,
Et,O/n-hexane 2:3). "H-NMR (400 MHz, CDCly) & [ppm] = 8.05-7.96 (m, 2H), 7.95-7.86 (m, 2H), 7.66 (d, °J = 9.1 Hz, 1H), 7.52-
7.43 (m, 1H), 7.43-7.36 (m, 1H), 7.36-7.27 (m, 2H), 7.22 (d, 3J = 8.5 Hz, 1H), 7.13 (d, 3J = 8.5 Hz, 1H), 5.17 (d, 2J = 7.1 Hz, 1H),
5.08 (d, 2J = 7.1 Hz, 1H), 4.61 (d, 2J = 5.1 Hz, 1H), 4.50 (d, 2J = 5.1 Hz, 1H), 3.23 (s, 3H), 3.00-2.79 (m, 1H), 2.95 (s, 3H), 2.69 -
2.57 (m, 1H), 2.52-2.32 (m, 2H), 2.05-1.77 (m, 4H). 3C-NMR (100 MHz, CD,Cl;) & [ppm] = 208.7, 169.9, 153.8, 152.7, 143.6-
140.3 (m), 140.3-136.7 (m), 135.8, 134.7, 134.2, 131.5, 130.7, 130.2, 128.8, 128.7, 127.6, 127.2, 126.9, 126.1, 126.0, 125.3,
125.0, 124.6, 120.0, 116.5, 108.0, 106.6 (m), 101.5, 100.1, 95.2, 86.3, 57.2, 56.6, 23.2, 22.9, 22.7, 22.2. "®F-NMR (377 MHz,
CD.Cly) & [ppm] = -133.70 (br s, 1F), -137.61 (br s, 1F), -153.80 (t, 3%J = 21.0 Hz), -161.53 (br s, 1F), -162.63 (br s, 1F). IR (nujol):
v [em™] =2071.4 (Fe(CO)3), 2021.1 (Fe(CO)s3), 1995.6 (Fe(CO)s), 1651.4 (C=0), 1592.4, 1524.7, 1493.2, 1258.4, 1241.5, 1198.7,
1148.1, 1097.2, 1077.8, 1033.6, 1012.8, 989.1, 967.4, 921.6, 811.2, 802.1, 746.7, 721.8, 666.61. HRMS (ESI+): m/z 813.1204
[M+H]*, 835.1028 [M+Na]* (calculated for C42H30FsFeOg™ = 813.1205, CsoHooFsFeOgNa*™ = 835.1024).

2.10.4. Complexes (pS,aR)-18 and (pR,aR)-18

Iron complexes (pS,aR)-18 and (pR,aR)-18 were prepared according to general procedure A, starting from diyne 12 (145 mg,
0.236 mmol). (pS,aR)-18 and (pR,aR)-18 were isolated through chromatographic column on silica gel (Et.O/n-hexane 4:1 to 100%
Et,0).

(pS,aR)-18. Yield: 61 mg (0.076 mmol, 32%). M.p. = 196-199 °C (dec.). [alp = 18.7 (¢ = 0.09 in CH,Cl,). R: = 0.30 (SiO,, EtOAc/n-
hexane 1:1). "H-NMR (400 MHz, CD,Cl,) & [ppm] = 8.02-7.96 (m, 2H), 7.92 (s, 1H), 7.88 (d, 3J = 8.1 Hz, 1H), 7.63 (d, 3J = 9.1 Hz,
1H), 7.48-7.41 (m, 1H), 7.39-7.30 (m, 2H), 7.30-7.21 (m, 2H), 7.21-7.15 (m, 1H), 7.12 (d, 3J = 8.2 Hz, 1H), 6.69 (d, 3J = 8.1 Hz,
1H), 6.61 (d, 3J = 8.1 Hz, 1H), 5.11 (s, 2H), 4.58 (d, 2J = 4.9 Hz, 1H), 4.39 (d, 2J = 4.9 Hz, 1H), 3.94 (s, 3H), 3.68 (s, 3H), 3.25 (s,
3H), 2.98-2.84 (m, 1H), 2.59 (s, 3H), 2.52-2.42 (m, 1H), 2.37 (ddd, 3J = 12.1 Hz, 3J = 2J = 5.8 Hz, 1H), 2.27 (ddd, 3J = 16.6 Hz, 3J
=2J =52 Hz, 1H), 1.92-1.73 (m, 4H). "*C-NMR (100 MHz, CD.Cl,) & [ppm] = 210.4, 171.0, 159.7, 157.7, 153.6, 152.8, 136.1,
134.8, 134.6, 131.5, 130.4, 130.3, 130.3, 128.7, 128.3, 127.2, 127.1, 126.6, 126.5, 126.4, 126.3, 125.7, 124.7, 121.2, 117.5,
107.5, 104.8, 104.7, 104.1, 104.1, 99.7, 95.9, 86.3, 75.6, 56.6, 56.2, 56.2, 55.5, 23.2, 23.0, 22.5. IR (nujol): v [cm™"] = 2059.7
(Fe(CO)s), 2012.3 (Fe(CO)s), 1988.7 (Fe(CO)3), 1655.0 (C=0), 1593.0, 1251.0, 1149.4, 1109.2, 1030.5, 1005.5, 721.7. MS (ESI+):
m/z = 783.1885 [M+H]+, 805.1707 [M+Na]+ (calculated for C44H39FGO10+ = 783.1887, C44H38FeO1ONa* = 805.1707).

