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ABSTRACT: Bulky g-diketones have rarely exceeded dipivaloylmethane (DPM) in steric demand, largely due to
synthetic limitations of the Claisen condensation. This work demonstrates hindered acid chlorides to be selective
electrophiles in non-coordinating solvents for condensations with enolates. An improved synthesis of DPM is de-
scribed (90% yield), and crowded S-diketones featuring bulky o-biphenyl or m-terphenyl fragments were prepared
in good to excellent yields. These compounds are anticipated to have a steric profile far greater than that of DPM.

General reaction conditions and mechanistic considerations are included.

Over the last fifty years, acetylacetonate (acac)-supported catalysts have proven capable of forming C—C
bonds (via iron,'™ cobalt,’ nickel,%’ and copper®'?), C-N bonds (via iron,!! cobalt,'? nickel,'* and copper'¥), and C—
O bonds (via iron,'* cobalt,'®!” nickel,'® and copper'?) to highlight select metals. These examples illustrate the gen-

erality of late, first-row metal catalysis using B-diketonates in carbon bond-forming reactions, which have devel-

oped in parallel to the second- and third-row transition metal catalysis. However, there is a renewed interest in these
“base metal” catalysts due to sustainability, scalability, and other concerns of the “precious metal” catalysts.?*? In

some cases, the larger dipivaloylmethane (DPM, 1) offered a significant improvement in catalytic performance over
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acac, and even choice reactivity over other ligand classes.”*?* Unfortunately, synthetic challenges have limited

exploration of sterically hindered B-diketonates.

The synthesis of S-diketones is usually accomplished in good yields via the Claisen condensation.*® Ad-
vancements have been made in increasing the efficiency of the coupling using soft enolization techniques of acti-
vated esters and methyl ketones.?’?° Although these procedures are particularly robust and chemoselective,”® the
reactions are under thermodynamic control and specifically fail in preparing sterically hindered products.?’° Efforts
to improve the yield of DPM syntheses often focus on changing the base or the ester substituent with modest im-
provement.’'* An efficient synthesis is highly desirable given this compound has applications in catalysis, metal
refining, atomic layer deposition, precursor to heterocycles, and is notable for being the common “hindered /-
diketone” of choice.?>? Other known methods for the synthesis of sterically hindered f-diketones include a double
Friedel-Crafts acylation of malonyl dichloride,**** the reaction of f,J-triketones with pyrylium salts,* and treat-
ment of acid chlorides with stoichiometric methyllithium.* In the last example, treating pivaloyl chloride 2 with

methyllithium only produces DPM in 10% yield, instead providing 84% of the tertiary alcohol.

Other examples in the literature where acid chlorides are employed as electrophiles in condensations are
rare.**® Obtaining C-acylated products preferentially over the kinetically favored O-acylated products is a chal-
lenge.**® This can be suppressed using excess enolate, which reduces the atom economy.*’ Nonetheless, the in-
creased reactivity of acid chlorides can enable the construction of more crowded, decorated 3-diketones, albeit in
poor yields and with difficult separations.>*>' Acid chlorides derived from meta-terphenyls show a remarkably
slowed reactivity.? This very encumbering moiety has stabilized extremely reactive, low-coordinate metal com-
plexes.>*¢ We have previously shown that a m-terphenyl appended to a B-diketone enables steric control of a
metal’s coordination sphere,’” a historically difficult challenge for acac-type ligands.>®° Here we describe the prep-

aration and synthetic considerations of a range of sterically hindered fS-diketones.

Using DPM as a model compound, the reactivity of pivaloyl chloride 2 and methyl pivalate 3 with sodium
pinacolonate 4 was investigated to shed light on their relative behavior in crowded environments (Table 1). Due to

the sensitivity of acid chlorides to even weakly nucleophilic bases, it was advantageous to synthesize and isolate
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the enolates free of residual solvents or conjugate acids. Treating pinacolone with an excess of sodium amide (1.5
equiv.) followed by filtration of residual base and removal of solvent in vacuo results in an isolation of 4 in 94%
yield to produce 91 g of the tetrahydrofuran-adduct 4. Two equivalents of the enolate 4 were treated with electro-
philes 2 or 3 (1 M) at 0°C before warming, while varying the solvent, temperature, and reaction duration. DPM was
conveniently isolated by subjecting the reaction mixture to aqueous work-up to remove residual pivalic acid fol-
lowed by vacuum to remove pinacolone. The products were assayed by '"H NMR to determine the purity. Reported

crude yields have been corrected using the determined purity by mass.

Table 1. Comparative study of esters and acid chlorides in the preparation of dipivaloylmethane.

Na.q O OH
=
>‘)k /Lw< conditions M
X =Cl 2
OMe 3 1
Entry Solvent Group X Temperature (°C) Time (hrs) Crude Yield (%) Purity (%)
1 Cl 20 0.08 65 95
2 Cl 20 1 80 91
3 % Cl 20 16 90 88
4 > Cl 60 16 82 85
5 OMe 20 16 23 54
6 OMe 60 16 59 42
7 Cl 20 1 78 84
8 Cl 20 16 80 83
9 = cl 60 16 77 91
10 OMe 20 16 18 59
11 OMe 60 16 49 37
12 Cl 20 1 84 96
13 Cl 20 16 83 94
14 (E_) Cl 40 16 65 93
15 a OMe 20 16 23 69
16 OMe 40 16 34 50

After five minutes, DPM 4 was obtained from the acid chloride 1 in in 65% yield (Entry 1). Toluene, THF,
and DCM each gave similar yields for the reaction with 1 after one hour (Entries 2, 7, 12), although toluene proved

most effective when allowed to react overnight (Entry 3). In all solvents, the acid chloride condensations showed a

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry Page 4 of 15

decreased yield when heated (Entries 4, 9, 14). Conversely, reactions with the ester 2 resulted in poor conversions
at room temperature (Entries 5, 10, 15), which did improve upon heating (Entries 6, 11, 16). The best yield obtained
is 90% for this reaction, using acid chloride 1 as the electrophile and toluene as the solvent. The method was proven
on multi-gram scales, with an 88% yield obtained. While the O-acylation byproduct was observed in <1% in the
preparation of DPM, this problematic impurity is more frequently observed with more sterically hindered acid chlo-

rides and nucleophiles.

Table 2. Lewis acid screen for a hindered reaction.

Mes O Mes O OH
Na. Lewis acid _
Cl+ Mes
/\Mes PhMe, 60°C,
Mes 2 days Mes
5 6 7
Entry Lewis acid Conversion (%) C:O ratio (100:X)

1 LiCl 76 14

2 n/a (Na) 75 2
3 MgSOs4 63 20
4 CuCl, 51 20
5 ZnBr, 100 100

As steric bulk increases, the separation of large molecules which only differ by the transposition of oxygen
and methylene linkages becomes increasingly intractable, requiring a two-step metalation/demetalation sequence
or more preferably the inhibition of this by-product forming at all. The condensation of 2,6-dimesitylbenzoyl chlo-
ride 5 with the sodium enolate derived from trimethylacetophenone 6, resulted in significant formation of the O-
acylated product. Transmetalation with various Lewis acids was observed to improve the C/O acylation product
ratio (Table 2). Zinc bromide resulted in the highest selectivity for the f-diketone product, and these conditions
were employed to prepare 7 in >99% selectivity on multi-gram scales. In addition, the C/O-acylation selectivity is

sensitive to the coordinating ability of the solvent.

For example, the preparation of 8 (Table 3) proceeds with high C-selectivity in toluene using zinc bromide
with 3, but same reaction and Lewis acid resulted in significant O-acylated product when performed in THF. In
contrast, no solvent dependence was observed (PhMe, DCM, THF, Et,0, hexanes) when sodium was employed as

a Lewis acid in the high yielding synthesis of 8. The condensations can be scaled up with no decrease in yields,
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allowing the synthesis of 8 in over 40 grams. Furthermore, the reaction can be performed without the isolation of
the enolate, obviating the need for a glovebox. This can be accomplished by swapping the ethereal solvent for a

non-coordinating one after enolization prior to introducing the electrophile—affording 8 in typical yield and over
10-gram scale.

Table 3. m-Terphenyl p-diketones prepared using acid chlorides and enolate salts.

A Q Mg BhMe A oMo
cr o+ A Z >R
A HC™ R 60-140°C
' 4hr-4d Ar
Entry Aryl group (Ar) Enolate group (R) Lewis acid (M) Isolated yield (%)
1(7) Mes Mes Zn 70
2(8) Mes ‘Bu Na 92
3(9) Mes 3’.5’-'Bu,Ph Na 73
4 (10) Mes 3°,4’,5’-(OMe);Ph Na 65
6 (11) TMP ‘Bu Na 54
7 (12) Trip ‘Bu Na 75
8 (13) Trip 3’,5’Bu,Phy Na 25

While steric bulk disfavors multiple acylation reactions to form triketones, as the size of each fragment
increases the reaction favors C—O bond formation. The decreased steric hindrance of the lone pairs on oxygen
relative to methylene of the enolate induce a steric preference (Figure 1a). In addition, the greater electronegativity
of oxygen makes it the kinetically favored nucleophile. A Lewis acid bound to the oxygen of the enolate attenuates
its nucleophilicity and increases its steric demand, improving both steric and electronic factors to increase the se-
lectivity for C—C bond formation (Figure 1b). The Lewis acid pre-organizes the transition state by coordinating the
oxygen of the enolate and the acyl chloride (Figure 1¢). This weak interaction can be disrupted by the presence of
coordinating solvents, thus rationalizing the observed solvent effect (Figure 1b). This effect has been demonstrated
previously using strongly coordinating additives such as TMEDA to generate un-complexed enolate anions, result-
ing in the highly selective formation of O-acylation products (Figure 1d).%! Therefore, control of the C/O-acylation

selectivity seems determined by the promotion or interference of the metal-enolate complexes in solution.
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Figure 1. Factors which affect the C/O-
acylation selectivity in acid chlo-
ride/enolate condensations.

