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ABSTRACT: We describe a concise synthesis

the pseudo

dimeric tetrahydroisoqunoline alkaloid

(5,S)-tetramethylmagnolamine by a catalytic aerobic desymmetrization of phenols. Desymmetrization reactions increase
molecular complexity with high levels of efficiency, but those that do so by aerobic oxidation are uncommon. Our conditions
employ molecular oxygen as an oxygen atom transfer agent and a formal acceptor of hydrogen, enabling two, mechanistical-

ly distinct aromatic C-H oxygenation reactions with high degrees of selectivity.

Molecular oxygen (02) is an attractive reagent for chemi-
cal synthesis (Figure 1A).! It is renewable and non-toxic,
and its reduction to water (H20) provides a strong ther-
modynamic driving force that can offset otherwise chal-
lenging bond forming reactions. Despite these advantages,
02 can be difficult to use when oxidizing C-H bonds in
complex molecules, where issues of chemo and regioselec-
tivity outweigh synthetic efficiency.? Oz has a small steric
profile, a non-canonical 4 e | 4 H* redox stoichiometry and
a triplet electronic structure.? These factors often lead to
radical chain processes that can be difficult to control
when potential sites of oxidation are not electronically
differentiated.*

To overcome these challenges, our group has adopted a
bio-inspired strategy of utilizing Oz that is inspired by
metalloenzymes (Scheme 1A).56 By coordinating O: to
transition metals within their active sites, metalloenzymes
can exert control over aerobic oxidations by defining the
coordination environment surrounding the metal
center.'21>7 Qur group has been particularly interested in
the type III Cu-enzyme tyrosinase (Scheme 1B), which cat-
alyzes the aerobic oxygenation of L-tyrosine in the first
and rate limiting step of melanogenesis (not shown).?
Building upon bioinorganic studies of Stack and others,*1°
our group showed that the enzyme’s mechanism of O acti-
vation and oxygen atom transfer (OAT) could be recreated

by a simple and commercially available catalytic system,
composed of Cu(CH3CN)s(PFs) (abbreviated CuPFes) and
N,N’-di-tert-butylethylene diamine (DBED).!! When ap-
plied to the oxidation of simple para-substituted phenols,
this system catalyzes ortho-C-H oxygenation through a
series of discrete steps consisting of: (Step 1) activation of
02 as its di-Cu-(I1I) p-m? m? peroxo complex (P), (Step 2)
coordination of a phenolate and (Step 3) electrophilic aro-
matic substitution onto the Cuz02 core. While these dis-
crete steps replicate those of the enzyme, the fate of the
ensuing bridged di-Cu-(II)-catecholate (Cuz-Cat) differs
between the two systems. Whereas tyrosinase releases a
free ortho-quinone (Q1) following (Step 4) protonation of
the hydroxide bridge and (Step 5a) redox between the lig-
and and the metal centers, the synthetic system releases a
Cu-(II)-semi-quinone radical complex (SQ) (Step 5b). The
ensuing oxidative C-O coupling with the starting phenol is
rate determining (Step 6), and provides the corresponding
substituted ortho-quinone product (Q2) while releasing
DBED-Cu-(I) to close the catalytic cycle.!? 02 serves
multiple roles over the course of this reaction. The first is
as a reagent for OAT that reduces the Czv symmetry of the
phenol to the Cs symmetry of either quinone (enzymatic)
or SQ (biomimetic system). This disctinction is important,
since the retention of Cu in the SQ forces the biomimetic
system to engage another equivalent of the starting phenol
in a C-0 coupling. This step is distinct from the first OAT,
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Scheme 1. A) Bio-inspired strategies for the utilization of
02. B) Biomimetic aerobic oxidation of phenol.

and ensures that the starting material is consumed in two
distinct processes over the course of the reaction. C-O
bond formation is driven by the favorable reduction of %
03, highlighting its second role as a formal acceptor of Ho.

Herein, we wish to describe the application of this cata-
lytic aerobic process to the synthesis of the pseudo-
symmetric tetrahydroisoquinoline (THIQ) alkaloid (S,S)-
tetramethylmagnolamine (1) (Scheme 2A). 1 is a member
of the diaryl ether sub-family of THIQs, which encompass a
number of structurally unique and biologically active
members.!3 Amongst them are the well-known macrocyclic
diaryl ether tubocurarine (4),* which is a potent muscle
relaxant, and the chemotherapeutic (S,S)-thalicarpine
(3).*> The family members share defining diaryl ethers,
typically linking two, electron rich aromatic rings. They
also possess two, basic amine functionalities separated by
~14 A, which are believed to be protonated at physiologi-
cal pH. This has become a defining structural feature of
many simple, neuromuscular relaxants, which contain