(pPR,aR)-18. Yield: 46 mg (0.058 mmol, 25%). M.p. = 239-241 °C (dec.). [a]o = 95.9 (¢ = 0.09 in CH2Cl,). Rs = 0.12 (SiO,, EtOAc/n-
hexane 1:1). "H-NMR (400 MHz, CD2Cl,) & [ppm] = 8.04-7.96 (m, 2H), 7.93 (s, 1H), 7.91 (d, 3%J = 8.2 Hz, 1H), 7.66 (d, 3J = 9.1 Hz,
1H), 7.50-7.42 (m, 1H), 7.42-7.27 (m, 4H), 7.24 (d, 3J = 8.3 Hz, 1H), 7.19 (d, 3J = 8.4 Hz, 1H), 6.70 (d, 3J = 8.4 Hz, 1H), 6.62 (d,
3J=8.3 Hz, 1H), 5.17 (d, 2J = 7.2 Hz, 1H), 5.09 (d, 2J = 7.2 Hz, 1H), 4.68 (d, 2J = 4.7 Hz, 1H), 4.58 (d, 2J = 4.7 Hz, 1H), 3.95 (s,
3H), 3.70 (s, 3H), 3.25 (s, 3H), 2.86 (ddd, 3J = 17.4 Hz, 3J =2J = 6.3 Hz, 1H), 2.79 (s, 3H), 2.54-2.35 (m, 2H), 2.26 (ddd, 3J = 17.2
Hz, 3J = 2J = 6.3 Hz, 1H), 1.95-1.74 (m, 4H). 3C-NMR (100 MHz, CD,Cl,) & [ppm] = 210.4, 171.1, 159.6, 157.7, 153.9, 152.3,
136.3, 134.4, 134.4, 131.6, 130.4, 130.1, 128.7, 128.6, 127.1, 127.1, 126.8, 126.4, 126.0, 125.8, 125.5, 124.4, 120.3, 116.4,
107.4, 105.3, 104.8, 104.0, 103.9, 99.9, 95.2, 86.0, 75.6, 57.0, 56.6, 56.2, 55.5, 23.1, 23.1, 23.0, 22.6. IR (nujol): v [cm™"] = 2060.7
(Fe(CO)s), 2000.4 (Fe(CO)s3), 1991.4 (Fe(CO)s), 1733.1, 1636.0 (C=0), 1253.8, 1244.9, 1162.0, 1150.3, 1106.2, 1058.6, 1031.8,
1012.9, 989.8, 964.9, 932.7, 721.0. HRMS (ESI+): m/z 783.1885 [M+H]*, 805.1708 [M+Na]* (calculated for CssH3g FEO1o" =
783.1887, C44H38FeO1ONa* = 805.1707).

2.10.4. Complexes (pR,aR)-19 and (pS,aR)-19

Iron complexes (pR,aR)-19 and (pS,aR)-19 were prepared according to general procedure A, starting from diyne 14 (168 mg,
0.360 mmol). The reaction was conducted at 85 °C. (pR,aR)-19 and (pS,aR)-19 were isolated through chromatographic column
on silica gel (EtOAc/n-hexane 7:3 to 4:1) as yellow solids.