An additional complication in preparing especially hindered
[S-diketones is the competing aldol condensation of the enolate nucle-
ophile with the methyl ketone regenerated by deprotonation of the f3-
diketone product.®>% This reaction was most problematic in the prep-
aration of 13. In examples using 2,6-bis(2,4,6-triisopropylphenyl)ben-
zoyl chloride as electrophile, the methyl ketones regenerated proved
to be better electrophiles than the acid chloride. Lewis acids such as
zinc and cadmium have been shown to prevent aldol condensation
products.®* Although in the case of 13, no improvement was afforded
by transmetalation to zinc. It is possible that either the zinc-enolate
interaction shows diminished chemo-selectivity at the elevated tem-
peratures required for the reaction or that sodium enolates transiently
form which are capable of aldol condensation. Nevertheless, 13 can

be isolated in 25% yield after purification by chromatography.

To better understand the crowding about the S-diketone moi-

ety, single crystals of 9, 12, and 13 were grown and analyzed by X-ray diffraction. The structure of the most steri-

cally hindered derivative, 13, is presented below (Figure 2). 13 represents the most hindered f-diketone ever re-

ported. Despite these results, accessing increasingly hindered f-diketone products is difficult because steric de-

mands require higher temperatures and Lewis acids that can maintain their coor-
dination in the extreme conditions. More reactive electrophiles are currently be-
ing investigated. Additionally, the condensation of secondary enolates have re-

sulted in mixtures of C/O-acylation products, which is being probed with more

effective Lewis acids.

In summary, acid chlorides were found to be more effective electrophiles
than corresponding esters in congested steric regimes. Reaction optimization for
DPM has resulted in excellent yield and purity, which represents an improvement

over the state of the art (90% vs. 65%). Application of this insight permitted the

Figure 2. Crystal structure of
the hindered f-diketone, 13.
Thermal ellipsoids drawn at

the 50% probability level.

ACS Paragon Plus Environment

Page 6 of 15



Page 7 of 15 The Journal of Organic Chemistry

oNOYTULT D WN =

preparation of sterically hindered examples which have proven to be synthetically challenging to date. The reactions
of m-terphenyl acid chlorides require elevated temperatures (60—140°C) and increased times (4-96 hrs), standing
in sharp contrast to typical acid chloride reaction conditions.*” The reactions selectivity is sensitive to the identity
of the Lewis acid and solvent. As a heuristic, it is preferable to employ the larger fragment as the electrophile to

maximize the selectivity control, and similarly a smaller enolate seems a more competent nucleophile.

In a more specific context, the method described herein has been used to prepare a family of sterically
hindered f-diketones that can function as ancillary ligands for transition metal catalysis. Work continues in our

laboratory probing the novel coordination and catalytic chemistry of bulky acac-type metal complexes, especially

of the first-row transition metals, a critical need identified in recent reports.®>¢

EXPERIMENTAL SECTION

General Considerations

Syntheses were performed in a nitrogen-filled glovebox or in a fume hood using standard air-free Schlenk techniques. Organic reagents were
purchased from Alfa Aesar, TCI Chemical, or Sigma Aldrich and used as received, except as noted below. Deuterated solvents were pur-
chased from Cambridge Isotope Labs and stored over 4A molecular sieves. All other solvents were purchased in anhydrous form from Sigma
Aldrich and further dried with and stored over 4A molecular sieves. 2,6-bis(2,4,6-trimethylphenyl)benzoyl chloride was prepared according
to literature procedures.” Enolizations can be monitored by disappearance of ammonia emission upon N2 sparging. Condensations may be
monitored by withdrawing a 0.25 mL aliquot, shaking with ethyl acetate/1 M hydrochloric acid (1 mL each), removing the aqueous layer,
concentrating the organics, and subjecting the residue to '"H NMR analysis, using the 1H triplet at approximately 7.5 ppm as a diagnostic
peak. NMR spectra were recorded on a Bruker Avance-1II 300 NMR spectrometer (300 MHz) or 400 NMR spectrometer (400 MHz). IR
were spectra recorded on an Agilent Cary 630 FTIR with ATR attachment. UV-Vis spectra were recorded on an Agilent Cary 5000 UV-Vis-
NIR spectrophotometer. High-Resolution Mass Spectrometry (HRMS) data were recorded at the University of Colorado Central Analytical
Laboratory on a Waters Synapt G2 (ESI) by Dr. Danijel Djukavic or Mr. Duk Yi. X-ray crystal structures were recorded using a Bruker D8
Quest Eco three circle goniometer platform equipped with a Bruker APEX-II CCD detector, a graphite monochromator was employed for
wavelength selection of the Mo Ka radiation (A = 0.71073 A), and the data were processed using APEX III software provided by Bruker.
Except as noted below, structures were solved by intrinsic phasing in SHELXT®® and refined by standard difference Fourier techniques with
SHELXL® within the OLEX27° software package. Hydrogen atoms were placed in calculated positions using the standard riding model and
refined isotropically except as noted below.

Dipivaloylmethane (1)

To a 250 mL oven-dried one-neck round bottom flask equipped with a stirbar and septum is charged sodium 1-terz-butylethenolate (9.70 g,
50 mmol) and toluene (50 mL). The contents are cooled in an icebath to 0°C, and then pivaloyl chloride (3.05 mL, 25 mmol) is added in a
single portion rapidly—dropwise addition results in ~60% yield. The contents are allowed to warmed to ambient over 16 hours. The vial is
opened and 1 M hydrochloric acid (5 mL) is added. The color transitions from clear red-orange to yellow. The contents are stirred vigorously
for about 15 minutes, allowed to settle, and the aqueous layer removed using a pipette. The organics are dried over sodium sulfate and
concentrated to a pale-yellow oil, which is further dried in vacuo (4.05 g, 88%). Crude material may be purified by distillation or isolation
as the copper(I]) salt.”! Spectroscopic data matches the previously reported (AIST, SDBS No.: 8580).

Sodium 1-fert-butylethenolate, THF adduct (4)

To an oven-dried 1000 mL one-neck round bottom flask equipped with a stirbar, addition funnel, and septum is charged sodium amide (24.4
g, 625 mmol) and tetrahydrofuran (250 mL). The flask is attached to a nitrogen manifold with adequate ventilation and heated to 40°C in an
oil bath. Pinacolone (50.1 g, 500 mmol) is added dropwise over 2 hours. The contents are then allowed to react for 10 hours, and then allowed
to cool to room temperature. Under an inert atmosphere, the grey suspension is diluted with diethyl ether (100 mL) and filtered through an
oven-dried, medium-porosity frit, and the solvent is removed in vacuo to afford a white powder, which is further dried overnight (77.7 g,
80%). The product may develop a yellow patina after several months under nitrogen, with little to no loss of potency. "H NMR (400 MHz,
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Benzene-ds) § 3.74 (s, 1H), 3.73 — 3.67 (m, 4H), 3.47 (s, 1H), 1.45 — 1.40 (m, 4H), 1.34 (s, 9H). 3C{'H} NMR (101 MHz, CsDs) 5 181.3,
128.3,128.1, 127.8, 69.5, 68.4, 38.0, 30.1, 25.6.

Sodium 1-(2,4,6-trimethylphenyl)ethenolate, THF adduct (6)

To an oven-dried 250 mL one-neck round bottom flask equipped with a stirbar, addition funnel, and septum is charged sodium amide (3.9
g, 100 mmol) and tetrahydrofuran (100 mL). The flask is attached to a nitrogen manifold with adequate ventilation and heated to 60 °C in
an oil bath. A solution of 2°,4°,6’-trimethylacetophenone (8.11 g, 50 mmol) is added dropwise over 1 hour. The contents are then heated to
60°C for 12 hours, and then allowed to cool to ambient. Large parallelepiped crystals form in the flask after reaching ambient temperature.
Under an inert atmosphere, the grey suspension is diluted with diethyl ether (100 mL) and filtered through an oven-dried, medium-porosity
frit, and the solvent is removed in vacuo to afford off-white microcrystalline material, which is further dried overnight (8.308 g, 65%). 'H
NMR (400 MHz, Benzene-ds) 6 6.84 (s, 2H), 4.10 (d, /= 1.1 Hz, 1H), 3.69 (d, J = 1.1 Hz, 1H), 3.52 — 3.35 (m, 4H), 2.57 (s, 6H), 2.20 (s,
3H), 1.44 — 1.29 (m, 4H). BC{'H} NMR (101 MHz, CsDs) § 170.4, 145.0, 134.4, 134.2, 128.3, 128.1, 128.1, 127.8, 78.0, 68.1, 25.6, 21.1,
20.5.

1-[2,6-Bis(2,4,6-trimethylphenyl)phenyl]-3-(2,4,6-trimethylphenyl)-propan-1,3-dione (7)

To an oven-dried 250 mL one-neck round bottom flask equipped with a stirbar and septum is charged sodium 1-(2,4,6-trime-
thylphenyl)ethenolate (4.8 g, 18.8 mmol), zinc bromide (6.32 g, 28.1 mmol), and toluene (50 mL). The flask is stirred and heated to 60°C in
an oil bath for 30 minutes, and then 2,6-bis(2,4,6-trimethylphenyl)-benzoyl chloride (2.35 g, 6.3 mmol) is added in one portion. The contents
are stirred for an additional 8 hours at 60°C, and then allowed to cool to room temperature. The flask is opened, 1 M hydrochloric acid (25
mL) is slowly added, followed by 5 M hydrochloric acid (25 mL), and the mixture is allowed to stir for 30 minutes. The color transitions
from clear red-orange to opaque yellow. The mixture is then transferred to a separatory funnel, allowed to settle, and separated. The organics
are concentrated to a thick, orange-colored oil and diluted with methanol (50 mL) is added, inducing precipitation of a fine powder. The
suspension is stored in an icebath for 1 hour, filtered, and dried in vacuo. The crude material is purified by column chromatography (1.5%
EtOAc/hexane isocratic) and obtained as a white, microcrystalline powder (2.2 g, 70%). m.p.: 215.7-216.8°C. '"H NMR (400 MHz, Chloro-
form-d) 6 15.49 (s, 1H), 7.62 (t, /= 7.6 Hz, 1H), 7.28 (d, /= 7.6 Hz, 2H), 7.01 (s, 4H), 6.88 (s, 2H), 5.40 (s, 1H), 2.42 (s, 6H), 2.36 (s, 3H),
2.18 (s, 11H), 1.97 (s, 6H). 3C{'H} NMR (101 MHz, CDCl3) & 191.6, 187.9, 139.2, 138.5, 137.3, 137.0, 136.8, 136.1, 134.5, 134.5, 129.7,
128.8,128.1, 128.0, 103.8,77.5,77.2,76.8,21.2,21.1,20.9, 18.6. IR (v, cm™): 2947, 2918, 2858, 1618, 1577, 1454, 1380, 1275, 1041, 929,
854, 817, 791, 769, 743, 679, 590, 568, 538. UV-Vis (Amax): 296 nm. HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C36H3902 503.2950;
Found: 503.2965

1-[2,6-Bis(2,4,6-trimethylphenyl)phenyl]-4,4-dimethylpentan-1,3-dione (8)

To an oven-dried 500 mL one-neck round bottom flask equipped with a stirbar and septum is charged sodium 1-fert-butylethenolate (30.9 g,
159.2 mmol), 2,6-bis(2,4,6-trimethylphenyl)-benzoyl chloride (20 g, 53.1 mmol), and toluene (150 mL). The flask is stirred and heated to
60°C in an oil bath for 4 hours, and then allowed to cool to room temperature. The flask is opened, 1 M hydrochloric acid (150 mL) is slowly
added, and the mixture is allowed to stir for 30 minutes. The color transitions from clear red-orange to yellow. The mixture is then transferred
to a separatory funnel, allowed to settle and separated, and the aqueous layer is washed with ethyl acetate (100 mL). The combined organics
are concentrated to a thick, orange-colored oil. 95:5 methanol/water (100 mL) is added and the mixture is triturated at 60°C for 15 minutes,
inducing precipitation of a fine powder. The suspension is then stored in an icebath for 1 hour. The resultant colorless crystals are filtered,
and dried in vacuo (21.63 g, 92%). Spectroscopic data matches the previously reported.®’

1-[2,6-Bis(2,4,6-trimethylphenyl)phenyl]-3-[2-(3,5-di-zer+-butylphenyl)phenyl]-propan-1,3-dione (9)

To an oven-dried 250 mL one-neck round bottom flask equipped with a stirbar and septum is charged sodium 1-[2-(3,5-di-fert-bu-
tylphenyl)phenyl]ethenolate (9.2 g, 21.07 mmol), 2,6-bis(2,4,6-trimethylphenyl)-benzoyl chloride (3.60 g, 9.58 mmol), and toluene (125
mL). The flask is stirred and heated to 60 °C in an oil bath for 16 hours, and then allowed to cool to room temperature. The flask is opened,
1 M hydrochloric acid (100 mL) is slowly added, and the mixture is allowed to stir for 30 minutes. The color transitions from clear red-
orange to opaque yellow. The mixture is then transferred to a separatory funnel, allowed to settle and separated, and the aqueous is washed
with toluene (50 mL). The combined organics are concentrated to a thick, orange-colored oil. 98:2 methanol/water (100 mL) is added and
the mixture is triturate at 60 °C for 15 minutes, inducing precipitation of a fine powder. The suspension is then stored in an ice bath for 1
hour, filtered, and recrystallized from minimal 1:1 diethyl ether/ethanol and dried in vacuo (4.5 g, 73%). m.p.: 205.0-206.5°C. '"H NMR (300
MHz, Chloroform-d) & 14.76 (s, 1H), 7.50 (dd, J=7.9, 7.3 Hz, 1H), 7.40 (td, J= 7.5, 1.3 Hz, 1H), 7.34 — 7.29 (m, 2H), 7.21 (td,J = 7.5, 1.4
Hz, 1H), 7.14 (d, J = 7.6 Hz, 2H), 7.00 (d, J = 1.8 Hz, 2H), 6.87 (s, 4H), 6.66 (dd, J = 7.8, 1.3 Hz, 1H), 5.42 (s, 1H), 2.30 (s, 6H), 2.01 (s,
12H), 1.25 (s, 18H). *C{'H} NMR (75 MHz, CDCl3) 5 188.3, 187.5, 150.2, 142.4, 140.2, 140.0, 137.6, 136.5, 136.4, 136.1, 135.9, 130.8,
130.3,129.9, 1294, 129.2, 128.0, 126.3, 123.0, 120.7, 103.1, 34.7, 31.5, 21.1, 20.6. IR (v, cm™"): 2959, 2921, 2865, 1596, 1581, 1451, 1428,
1365, 1271, 1245, 1212, 1037, 880, 854, 821, 776, 743, 720, 642, 571, 545. UV-Vis (Amax): 325 nm. HRMS (ESI-TOF) m/z: [M + H]+ Calcd
for C47H5302 649.4045; Found: 649.4047

1-[2,6-Bis(2,4,6-trimethylphenyl)phenyl]-3-(3,4,5-trimethoxyphenyl)-propan-1,3-dione (10)
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To an oven-dried 20 mL vial equipped with a stirbar and cap is charged sodium 1-(3,4,5-trimethoxyphenyl)ethenolate (1.35 g, 4.44 mmol),
2,6-bis(2,4,6-trimethylphenyl)-benzoyl chloride (0.55 g, 1.46 mmol), and toluene (5 mL). The vial is stirred and heated to 60°C in an oil
bath for 16 hours, and then allowed to cool to room temperature. The flask is opened, 5 M hydrochloric acid (2 mL) is slowly added, and the
mixture is allowed to stir for 30 minutes. The color transitions from clear red-orange to opaque yellow over 2 minutes. The mixture is then
transferred to a separatory funnel, allowed to settle, and separated, and the aqueous layer is washed with EtOAc (10 mL). The organics are
concentrated to a thick, orange-colored oil and diluted with methanol (50 mL) is added, inducing precipitation of a fine powder from a deep
red filtrate. The suspension is stored in an icebath for 1 hour, filtered, and dried in vacuo. The crude material is purified by trituation in
acetone and obtained as an off-white powder (0.52 g, 65%). m.p.: 220.5-222.6°C. '"H NMR (400 MHz, Chloroform-d) & 15.62 (s, 1H), 7.54
(t,J=17.6 Hz, 1H), 7.18 (d,J= 7.6 Hz, 2H), 6.88 (s, 4H), 6.72 (s, 2H), 5.69 (s, 1H), 3.90 — 3.85 (m, 9H), 2.27 (s, 6H), 2.08 (s, 12H). BC{'H}
NMR (101 MHz, CDCl3) 6 189.0, 183.4, 153.1, 141.6, 140.1, 137.6, 136.9, 136.7, 136.0, 131.0, 130.2, 129.4, 128.1, 104.3, 98.5, 77.5, 77.2,
76.8, 61.1, 56.3,21.2,20.9. IR (v, cm™1): 3000, 2940, 2921, 1581, 1503, 1462, 1413, 1380, 1335, 1238, 1186, 1171, 1130, 1000, 950, 855,
821, 791, 773, 736. UV-Vis (Amax): 351 nm. HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C36H3805Na 573.2617; Found: 573.2617

1-[2,6-Bis(2,4,5-trimethylphenyl)phenyl]-4,4-dimethylpentan-1,3-dione (11)

To an oven-dried 20 mL vial equipped with a stirbar and vial-cap is charged sodium 1-tert-butylethenolate (1.94 g, 10 mmol), 2,6-bis(2,4,5-
trimethylphenyl)-benzoyl chloride (1.13 g, 3 mmol), and toluene (7.5 mL). The flask is stirred and heated to 60°C in an oil bath for 8 hours,
and then allowed to cool to room temperature. The flask is opened, 1 M hydrochloric acid (2 mL) is slowly added, followed by 5 M hydro-
chloric acid (2 mL), and the mixture is allowed to stir for 30 minutes. The color transitions from clear red-orange to yellow. The mixture is
then transferred to a separatory funnel, allowed to settle, and separated. The organics are concentrated to a thick, orange-colored oil and
diluted with 98:2 methanol/water (2 mL) is added, inducing precipitation of a fine powder. The suspension is then stored in an icebath for 1
hour, filtered, and dried in vacuo. A second crop is obtained from the filtrates (716 mg, 54%). m.p.: 98.5-100.2°C. 'H NMR (400 MHz,
Chloroform-d) 6 14.93 (d, J=8.7 Hz, 1H), 7.44 (t, J="7.6 Hz, 1H), 7.24 (d, /= 7.6 Hz, 2H), 6.99 (s, 2H), 6.96 (s, 2H), 5.23 (s, 1H), 2.25 (s,
6H), 2.21 (s, 6H), 2.13 (s, 3H), 2.11 (s, 3H), 0.86 (s, 9H). *C{'H} NMR (101 MHz, CDCl3) § 198.5, 189.7, 189.5, 140.5, 138.2, 137 .4,
135.6, 133.1, 131.2, 131.2, 130.9, 129.2, 128.6, 128.5, 100.2, 100.0, 77.5, 77.2, 76.8, 38.8, 26.9, 19.7, 19.5, 19.5, 19.2. IR (v, cm!): 2970,
2921,2869, 1584, 1506, 1450, 1365, 1286, 1234, 1130, 1104, 1022, 880, 858, 832, 810, 784, 702, 676, 478. UV-Vis (Amax): 282 nm. HRMS
(ESI-TOF) m/z: [M + H]+ Calcd for C31H3702 441.2794; Found: 441.2797