(pPR,aR)-19. Yield: 59 mg (0.093 mmol, 26%). M.p. = 190-193 °C (dec.). [a]p = -20.2 (¢ = 0.20 in CH2Cl,). Rr = 0.37 (SiO., EtOAc/n-
hexane 7:3). "H-NMR (400 MHz, CD,Cl,) & [ppm] = 8.39 (s, 1H), 8.03-7.94 (m, 2H), 7.90 (d, 3J = 8.1 Hz, 1H), 7.61 (d, 3J = 9.1 Hz,
1H), 7.44 (t, 3J = 7.5 Hz, 1H), 7.37 (t, 3J = 7.4 Hz, 1H), 7.29-7.22 (m, 2H), 7.13 (d, 3J = 8.4 Hz, 1H), 7.09 (d, 3J = 8.5 Hz, 1H), 5.10-
5.02 (m, 3H), 4.80 (d, 2J = 13.4 Hz, 1H), 4.76 (s, 2H), 4.47 (d, 2J = 4.9 Hz, 1H), 4.35 (s, 1H), 4.23 (d, 2J = 4.9 Hz, 1H), 3.21 (s,
3H), 2.59 (s, 3H). C-NMR (100 MHz, CD,Cl,) & [ppm] = 208.5, 173.1, 153.8, 151.3, 134.9, 134.7, 134.6, 134.3 131.3, 130.6,
130.3, 128.9, 128.6, 127.6, 127.3, 126.3, 126.2, 126.1, 124.7, 124.5, 120.6, 117.6, 107.4, 103.9, 99.8, 95.9, 80.1, 69.9, 67.8, 57 .4,
57.2, 56.2. HRMS (ESI+): m/z 635.0999 [M+H]*, 657.0823 [M+Na]* (calculated for CssH,7FeOg* = 635.0999, C34HsFeOgNa* =
657.0818).

(pS,aR)-19. Yield: 42 mg (0.066 mmol, 18%). M.p. = 130-132 °C (dec.). [a]o = 119.6 (¢ = 0.13 in CH,Cl,). R; = 0.24 (SiO,, EtOAc/n-
hexane 7:3). "H-NMR (400 MHz, CD,Cl,) & [ppm] = 8.41 (s, 1H), 8.01 (d, 3J = 8.7 Hz, 1H), 7.97 (d, 3J = 8.2 Hz, 1H), 7.90 (d, 3J =
8.1 Hz, 1H), 7.65 (d, 3J = 8.6 Hz, 1H), 7.45 (t, 3%J = 7.3 Hz, 1H), 7.38 (t, 3J = 7.1 Hz, 1H), 7.34-7.21 (m, 3H), 7.13 (d, 3J = 8.5 Hz,
1H), 5.20-5.08 (m, 2H), 4.97 (d, 2J = 13.6 Hz, 1H), 4.76 (d, 2J = 13.7 Hz, 1H), 4.74 (s, 2H), 4.67 (d, 2J = 4.9 Hz, 1H), 4.42 (d, 2J =
4.9 Hz, 1H), 4.36 (s, 1H), 3.24 (s, 3H), 2.73 (s, 3H). "*C-NMR (100 MHz, CD,Cl) & [ppm] = 208.6, 173.1, 153.7, 151.1 134.9,



134.2, 134.1, 130.8, 130.2, 128.9, 128.6, 127.5, 127.3, 126.4, 126.2, 126.0, 125.2, 124.7, 124.5, 119.8, 116.1, 107.7, 103.9,
100.1,95.2,79.9, 69.9, 67.8, 57.5, 57.4, 56.7. HRMS (ESI+): m/z 635.1002 [M+H]*, 657.0824 [M+Na]* (calculated for C34H27FeOg*
=635.0999, CasHxFeOgNa*™ = 657.0818).

2.11. General procedure for the AH of ketones

The pre-catalyst (0.010 mmol, 0.02 eq) was weighted in a 3 mL glass vial. A magnetic stirring bar was added, and the vial was
charged in an autoclave. After purging the system with argon, the solvent (0.35 mL) was added. MesNO (1.5 mg, 0.020 mmol,
0.04 eq) was added and the mixture was stirred for 5 minutes under argon. The ketone (0.500 mmol, 1 eq) was then added. The
autoclave was sealed and, after purging 2 times with hydrogen, it was charged with Hz (30 bar). The reaction was heated to 70 °C.
After 18 h the reaction was allowed to cool to rt. Hydrogen was removed, and the reaction mixture was filtered through celite,
rinsing with AcOEt/petroleum ether 1:1. Conversion was evaluated through 'H-NMR analysis and chiral GC analysis. Enantiomeric
excesses were evaluated through GC analysis with a chiral column. The absolute configurations of the alcohol products was
determined by comparison with literature data.