1-[2,6-Bis(2,4,6-tri-iso-propylphenyl)phenyl]-4,4-dimethylpentan-1,3-dione (12)

To an oven-dried 100 mL one-neck round bottom flask equipped with a stirbar and septum is charged sodium 1-fert-butylethenolate (3.89 g,
20.1 mmol), 2,6-bis(2,4,6-tri-iso-propylphenyl)-benzoyl chloride (2.73 g, 5 mmol), and toluene (30 mL). The flask is stirred and heated to
60 C in an oil bath for 72 hours, and then allowed to cool to room temperature. The flask is opened, 1 M hydrochloric acid (50 mL) is slowly
charged, and the mixture is allowed to stir for 30 minutes. The color transitions from clear red-orange to yellow. The mixture is then trans-
ferred to a separatory funnel, allowed to settle and separated, and the aqueous layer is washed with diethyl ether (50 mL). The combined
organics are concentrated to a thick, orange-colored oil. 98:2 methanol/water (50 mL)is added and the mixture is triturated at 60 °C for 15
minutes, inducing precipitation of a fine powder. The suspension is then stored in an ice bath for 1 hour, filtered, and dried in vacuo. The
crude material is purified by column chromatography (gradient 0-0.5% Et2O/hexanes), and obtained as a white, microcrystalline powder
(2.3 g, 75%). m.p.: 144.6-146.9°C. '"H NMR (400 MHz, Chloroform-d) § 15.46 (s, 1H), 7.41 (t,J = 7.6 Hz, 1H), 7.19 (d, J = 7.6 Hz, 2H),
6.97 (s, 4H), 5.12 (s, 1H), 2.89 (hept, J = 6.9 Hz, 2H), 2.64 (hept, J = 6.8 Hz, 4H), 1.27 (d, J=7.0 Hz, 12H), 1.12 (d, /= 6.9 Hz, 12H), 1.07
(d, J=6.8 Hz, 16H), 0.76 (s, 9H). 3*C{'H} NMR (101 MHz, CDCl3) § 203.6, 184.1, 148.0, 146.4, 139.8, 136.4, 135.6, 130.1, 128.4, 120.7,
99.7,71.5,77.2, 76.8, 40.0, 34.4, 30.8, 27.1, 25.6, 24.2, 23.2. IR (v, cm™'): 2959, 2929, 2869, 1607, 1584, 1461, 1432, 1383, 1365, 1324,
1286, 1234, 1126, 1104, 1055, 944, 880, 854, 813, 769, 653, 478. UV-Vis (Amax): 282 nm. HRMS (ESI-TOF) m/z: [M + H]+ Calcd for
C43H6102 609.4672; Found: 609.4663.

1-[2,6-Bis(2,4,5-tri-iso-propylphenyl)phenyl]-3-[2-(3,5-di-fert-butylphenyl)phenyl]-propan-1,3-dione (13)

To an oven-dried 20 mL vial equipped with a stirbar and a vial-cap is charged sodium 1-[2-(3,5-di-fert-butylphenyl)phenyl]ethenolate (2.47
g, 7.47 mmol), 2,6-bis(2,4,6-tri-iso-propylphenyl)-benzoyl chloride (1 g, 1.87 mmol), and toluene (5 mL). The vial stirred and heated to
100°C in an oil bath for 72 hours, and then allowed to cool to ambient. The vial is opened and transferred to a separatory funnel. The mixture
is quenched with 1 M hydrochloric acid (30 mL) and diluted with 20 mL of ethyl acetate. The color transitions from clear red-orange to
opaque yellow when shaken. The aqueous is washed with ethyl acetate (10 mL). The combined organics are concentrated to a thick, orange-
colored oil. 95:5 methanol/water (30 mL) is added and the mixture triturated at 60 °C for 15 minutes, inducing precipitation of a fine powder.
The suspension is then stored in an ice bath for 1 hour, filtered, and recrystallized out of boiling methanol, filtered again, and washed with
cold methanol, then dried in vacuo to yield a white, microcrystalline powder (380 mg, 25%). m.p.: 229.5-231.1 °C. '"H NMR (400 MHz,
Chloroform-d) & 15.08 (s, 1H), 7.42 (t, J=7.6 Hz, 1H), 7.36 (td, J=7.5, 1.3 Hz, 1H), 7.29 — 7.24 (m, 2H), 7.19 (d, /= 7.6 Hz, 2H), 7.14
(td, J=17.6, 1.3 Hz, 1H), 7.02 (s, 4H), 6.99 (d, J = 1.8 Hz, 2H), 6.50 (dd, J="7.8, 1.4 Hz, 1H), 5.56 (s, 1H), 2.93 (hept, J= 6.9 Hz, 2H), 2.66
(hept, J= 6.7 Hz, 4H), 1.31 (d, J= 6.9 Hz, 12H), 1.21 (s, 18H), 1.09 (dd, J= 9.6, 6.8 Hz, 24H). 3C{'H} NMR (101 MHz, CDCl3) 5 189.1,
186.5, 150.1, 147.9, 146.5, 142.4, 140.0, 140.0, 136.7, 135.9, 135.6, 131.5, 130.5, 130.1, 129.9, 128.5, 126.4, 123.5, 120.8, 120.6, 104.3,
717.5,77.2,76.8,34.9,34.3,31.6,31.0, 25.7,24.2, 23.4. IR (v, cm™'): 2959, 2933, 2869, 1599, 1566, 1465, 1387, 1365, 1320, 1242, 1108,
880,772,720, 642,493. UV-Vis (Amax): 305 nm, 320 nm. HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C59H7702 817.5923; Found: 817.5920
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Bis[2-(3,5-di-tert-butylphenyl)benzoyl|methane (14)

To an oven-dried 20 mL vial equipped with a stirbar and septum is charged sodium amide (0.082 g, 2.00 mmol) and toluene (3 mL). The
vial and septum are affixed using copper wire and the vial is attached to a nitrogen manifold with adequate ventilation, and a solution of 2°-
(3,5-di-tert-butylphenyl)-acetophenone (0.339 g, 1.10 mmol) in toluene (1.1 mL) is added dropwise over 5 minutes. The contents are then
heated to 80 °C stirred for an additional 10 minutes, after which a solution of methyl 2-(3,5-di-tert-butylphenyl)-benzoate (0.292 g, 0.90
mmol) in toluene (0.9 mL) is added dropwise over 5 minutes. The vial stirred at 80 °C for 16 hours, and then cooled to ambient. The mixture
is quenched with 1 M hydrochloric acid (5 mL) and diluted with ethyl acetate (2 mL). The contents are allowed to stir for 30 minutes and
then transferred to a separatory funnel and the aqueous layer washed with ethyl acetate (2 x 2 mL). The combined organics are dried over
sodium sulfate and concentrated to a yellow powder. The crude material is purified by column chromatography (isocratic 2.5% EtOAc/hex-
anes) and obtained as a white powder (0.218 g, 36%). A similar yield is obtained when the reaction is carried out with the isolated enolate.
m.p.: 170.3-171.6°C. '"H NMR (400 MHz, Chloroform-d) 8 15.23 (s, 1H), 7.49 — 7.42 (m, 6H), 7.28 (ddd, ] =7.7, 6.7, 2.0 Hz, 2H), 7.20 (d,
J=1.8 Hz, 4H), 7.05 (ddd, J = 7.8, 1.3, 0.6 Hz, 2H), 5.41 (s, 1H), 1.32 (s, 36H). *C{'H} NMR (101 MHz, CDCl3) & 188.6, 150.9, 142.2,
139.9, 136.7, 130.6, 130.4, 128.9, 127.0, 123.7, 121.4, 104.7, 77.5, 77.2, 76.8, 35.1, 31.6. IR (v, cm™"): 2962, 2903, 2865, 1596, 1469, 1428,
1365, 1249, 1208, 1063, 1033, 951, 903, 884, 810, 772, 717, 612, 553. UV-Vis (Amax): 295 nm, 335 nm. HRMS (ESI-TOF) m/z: [M + H]+
Calcd for C43H5302 601.4045; Found: 601.4045

2,6-Bis(2,4,5-trimethylphenyl)benzoyl chloride (15)

To an oven-dried 500 mL one-neck round bottom flask equipped with a stirbar, condenser, addition funnel, and septum is charged magnesium
turnings (6.1 g, 250 mmol), tetrahydrofuran (200 mL), and 1,2-dibromoethane (0.5 mL, 5.7 mmol). The contents are heated to 60°C in an
oil bath and stirred for at least 3 hours, at which point 1 mL of a solution of 2,4,5-trimethylbromobenzene (25.0 g, 125 mmol) in tetrahydro-
furan (50 mL) is added through the addition funnel. After initiation of reaction, the heating is stopped, and the remainder of the solution is
added dropwise at a rate which maintains reflux of flask contents. The solution is then reheated to 60 °C for 12 hours, and then cooled to
ambient. The flask is capped with a fresh septum and stored until ready for use. To an oven-dried 500 mL two-neck round bottom flask
equipped with a stirbar, addition funnel, and septum is charged 1,3-dichlorobenzene (5.71 mL, 20 mmol) and tetrahydrofuran (100 mL). The
contents are cooled to —78 °C and n-butyllithium, 2.5 M in hexanes (20 mL, 50 mmol) is added dropwise over 30 minutes, forming a bright
yellow solution which turns into a white suspension. The contents are stirred an additional 30 minutes before adding the pre-formed Grignard
solution dropwise over several hours. Then the flask is allowed to warm to ambient, the addition funnel is replaced with a condenser, and
the contents are heated to 60 °C for at least 12 hours. The now red solution is sparged with carbon dioxide gas for several days, during which
it turns brown. After completion of the reaction (determined by "H NMR assay), the contents are cooled to ambient, slowly quenched using
1 M hydrochloric acid (100 mL) and 5 M hydrochloric acid (100 mL), and stirred vigorously for 30 minutes. The aqueous layer is separated
and washed with diethyl ether (50 mL), and the combined organics are concentrated to an oil and passed through a silica plug using 10%
ethyl acetate/hexane. The crude product is concentrated and dried in vacuo to remove traces of ethanol. To an oven-dried 250 mL one-neck
round bottom flask equipped with a stirbar, condenser, and septum is charged the crude product, dichloromethane (100 mL), thionyl chloride
(7.25 mL, 100 mmol), and pyridine (0.1 mL, 1.2 mmol). The contents are stirred and heated to reflux for at least 4 hours, cooled to ambient,
and washed with deionized water (50 mL). The organics are diluted with hexane, concentrated to remove dichloromethane, and cooled to 0
°C for at least 1 hour. The product is filtered, washed with hexanes, and dried in vacuo to yield an off-white powder (10.5 g, 56%). m.p.:
145-148°C (decomp. at 125 °C). "H NMR (400 MHz, Chloroform-d) & 7.50 (q, J= 7.5 Hz, 1H), 7.26 (d, J= 7.7 Hz, 2H), 7.08 (s, 1H), 7.06
(s, 1H), 7.04 (s, 1H), 7.00 (s, 1H), 2.29 (s, 6H), 2.27 (s, 3H), 2.26 (s, 3H), 2.20 (s, 3H), 2.13 (s, 3H). 3C{'H} NMR (101 MHz, CDCl3) §
169.0, 138.7, 138.5, 138.4, 136.7, 136.0, 135.9, 133.7, 133.6, 133.5, 131.6, 131.6, 131.2, 129.8, 129.5, 129.2, 77.5, 77.2, 76.8, 19.8, 19.6,
19.3. IR (v, ecm™): 3007, 2921, 2862, 1797, 1581, 1510, 1450, 1391, 1193, 1022, 1003, 884, 854, 769, 683, 616, 594, 475. UV-Vis (hmax):
275 nm. HRMS (ESI-TOF) m/z: [M — Cl]+ Calcd for C25H250 341.1900; Found: 349.1909

2,6-Bis(2,4,6-tri-iso-propylphenyl)benzoyl chloride (16)

To an oven-dried 500 mL one-neck round bottom flask equipped with a stirbar, condenser, addition funnel, and septum is charged magnesium
turnings (4.8 g, 200 mmol), tetrahydrofuran (200 mL), and 1,2-dibromoethane (0.5 mL, 5.7 mmol). The contents are heated to 60°C in an
oil bath and stirred for at least 3 hours, at which point 1 mL of a solution of 2,4,6-tri-iso-propylbromobenzene (28.3 g, 100 mmol) in tetra-
hydrofuran (10 mL) is added through the addition funnel. After initiation of reaction, the heating is stopped, and the remainder of the solution
is added dropwise at a rate which maintains reflux of flask contents. The solution is then reheated to 60°C for 48 hours, and then cooled to
ambient. The flask is capped with a fresh septum and stored until ready for use. To an oven-dried 500 mL two-neck round bottom flask
equipped with a stirbar, addition funnel, and septum is charged 2,6-dichloroiodobenzene (10.24 g, 37.5 mmol) and ethyl magnesium bromide,
0.9 M in tetrahydrofuran (42 mL). The contents are stirred for 1 hour before adding the pre-formed Grignard solution. The flask is allowed
to stir at ambient for at least 12 hours, the addition funnel is replaced with a condenser, and the contents are heated to 60 °C for at least 2
days. The now red solution is sparged with CO2 gas for several days, during which it turns brown. After completion of the reaction (deter-
mined by '"H NMR assay), the contents are cooled to ambient, diluted with diethyl ether (100 mL), slowly quenched using 1 M hydrochloric
acid (50 mL) and 5 M hydrochloric acid (50 mL), and stirred vigorously for 15 minutes. The aqueous layer is separated and washed with
diethyl ether (50 mL), and the combined organics are concentrated to a powder, triturated with ethanol, 95% (100 mL), and cooled to 0 °C
for at least 1 hour. The crude product is filtered and washed with ethanol, 95% and hexanes, and dried in vacuo to remove traces of ethanol.
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To an oven-dried 250 mL one-neck round bottom flask equipped with a stirbar, condenser, and septum is charged the crude product, di-
chloromethane (75 mL), thionyl chloride (3 mL, 41.3 mmol), and pyridine (0.1 mL, 1.2 mmol). The contents are stirred and heated to reflux
for at least 4 hours, cooled to ambient, and washed with DI water (50 mL). The organics are diluted with hexane, concentrated to remove
dichloromethane, and cooled to 0 °C for at least 1 hour. The product is filtered, washed with hexanes, and dried in vacuo to yield a white
powder (9.59 g, 47%). m.p.: 205-210 °C (decomp. at 190 °C). 'H NMR (400 MHz, Chloroform-d) § 7.49 (t, J = 7.7 Hz, 1H), 7.25 (d, J =
7.7 Hz, 2H), 7.04 (s, 4H), 2.93 (hept, J= 6.9 Hz, 2H), 2.59 (hept, J= 6.8 Hz, 4H), 1.30 (d, /= 6.9 Hz, 12H), 1.23 (d, /= 6.8 Hz, 12H), 1.07
(d, J=6.8 Hz, 12H). 3*C{'H} NMR (101 MHz, CDCl3) § 168.7, 149.2, 147.1, 146.6, 138.5, 137.1, 132.6, 129.8, 129.3, 128.0, 120.9, 120.6,
120.4,77.5, 77.2, 76.8, 34.4, 31.1, 31.1, 30.5, 26.0, 24.4, 24.3,24.2, 242, 22.7. IR (v, cm™!): 2959, 2933, 2869, 1793, 1610, 1573, 1461,
1383, 1365, 1190, 1175, 1108, 880, 858, 810, 772, 691, 653, 612, 497, 467. UV-Vis (Amax): 280 nm. HRMS (ESI-TOF) m/z: [M + Na]+
Calcd for C37H49CIO 567.3370; Found: 567.3369

2°-(3,5-Di-tert-butylphenyl)acetophenone (17)

Under an inert atmosphere, to an oven-dried 500 mL one-neck round bottom flask equipped with a stirbar and septum is charged potassium
carbonate (9.85 g, 71.24 mmol), bis(triphenylphosphino)palladium dichloride (0.250 g, 0.35 mmol, 1 mol%), and 3,5-di-tert-butylphenyl-
boronic acid’?. 3:1 tetrahydrofuran/water (90 mL) which has been sparged with nitrogen for 30 minutes is cannulated into the flask. The
contents are stirred for 15 minutes, while the formed solution transitions from yellow through red to dark brown. 2’-Bromoacetophenone
(4.80 mL, 35.6 mmol) is added via syringe, and the solution is heated to 60°C in an oil bath for 72 hours. The reaction progress may be
followed by TLC on silica plates (10% EtOAc/hexanes). The solution is then cooled to room temperature and poured into a separatory funnel
with 1 M hydrochloric acid (50 mL), and then washed with ethyl acetate (2 x 50 mL). The combined organics are dried over sodium sulfate,
and concentrated to a brown oil containing trace palladium black. The crude material is purified by column chromatography (isocratic 2.5%
EtOAc/hexanes) to yield a colorless to pale-yellow oil (9.2 g, 84%). "H NMR (400 MHz, Chloroform-d) & 7.56 — 7.49 (m, 2H), 7.47 — 7.43
(m, 2H), 7.41 (td, J = 7.4, 1.4 Hz, 1H), 7.19 (d, J = 1.8 Hz, 2H), 1.90 (s, 3H), 1.35 (s, 18H). 3C{'H} NMR (101 MHz, CDCls) § 205.7,
151.4,141.7,141.4,139.8,130.7, 130.1, 127.9, 127.3, 123.6, 121.8, 77.5, 77.2, 76.8, 35.1, 31.6, 30.4. IR (v, cm'): 2962, 2906, 2869, 1689,
1596, 1480, 1428, 1365, 1283, 1249, 1208, 903, 884, 761, 720, 642, 597, 571. UV-Vis (Amax): 255 nm, 293 nm. HRMS (ESI-TOF) m/z: [M
+ H]+ Calcd for C22H290 309.2218; Found: 309.2218

Methyl 2°-(3,5-di-zert-butylphenyl)benzoate (18)