1-Phenylethanol (P1)

Conversion and ee’s were determined via chiral GC analysis. Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-
cyclodextrin, 0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen; programmed flow: 42 mL/min; oven temperature:
95 °C for 20 min. tsubstrate = 4.9 min; tr = 8.8 min; ts = 11.0 min.®a

1-Phenylpropan-1-ol (P2)

Conversions and ee’s were determined via chiral GC analysis. Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-
cyclodextrin, 0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen programmed flow: 42 mL/min; oven temperature: 95 °C
for 20 min. tsubstrate = 7.8 min; tr = 11.5 min; ts = 12.6 min. %

1-(Naphthalen-2-yl)ethan-1-ol (P3)

Conversions and ee’s were determined via chiral GC analysis. Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-
cyclodextrin, 0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen; programmed flow: 42 mL/min; oven temperature:
150 °C for 20 min. tsustrate = 8.3 Min; tr = 12.4 min; ts = 13.3 min.%a

1-(4-(Trifluoromethyl)phenyl)ethan-1-ol (P4)

Conversions and ee’s were determined via chiral GC analysis. Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-
cyclodextrin, 0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen; programmed flow: 42 mL/min; oven temperature:
90 °C; 1 °C/min gradient; 100 °C; 0.5 °C/min gradient; 110 °C for 5 min. tsubstrate = 8.4 min; tr= 19.0 min; ts= 20.6 min.

1-(4-Methoxyphenyl)ethan-1-ol (P5)

Conversions and ee’s were determined via chiral GC analysis. Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-
cyclodextrin, 0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen; programmed flow: 42 mL/min; oven temperature:
110 °C for 10 min; 30 °C/min gradient; 120 °C for 10 min; 30 °C/min gradient; 130 °C for 10 min. fsubstrate = 16.6 min; tr = 16.3 min;
ts = 18.7 min.15

2,2, 2-Trifluoro-1-phenylethan-1-ol (P6)

Conversions and ee’s were determined via chiral GC analysis. Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-B-
cyclodextrin, 0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen; programmed flow: 42 mL/min; oven temperature:
100 °C for 20 min. tsustrate = 1.8 min; ts = 7.8 min; tr = 8.5 min.1®!

1,2,3,4-Tetrahydronaphtalen-2-ol (P7)

Conversions and ee’s were determined via chiral GC analysis. Column: MEGA-DEX DAC Beta, diacetyl-tert-butylsilyl-3-
cyclodextrin, 0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen; programmed flow: 42 mL/min; oven temperature:
120 °C for 40 min. tr = 17.7 min; ts = 18.1 MiN; tsustrate = 44 min. 2

3,3-Dimethylbutan-2-ol (P8)

Conversion was determined via '"H-NMR analysis. ee’s were determined via chiral GC analysis. MEGA-DEX DAC Beta, diacetyl-
tert-butylsilyl-B-cyclodextrin , 0.25 mm; diameter: 0.25 mm; length: 25 m; carrier: hydrogen; programmed flow: 42 mL/min; oven
temperature: 40 °C; 2 °C/min gradient; 100 °C. ts = 6.8 min; tr = 8.0 min; tswsrate = 8.9 min. 53 Absolute configurations were
assigned by comparing the sign of optical rotation with literature data ([azp2°]= +0.0496 + 0.0048, ¢ = 0.25 in CHCl3 at T =
27.8 °C).I"



3. NMR Spectra

3.1. Complex 1a
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3.2. Complex 1b

H-NMR [(CD,),CO, 400 MHz]
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3.3. Complex 1c

H-NMR [(CD,),CO, 400 MHz]
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3.4. Complex 1d

H-NMR (CD,Cl,, 400 MHz)
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3.5. Complex (pR,aR)-15

H-NMR (CD,Cl,, 400 MHz)
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3.6. Complex (pS,aR)-15

H-NMR (CD,Cl,, 400 MHz)
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3.7. Complex (pR,aR)-16

H-NMR (CD,Cl,, 400 MHz)
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3.8. Complex (pS,aR)-16

H-NMR (CD,Cl,, 400 MHz)
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3.9. Complex (pS,aR)-17

H-NMR {CD,Cl,, 400 MHz)
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15F-NMR (CD,Cl,, 377 MHz)
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13C-NMR (CD,Cl,, 100 MHz)

el e
el el ol

LSENENEN
R

5ES
23
L2
£FS
SFS

m.am%
s

£98 —

56~
00T~
ST0T—
9901
S
443~

1
€821
09z

T9z1
fara g
9421
£'821
8821 Zz

[
£0ET
SI1ET

TPET
LPET
#'se1

LTET~
861"

6691 —

L80T—

220 210 200 190 180 170 160 150 140 130 I%D( 1%0 100 90 80 70 60 50 40 30 20 10
1 (ppm