Under an inert atmosphere, to an oven-dried 100 mL one-neck round bottom flask equipped with a stirbar and septum is charged potassium
carbonate (5.53 g, 40 mmol), bis(triphenylphosphino)palladium dichloride (0.140 g, 0.2 mmol, 1 mol%), and 3,5-Di-tert-butylphenylboronic
acid (4.9 g, 21 mmol). 3:1 tetrahydrofuran/water (50 mL) which has been sparged with nitrogen for 30 minutes is cannulated into the flask.
The contents are stirred for 15 minutes, while the formed solution transitions from yellow through red to dark brown. Methyl 2-bromoben-
zoate (2.8 mL, 20 mmol) is charged via syringe, and the solution is heated to 65°C in an oil bath for 72 hours. The reaction progress may be
followed by TLC on silica plates (10% EtOAc/hexanes). The solution is then cooled and poured into a separatory funnel with 1 M hydro-
chloric acid (70 mL), and then washed with ethyl acetate (2 x 25 mL). The combined organics are dried over sodium sulfate and concentrated
to a brown oil with trace palladium black. The crude material is purified by column chromatography (isocratic 2.5% EtOAc/hexanes) to yield
a colorless to pale-yellow oil (5.78 g, 89%). 'H NMR (400 MHz, Chloroform-d) § 7.77 — 7.72 (m, 1H), 7.55 — 7.50 (m, 1H), 7.46 — 7.43 (m,
1H), 7.42 — 7.37 (m, 2H), 7.18 (dd, J = 1.8, 0.6 Hz, 2H), 3.61 (d, J = 0.6 Hz, 3H), 1.36 (d, J = 0.7 Hz, 18H). *C{'H} NMR (101 MHz,
CDCl3) § 170.1, 150.6, 143.1, 140.3, 131.8, 131.1, 130.7, 129.4, 127.0, 122.8, 121.3, 77.5, 77.2, 76.8, 52.1, 35.0, 31.7. IR (v, cm!): 2955,
2906, 2869, 1726, 1599, 1480, 1432, 1365, 1294, 1271, 1249, 1193, 1126, 1100, 1070, 1044, 970, 877, 776, 761, 717, 679, 638, 575. UV-
Vis (Amax): 250 nm, 285 nm. HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C22H2802Na 347.1987; Found: 347.1983

Sodium 1-[2-(3,5-di-fer-butylphenyl)phenyl]ethenolate, THF adduct (19)

To an oven-dried 500 mL one-neck round bottom flask equipped with a stirbar, addition funnel, and septum is charged sodium amide (2.9
g, 74.6 mmol) and tetrahydrofuran (85 mL). The flask is attached to a nitrogen manifold with adequate ventilation and heated to 50°C in an
oil bath. A solution of 2’-(3,5-di-fert-butylphenyl)-acetophenone (11.5 g, 37.3 mmol) in tetrahydrofuran (85 mL) is added dropwise over 1
hour. The contents are then reacted for 4 hours, and then allowed to cool to room temperature. Under an inert atmosphere, the yellow sus-
pension is diluted with diethyl ether (50 mL) and filtered through an oven-dried, medium-porosity frit, and the solvent is removed in
vacuo. The yellow foam is further dried overnight, and then ground into a powder (12.46 g, 83%). 'H NMR (400 MHz, Benzene-ds) & 7.93
—17.76 (m, 1H), 7.71 (s, 2H), 7.54 — 7.42 (m, 2H), 7.41 — 7.25 (m, 2H), 3.82 (s, 1H), 3.52 (s, 1H), 3.50 — 3.42 (m, 4H), 1.40 — 1.37 (m, 4H),
1.36 (s, 9H). '*C NMR (101 MHz, CsDs) 8 170.36, 150.65, 146.18, 143.07, 140.05, 131.19, 128.81, 128.30, 128.06, 127.82, 127.23,
126.75, 123.73, 123.49, 120.65, 81.46, 67.89, 35.27, 35.23, 35.19, 31.81, 31.75, 31.68, 25.72.

Sodium 1-(3,4,5-trimethoxyphenyl)ethenolate, bis-THF adduct (20)

To an oven-dried 100 mL one-neck round bottom flask equipped with a stirbar, addition funnel, and septum is charged sodium amide (0.8
g, 20 mmol) and tetrahydrofuran (20 mL). The flask is attached to a nitrogen manifold with adequate ventilation and heated to 60°C in an
oil bath. A solution of 3°,4°,5’-trimethoxyacetophenone (2.10 g, 10 mmol) is added dropwise over 15 minutes. The contents are stirred at
60°C for 3 hours, and then allowed to cool to ambient, transitioning from a red solution to light yellow over 30 minutes. Under an inert
atmosphere, the grey suspension is diluted with diethyl ether (100 mL) and filtered through an oven-dried, medium-porosity frit, and the
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solvent is removed in vacuo to afford peach colored powder, which is further dried overnight (2.10 g, 69%). '"H NMR (400 MHz, Methylene
Chloride-d2) 6 7.20 (s, 2H), 3.89 (s, 6H), 3.84 (s, 2H), 3.72 — 3.63 (m, 8H), 2.56 (s, 3H), 1.86 — 1.76 (m, 8H). Material insufficiently soluble
to obtain the *C{'H} spectrum.

ACKNOWLEDGMENT

This work was funded by laboratory startup funds provided by the University of Colorado, Boulder, CO.

ASSOCIATED CONTENT

Supporting Information

Full characterization data, including '"H and '*C NMR, IR, UV-Vis, HRMS, and selected crystal structure data are
provided in the Supporting Information. This material is available free of charge via the Internet at

http://pubs.acs.org.

Accession Codes

CCDC 1892445—1892447 contain the supplementary crystallographic data for this paper. These data can be ob-

tained free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by emailing data_request@ccdc.cam.ac.uk, or
by contacting The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK, fax: +44

1223 336033.

AUTHOR INFORMATION

Corresponding Author

* michael.marshak@colorado.edu

Author Contributions

Experimental work was conducted by ASC, with additional work by ATL, JXS, ESA, and MPM. Crystallography
was conducted by SMK and MPM. The manuscript was prepared by ASC and MPM.

Notes

Any additional relevant notes should be placed here.

REFERENCES

€8 Neumann, S. M.; Kochi, J. K. Synthesis of Olefins. Cross-Coupling of Alkenyl Halides and Grignard Reagents Catalyzed by Iron Com-
plexes. J. Org. Chem. 1975, 40 (5), 599-606. https://doi.org/10.1021/j000893a013.

ACS Paragon Plus Environment


http://pubs.acs.org/
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk

Page 13 of 15 The Journal of Organic Chemistry

oNOYTULT D WN =

2) Fiandanese, V.; Miccoli, G. Stereospecific Synthess of Alkenyl Sulfides by Cross-Coupling Reactions of Secondary Alkyl Grignard Rea-
gents with Z- or E-1-Bromo-2-Phenylthioethene in the Presence of Transition Metal Catalysts. J. Organomet. Chem. 1986, 312 (3), 343-348.

3) Yanagisawa, A.; Nomura, N.; Yamamoto, H. Iron-Catalyzed Kharasch-Type Reaction Between Grignard Reagents and Allylic Phos-
phates. Highly Sn2 Selective Cross-Coupling Process. Synlett 1991, 1991 (7), 513-514.

“4) Firstner, A.; Leitner, A.; Méndez, M.; Krause, H. Iron-Catalyzed Cross-Coupling Reactions. J. Am. Chem. Soc. 2002, 124 (46), 13856—
13863. https://doi.org/10.1021/ja027190t.

(&) Struzinski, T. H.; von Gohren, L. R.; Roy MacArthur, A. H. Modified Cobalt(IT) Acetylacetonate Complexes as Catalysts for Negishi-
Type Coupling Reactions: Influence of Ligand Electronic Properties on Catalyst Activity. Transit. Met. Chem. 2009, 34 (6), 637-640.
https://doi.org/10.1007/s11243-009-9241-9.

6) Jones, J. R.; Symes, T. J. Linear Dimerisation of 1-Olefins Catalysed by Complexes of Nickel Beta-Diketonates and Aluminium Alkyls.
J. Chem. Soc. C Org. 1971, 1971 (0), 1124-1130.

(@) Clough, R. L.; Mison, P.; Roberts, J. D. Coupling of Nonequivalent Aromatic Rings by Soluble Nickel Catalysts. A General Route to the
1,8-Diarylnaphthalene. J. Org. Chem. 1976, 41 (13), 2252-2255.

®) Ullmann, F.; Bielecki, J. Ueber Synthesen in der Biphenylreihe. Berichte Dtsch. Chem. Ges. 1901, 34 (2), 2174-2185.
https://doi.org/10.1002/cber.190103402141.

9) Hurtley, W. R. H. CCXLIV.—Replacement of the Halogen in Ortho-Bromobenzoic Acid. J. Chem. Soc. Resumed 1929, 0, 1870-1873.

(10)  Nozaki, H.; Takaya, H.; Moriuti, S.; Noyori, R. Homogeneous Catalysis in the Decomposition of Diazo Compounds by Copper Chelates.
Tetrahedron 1968, 24 (9), 3655-3669. https://doi.org/10.1016/S0040-4020(01)91998-2.

(11)  Correa, A.; Garcia Manchefo, O.; Bolm, C. Iron-Catalysed Carbon—Heteroatom and Heteroatom—Heteroatom Bond Forming Processes.
Chem. Soc. Rev. 2008, 37 (6), 1108. https://doi.org/10.1039/b801794h.

(12)  Yan, Q.; Xiao, T.; Liu, Z.; Zhang, Y. Cobalt-Catalyzed Direct Amination of Arenes with Alkylamines via Bidentate-Chelation Assistance.
Adv. Synth. Catal. 2016, 358 (16), 2707-2711. https://doi.org/10.1002/adsc.201600282.

(13)  Ilies, L.; Matsubara, T.; Nakamura, E. Nickel-Catalyzed Synthesis of Diarylamines via Oxidatively Induced C-N Bond Formation at Room
Temperature. Org. Lett. 2012, 14 (21), 5570-5573. https://doi.org/10.1021/01302688u.

(14)  Shafir, A.; Buchwald, S. L. Highly Selective Room-Temperature Copper-Catalyzed C—N Coupling Reactions. J. Am. Chem. Soc. 2006,
128 (27), 8742-8743. https://doi.org/10.1021/ja063063b.

(15)  Takai, T.; Hata, E.; Yamada, T.; Mukaiyama, T. Aerobic Epoxidation of Olefinic Compounds Catalyzed by Tris(1,3-Diketonato)lron(I1I).
Bull. Chem. Soc. Jpn. 1991, 64 (8), 2513-2518. https://doi.org/10.1246/bcsj.64.2513.

(16)  Isayama, S.; Mukaiyama, T. Novel Method for the Preparation of Triethylsilyl Peroxides from Olefins by the Reaction with Molecular
Oxygen and Triethylsilane Catalyzed by Bis(1,3-Diketonato)Cobalt(Il). Chem. Lett. 1989, 18 (4), 573-576. https://doi.org/10.1246/c1.1989.573.

(17)  Isayama, S.; Mukaiyama, T. Hydration of Olefins with Molecular Oxygen and Triethylsilane Catalyzed by Bis(Trifluoroacety-
lacetonato)Cobalt(Il). Chem. Lett. 1989, 18 (4), 569-572.

(18)  Kumar, S.; Jain, S. L.; Sain, B. Metal Acetylacetonates as Highly Efficient and Cost Effective Catalysts for the Synthesis of Cyclic Car-
bonates from CO2 and Epoxides. Catal. Lett. 2012, 142 (5), 615-618. https://doi.org/10.1007/s10562-012-0803-7.

(19)  Burtoloso, A. C. Copper(Il) Acetylacetonate: An Inexpensive Multifunctional Catalyst. Synlett 2005, 2005 (18), 2859-2860.

(20) Lo, J. C.; Kim, D.; Pan, C.-M.; Edwards, J. T.; Yabe, Y.; Gui, J.; Qin, T.; Gutiérrez, S.; Giacoboni, J.; Smith, M. W_; Holland, P. L, Baran,
P. S. Fe-Catalyzed C-C Bond Construction from Olefins via Radicals. J. A4m. Chem. Soc. 2017, 139 (6), 2484-2503.
https://doi.org/10.1021/jacs.6b13155.

(21)  Bisz, E.; Szostak, M. Iron-Catalyzed C(Sp2)—C(Sp3) Cross-Coupling of Chlorobenzenesulfonamides with Alkyl Grignard Reagents: Entry
to Alkylated Aromatics. J. Org. Chem. 2019, 84 (3), 1640—1646. https://doi.org/10.1021/acs.joc.8b02886.

(22)  Jones, G. O.; Liu, P.; Houk, K. N.; Buchwald, S. L. Computational Explorations of Mechanisms and Ligand-Directed Selectivities of
Copper-Catalyzed Ullmann-Type Reactions. J. Am. Chem. Soc. 2010, 132 (17), 6205-6213. https://doi.org/10.1021/ja100739h.

(23)  Altman, R. A.; Buchwald, S. L. Cu-Catalyzed N - and O -Arylation of 2-, 3-, and 4-Hydroxypyridines and Hydroxyquinolines. Org. Lett.
2007, 9 (4), 643—646. https://doi.org/10.1021/01062904g.

(24)  Primer, D. N.; Molander, G. A. Enabling the Cross-Coupling of Tertiary Organoboron Nucleophiles through Radical-Mediated Alkyl
Transfer. J. Am. Chem. Soc. 2017, 139 (29), 9847-9850. https://doi.org/10.1021/jacs.7b06288.

(25)  O’Neill, P. M.; Hindley, S.; Pugh, M. D.; Davies, J.; Bray, P. G.; Park, B. K.; Kapu, D. S.; Ward, S. A.; Stocks, P. A. Co(Thd)2: A Superior
Catalyst for Aerobic Epoxidation and Hydroperoxysilylation of Unactivated Alkenes: Application to the Synthesis of Spiro-1,2,4-Trioxanes. Tetra-
hedron Lett. 2003, 44 (44), 8135-8138. https://doi.org/10.1016/j.tetlet.2003.09.033.

(26) Claisen, L. Ueber die Einfilhrung von Saureradicalen in Ketone. Berichte Dtsch. Chem. Ges. 1887, 20 (1), 655-657.
https://doi.org/10.1002/cber.188702001150.

(27)  Katritzky, A. R.; Wang, Z.; Wang, M.; Wilkerson, C. R.; Hall, C. D.; Akhmedov, N. G. Preparation of f§ -Keto Esters and /5 -Diketones by
C-Acylation/Deacetylation of Acetoacetic Esters and Acetonyl Ketones with 1-Acylbenzotriazoles. J. Org. Chem. 2004, 69 (20), 6617-6622.
https://doi.org/10.1021/j00492741.

(28)  Lim, D.; Fang; Zhou, G.; Coltart, D. M. Direct Carbon—Carbon Bond Formation via Soft Enolization: A Facile and Efficient Synthesis of
1,3-Diketones. Org. Lett. 2007, 9 (21), 4139-4142. https://doi.org/10.1021/01701599v.

(29)  Zhou, G.; Lim, D.; Coltart, D. M. Direct Carbon—Carbon Bond Formation via Chemoselective Soft Enolization of Thioesters: A Remark-
ably Simple and Versatile Crossed-Claisen Reaction Applied to the Synthesis of LY294002. Org. Lett. 2008, 10 (17), 3809-3812.
https://doi.org/10.1021/01801498u.

(30)  McElvain, S. M.; Weber, K. H. Acyl Exchanges between Esters and 1,3-Diketones and p-Keto-Esters. J. Am. Chem. Soc. 1941, 63 (8),
2192-2197. https://doi.org/10.1021/ja01853a047.

(31)  Adams, J. T.; Hauser, C. R. The Acylation of Methyl Ketones with Aliphatic Esters by Means of Sodium Amide. Synthesis of B-Diketones
of the Type RCOCH2COR. J. Am. Chem. Soc. 1944, 1220-1222. https://doi.org/10.1021/ja01235a045.

(32) Hauser, C. R.; Swamer, F. W.; Adams, J. T. The Acylation of Ketones to Form B-Diketones or f-Keto Aldehydes. In Organic Reactions;
John Wiley & Sons, Inc., Ed.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 1954; pp 59—196. https://doi.org/10.1002/0471264180.0r008.03.

(33) Kopecky, K. R.; Nonhebel, D.; Morris, G.; Hammond, G. S. Preparation of Dipivaloylmethane. J. Org. Chem. 1962, 27 (3), 1036-1037.
https://doi.org/10.1021/j001050a506.

(34)  Nandurkar, N. S.; Bhanushali, M. J.; Patil, D. S.; Bhanage, B. M. Synthesis of Sterically Hindered 1,3-Diketones. Synth. Commun. 2007,
37(23),4111-4115. https://doi.org/10.1080/00397910701572803.

(35) Hammond, G. S.; Nonhebel, D. C.; Wu, C.-H. S. Chelates of B-Diketones. V. Preparation and Properties of Chelates Containing Sterically
Hindered Ligands. /norg. Chem. 1963, 2 (1), 73-76. https://doi.org/10.1021/ic50005a021.

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry Page 14 of 15

(36)  Yamazaki, H.; Tsuyama, T.; Kobayashi, I.; Sugimori, Y. Preparation of Pb(Zr, Ti)Os Thin Films Using All Dipivaloylmethane Source
Materials by Metalorganic Chemical Vapor Deposition. Jpn. J. Appl.  Phys. 1992, 31 (Part 1, No. 9B), 2995-2997.
https://doi.org/10.1143/JJAP.31.2995.

(37) Berg, E. W.; Herrera, N. M. Fractional Sublimation of Various Metal Chelates of Dipivaloylmethane. Anal. Chim. Acta 1972, 60 (1), 117—
125. https://doi.org/10.1016/S0003-2670(01)81890-0.

(38)  Hinckley, C. C. Paramagnetic Shifts in Solutions of Cholesterol and the Dipyridine Adduct of Trisdipivalomethanatoeuropium(IIl). A
Shift Reagent. J. Am. Chem. Soc. 1969, 91 (18), 5160-5162. https://doi.org/10.1021/ja01046a038.

(39)  Yang, G.; Raptis, R. G. Synthesis, Structure and Properties of Tetrameric Gold(I) 3,5-Di-Tert-Butyl-Pyrazolate. Inorganica Chim. Acta
2003, 352, 98—-104. https://doi.org/10.1016/S0020-1693(03)00150-6.

(40) Zhang, C.; Yang, P.; Yang, Y.; Huang, X.; Yang, X.-J.; Wu, B. High-Yield Synthesis of 1,3-Dimesityl-Propane-1,3-Dione: Isolation of
Its Aluminum Complex as a Stable Intermediate. Synth. Commun. 2008, 38 (14), 2349-2356. https://doi.org/10.1080/00397910802138702.

(41)  Tronnier, A.; Heinemeyer, U.; Metz, S.; Wagenblast, G.; Muenster, 1.; Strassner, T. Heteroleptic Platinum( 11 ) NHC Complexes with a
CAC*  Cyclometalated Ligand — Synthesis, Structure and Photophysics. J. Mater. Chem. C 2015, 3 (8), 1680-1693.
https://doi.org/10.1039/C4TC02575J.

(42) Behal, A.; Auger, V. Sur quelques beta-dicetones symetriques de la serie aromatique. Memoires Present. Soc. Chim. 1893, 3 (3), 696—
704.