230

F-NMR (CD,Cl,, 377 MHz)

EYC91- —

£5°191- —

S8EST-
08°EST- W
PLEST

19 el —

0£€ET- —

-135 -137 -139 -141 -143 -145 -147 -149 -151 -153 -155 -157 -159 -161 -163
f1 (ppm)

-133



3.11. Complex (pS,aR)-18

H-NMR (CD,Cl,, 400 MHz)
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3.12. Complex (pR,aR)-18

H-NMR {CD,Cl,, 400 MHz)

oo

oo
SSaaas 2 e

N N

- 6.63
\&.&\

L5 1.0 0.5 0.0
B3C-NMR (CD,Cl,, 100 MHz)
= - wmen METeThe-S-"donnE I nE -a
3 ° an  a w sannnnsnD -
g = BLRGEE ARAREEERRANYAZEZISgy ¢ £ GRBRBIRE0O SRAN
i N [ e
] I
|
1
I
I
i ! | I
[
(
|
1
r T ‘ T T T T ‘ T T T T ‘ T T ‘ T ‘ T T ‘ T ‘ 1
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)



3.13. Complex (pR,aR)-19

H-NMR (CD,Cl,, 400 MHz)
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3.14. Complex (pS,aR)-19

H-NMR (CD,Cl,, 400 MHz)
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4. X-ray Crystallographic data
Table S1. Crystallographic table of compounds 1a, 15 and 19.

Compound 1a 15 19

CCDC No. 2280105 2280106 2280107

Formula Csa4H26FeOg CyeHasFeOgy CeoHs0FeO12

Formula weight 634.40 796.66 1018.85

Crystal system Monoclinic Monoclinic Monoclinic

Space group P24 P2, 12

a[A] 11.1027(2) 11.1419(3) 25.7074(18)

b [A] 11.3177(2) 10.4175(3) 8.2601(6)

c[A] 11.3346(2) 18.1708(5) 27.8632(19)

al’] 90 90 90

B ] 94.746(2) 105.678(3) 103.171(7)

v [°] 90 90 90

V [A3] 1419.39(4) 2030.63(10) 5761.0(7)

z 2 2 4

Radiation type Mo-Ka Mo-Ka Mo-Ka

Temp. [K] 120(2) 120(2) 295(2)

P(ealed) [g-CM™] 1.484 1.303 1.175

p [mm™] 0.590 0.427 0.319

F(000) 656 836 2128

Cryst. size [mm?®] 0.210 x 0.180 x 0.170 0.340 x 0.130 x 0.100 0.125 x 0.080 x 0.070

0 range [°] 1.803-31.494 1.898-31.481 1.627-25.345

Limiting indices -16<=h<=15 -15<=h<=15 -30<=h<=30
-16<=k<=15 -14<=k<=14 -9<=k<=9
-16<=I<=15 -25<=|<=26 -33<=1<=33

Reflections 16023 / 8357 [R(int) = | 23664 / 12048 [R(int) = | 27972/10510 [R(int) = 0.0401]

collected/unique? 0.0068] 0.0125]

Data/restraints/ 8357 /17399 12048 /2 /536 10510/ 3/ 662

param

Completeness to 100.0 99.9 99.9

0 =25.242° [%]

Max. and min. | 1.00000 and 0.89928 1.00000 and 0.88134 1.00000 and 0.74093

transmission

Final R indices (I > 20(1))® | Ry =0.0198, wR, = 0.0545 Rs =0.0354, wR, = 0.0940 Ry =0.0718, wR; = 0.1841

R indices (all data) R+ =0.0199, wR; = 0.0546 Rs=0.0383, wR, = 0.0960 Rs=0.1074, wR, = 0.2058

Absolute Structure | -0.006(3) 0.009(3) 0.036(11)

Parameter

Goodness 1.044 1.028 1.032

of fit® on F?

Largest diff. peak and | 0.338 and -0.264 0.891 and -0.569 0.914 and -0.404

hole [A~%]

2 Rint = 2| Fo? = Fo?(mean)|/2Fo2, 2 Ry = | [Fo| = |Fc| [/Z]Fol, WR2 = {Z[W(Fo? = F2)2/Z[W(F:2)2}2, © GooF = {S/(n —p)}/? = {Z[w(F.? -
F2)?)/(n - p)}/2.



5. NMR patterns of the stereoplane epimers

Table S2. Typical 'H NMR patterns of the MOM CHz groups of the stereoplane-containing CIC diastereomers.
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