(43)  Zimmermann, T. Ringtransformationen heterocyclischer Verbindungen. III. Propan-1,3-dione aus 2,4,6-Triaryl-pyryliumsalzen und 1,5-
Diphenyl-pentan-1,3,5-trion. J. Fur Prakt. ChemieChemiker-Ztg. 1993, 335 (5), 479-481. https://doi.org/10.1002/prac.19933350517.

(44)  Zhang, J.; Yang, N.; Yang, L. Observation of 1,3-Diketones Formation in the Reaction of Bulky Acyl Chlorides with Methyllithium.
Molecules 2012, 17 (6), 6415-6423. https://doi.org/10.3390/molecules17066415.

(45)  Heller, S. T.; Natarajan, S. R. 1,3-Diketones from Acid Chlorides and Ketones: A Rapid and General One-Pot Synthesis of Pyrazoles.
Org. Lett. 2006, 8 (13), 2675-2678. https://doi.org/10.1021/01060570p.

(46) Beck, A. K.; Hoekstra, M. S.; Seebach, D. 1.3-Diketones by 1:1 Reactions of Li-Enolates with Acid Chlorides: Generation of Kinetic
Enolates with Mesityl Lithium. Tetrahedron Lett. 1977, 18 (13), 1187-1190. https://doi.org/10.1016/S0040-4039(01)92866-7.

(47)  House, H. O.; Auerbach, R. A.; Gall, M.; Peet, N. P. The Chemistry of Carbanions. XXII. C- vs. O-Acylation of Metal Enolates. J. Org.
Chem. 1973, 88 (3), 514-522. https://doi.org/10.1021/j0009432022.

(48)  Gompper, R. Relations between Structure and Reactivity of Ambifunctional Nucleophilic Compounds. Angew. Chem. Int. Ed. Engl. 1964,
3 (8), 560—570. https://doi.org/10.1002/anie.196405601.

(49) Linn, B. O.; Hauser, C. R. Synthesis of Certain -Diketones from Acid Chlorides and Ketones by Sodium Amide. Mono versus Diacylation
of Sodio Ketones with Acid Chlorides '. J. Am. Chem. Soc. 1956, 78 (23), 6066-6070. https://doi.org/10.1021/ja01604a032.

(50)  Ugrinova, V.; Noll, B. C.; Brown, S. N. Mononucleating Bis(B-Diketonate) Ligands and Their Titanium(IV) Complexes. Inorg. Chem.
2006, 45 (25), 10309-10320. https://doi.org/10.1021/ic061201s.

(51)  Schroeder, T.; Ugrinova, V.; Noll, B. C.; Brown, S. N. A Chelating B-Diketonate/Phenoxide Ligand and Its Coordination Behavior toward
Titanium and Scandium. Dalton Trans. 2006, No. 8, 1030—1040. https://doi.org/10.1039/B511915D.

(52)  Jones, C.; Waugh, M. Synthesis and Structural Characterization of a Terphenyl Substituted Phosphaalkyne, PC{C6H3(C6H2Me3-2,4,6)2-
2,6}. J. Organomet. Chem. 2007, 692 (22), 5086-5090. https://doi.org/10.1016/j.jorganchem.2007.07.021.

(53) Power, P. P. Stable Two-Coordinate, Open-Shell (d ! —d ° ) Transition Metal Complexes. Chem. Rev. 2012, 112 (6), 3482-3507.
https://doi.org/10.1021/cr2004647.

(54) Fox, B. J.; Sun, Q. Y.; DiPasquale, A. G.; Fox, A. R.; Rheingold, A. L.; Figueroa, J. S. Solution Behavior and Structural Properties of
Cu(I) Complexes Featuring m-Terphenyl Isocyanides. Inorg. Chem. 2008, 47 (19), 9010-9020. https://doi.org/10.1021/ic8010986.

(55) Bukhryakov, K. V.; Schrock, R. R.; Hoveyda, A. H.; Miiller, P.; Becker, J. Synthesis of 2,6-Hexa-Tert-Butylterphenyl Derivatives, 2,6-
(2,4,6-t-Bu3C6H2)2C6H3X, Where X = I, Li, OH, SH, N3, or NH2. Org. Lett. 2017, 19 (10), 2607-2609. https://doi.org/10.1021/acs.or-
glett.7b01062.

(56) Barnett, B. R.; Mokhtarzadeh, C. C.; Figueroa, J. S.; Lummis, P.; Wang, S.; Queen, J. D.; Gavenonis, J.; Schiiwer, N.; Tilley, T. D.;
Boynton, J. N.; Power, P. P.; Ditri, T. B.; Weidemann, N.; Agnew, D. W.; Smith, P. W.; Carpenter, A. E.; Pratt, J. K.; Mendelson, N. D. TERPHENYL
LIGANDS AND COMPLEXES. In Inorganic Syntheses; Power, P. P., Ed.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2018; pp 85-122.
https://doi.org/10.1002/9781119477822.chS.

(57)  Akturk, E. S.; Scappaticci, S. J.; Seals, R. N.; Marshak, M. P. Bulky B-Diketones Enabling New Lewis Acidic Ligand Platforms. /norg.
Chem. 2017, 56 (19), 11466—11469. https://doi.org/10.1021/acs.inorgchem.7602077.

(58)  Mindiola, D. J. Nacnac ... Are You Still There? The Evolution of B-Diketiminate Complexes of Nickel. Angew. Chem. Int. Ed. 2009, 48
(34), 6198-6200. https://doi.org/10.1002/anie.200901400.

(59) Radwan, Y. K.; Maity, A.; Teets, T. S. Manipulating the Excited States of Cyclometalated Iridium Complexes with f-Ketoiminate and -
Diketiminate Ligands. Inorg. Chem. 2015, 54 (14), 7122713 1. https://doi.org/10.1021/acs.inorgchem.5b01401.

(60)  Chen, C.; M. Bellows, S.; L. Holland, P. Tuning Steric and Electronic Effects in Transition-Metal B-Diketiminate Complexes. Dalton
Trans. 2015, 44 (38), 16654-16670. https://doi.org/10.1039/C5DT02215K.

(61) Harwood, L. M.; Houminer, Y.; Manage, A.; Seeman, J. I. Efficient Preparation of Enol Carbonates by Selective O- Acylation of Ketone
Sodium Enolates Generated in the Presence of TMEDA. Tetrahedron Lett. 1994, 35 (43), 8027-8030. https://doi.org/10.1016/0040-4039(94)80040-
5.

(62) Claisen, L.; Claparéde, A. Condensationen von Ketonen mit Aldehyden. Berichte Dtsch. Chem. Ges. 1881, 14 (2), 2460-2468.
https://doi.org/10.1002/cber.188101402192.

(63)  Schmidt, J. G. Ueber die Einwirkung von Aceton auf Furfurol und auf Bittermandeldl bei Gegenwart von Alkalilauge. Berichte Dtsch.
Chem. Ges. 1881, 14 (1), 1459-1461. https://doi.org/10.1002/cber.188101401306.

(64)  Shirley, D. A. The Synthesis of Ketones from Acid Halides and Organometallic Compounds of Magnesium, Zinc, and Cadmium. In
Organic Reactions; American Cancer Society, 2011; pp 28-58. https://doi.org/10.1002/0471264180.0r008.02.

(65) Hayler, J. D.; Leahy, D. K.; Simmons, E. M. A Pharmaceutical Industry Perspective on Sustainable Metal Catalysis. Organometallics
2018, 38 (1), 36-46. https://doi.org/10.1021/acs.organomet.8b00566.

(66)  Sears, J. D.; Neate, P. G. N.; Neidig, M. L. Intermediates and Mechanism in Iron-Catalyzed Cross-Coupling. J. Am. Chem. Soc. 2018, 140
(38), 11872-11883. https://doi.org/10.1021/jacs.8b06893.

(67)  Akturk, E. S.; Scappaticci, S. J.; Seals, R. N.; Marshak, M. P. Bulky B-Diketones Enabling New Lewis Acidic Ligand Platforms. /norg.
Chem. 2017, 56 (19), 11466—11469. https://doi.org/10.1021/acs.inorgchem.7b02077.

ACS Paragon Plus Environment



Page 15 of 15 The Journal of Organic Chemistry

oNOYTULT D WN =

(68)  Sheldrick, G. M. SHELXT — Integrated Space-Group and Crystal-Structure Determination. Acta Crystallogr. Sect. Found. Adv. 2015, 71
(1), 3-8. https://doi.org/10.1107/S2053273314026370.

(69)  Sheldrick, G. M. Crystal Structure Refinement with SHELXL. Acta Crystallogr. Sect. C Struct. Chem. 2015, 71 (Pt 1), 3-8.
https://doi.org/10.1107/S2053229614024218.

(70)  Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. a. K.; Puschmann, H. OLEX2: A Complete Structure Solution, Refinement
and Analysis Program. J. Appl. Crystallogr. 2009, 42 (2), 339-341. https://doi.org/10.1107/S0021889808042726.

(71)  Hammond, G. S.; Nonhebel, D. C.; Wu, C.-H. S. Chelates of B-Diketones. V. Preparation and Properties of Chelates Containing Sterieally
Hindered Ligands. /norg. Chem. 1963, 2 (1), 73-76. https://doi.org/10.1021/ic50005a021.

(72)  Schoébel, A.; Herdtweck, E.; Parkinson, M.; Rieger, B. Ultra-Rigid Metallocenes for Highly Iso- and Regiospecific Polymerization of
Propene: The Search for the Perfect Polypropylene Helix. Chem. - Eur. J. 2012, 18 (14), 4174—4178. https://doi.org/10.1002/chem.201103547.

ACS Paragon Plus Environment