quaternized ammonium cations separated by ~10 carbon
atoms.1®

While this sub-family of THIQs has been extensively
studied, questions remain about their biosynthesis, and
how the associated oxidases create the defining diaryl
ethers (Scheme 2B).132 Free radical reactions of phenoxyl
radicals favor C-C instead of C-O bond formation, reflecting
the favorable localization of spin density on the less elec-
tronegative carbons of the aromatic ring.!c!? Little is
known about how these enzymes change selectivity to
promote C-O bond formation, and to what extent the metal
center is involved in the bond forming event. This under-
scores a more general challenge of using phenols in oxida-
tive C-O bond forming reactions, since it is easy to trigger
competitive free-radical pathways that erode selectivity.
Instead, more commonly practiced aryl ether syntheses
are isohypsic, including Ullman or Buchwald-Hartwig cross
coupling reactions that employ an oxidized aromatic halide
as the coupling partner (Scheme 2C).1® Cross-coupling re-
actions of this family have been extensively studied, but
their persistent use of stoichiometric base and elevated
reaction temperatures makes them capricious in complex
molecule settings. This includes the formation of the diaryl
ether in (S,5)-tetramethylmagnolamine (1),'° which was
synthesized by Opatz in 50% yield from phenol 9 and aryl
bromide 10 under Ma’s optimized conditions?? for catalytic
Ullman-type coupling.

Recognizing that 1 possesses an element of hidden
symmetry, we questioned whether our conditions for di-
aryl-ether formation could be used for its direct synthesis
from 11 (Scheme 2C). This would feature a catalytic aero-
bic desymmetrization that could shorten the overall step
count by requiring the preparation of only a single cou-
pling partner. It would also offer a rare example of aerobic
desymmetrization, in which an atom of Oz is incorporated
into the produdct.?! Herein, we describe the successful
execution of this plan, and report a concise and high yield-
ing synthesis of 1 along these lines.

To investigate our proposed key step, we developed an
asymmetric synthesis of Boc-protected THIQ (17), in-
spired by the precedent of Noyori (Scheme 3).22 Namely,
amidation of 12 and 13 at elevated temperatures without
solvent, followed by a Bischler-Napieralski cyclization set
the stage for Noyori’s asymmetric hydrogenation.?? This
introduced the benzylic stereocenter in 94% e.e. over a 3-
step sequence that could be run on multi-gram scale in
70% yield. Despite our efforts to use free amine 16 or its
methyl-substituted derivative (not shown) in the subse-
quent aerobic catalysis, these substrates afforded intracta-
ble mixtures at complete consumption of the starting ma-
terial. Therefore, we advanced the synthesis by Boc-
protection to afford 17 before conducting the key step.
Under our previously optimized conditions,®? aerobic oxi-
dative coupling is complete within 4 h at room tempera-
ture using an applied pressure of Oz (1 atm). The catalyst
system is composed of 4 mol% CuPFs and 5 mol% of DBED
in CH2Cl2. While ortho-quinone 19 is the immediate prod-
uct of coupling, we use a reductive work-up, consisting of a
saturated aqueous solution of sodium dithionite (Na2S204),
to effect in situ reduction. This leads to the corresponding
coupled catechol 20 in a 60% isolated yield on 400 mg
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Scheme 2. A) Tetrahydroisoquinoline alkaloids with diarylether linkages. B) Proposed biosynthesis of the diarylether link-
ages. C) Previous synthesis of (S,5)-tetramethylmagnolamine and this work.

scale. Notably, the yield of this process improves to 75%
when conducted in the presence of 44 M.S., highlighting
the beneficial effects of running these reactions in the
presence of a desiccant.l’”? Subsequent methylation of the
catechol and reduction of the N-Boc groups under standard
conditions furnished (S,S)-tetramethylmagnolamine (1) in
a longest linear sequence (LLS) of 7 steps that proceeded
in 21% overall yield. This compares favorably to the only
previous synthesis of 1 by Opatz (Scheme 2C), which re-
quired 16 total steps and a LLS of 8 steps that proceeded in
14% overall yield.’® Our route takes advantage of the tar-
get’s pseudo symmetry, and forms the key aryl ether link-
age at room temperature by selectively oxidizing two aro-
matic C-H bonds of one equivalent of the starting material
and the phenol O-H on another. Because O: is the terminal
reductant, H20 is the only stoichiometric byproduct of the
reaction.

In conclusion, we have described an asymmetric total
synthesis of (S,5)-tetramethylmagnolamine (1) that fea-

tures a catalytic aerobic desymmetrization of phenols. De-
spite many of its attributes, Oz remains underutilized in
complex molecule synthesis, due, in part, to persistent
challenges of controlling selectivity. Our work highlights
the beneficial effects of bioinspired metal-coordination in
overcoming this challenge, and also highlights the unique
reactivity of Cu in catalyzing C-O bond formation during
phenolic oxidation. We see many opportunities to extend
this chemistry to other diaryl ether targets, including addi-
tional members of the THIQ-ether sub-family, and work
towards this goal will be reported in due course.
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1. General Experimental

Purchasing and purification of reagents:

Chemicals and solvents were purchased from Sigma Aldrich, Alfa Aesar, Strem Chemicals, TCl or Oakwood, and used
as received without further purification. [Cu(MeCN)a](PFs) (97%) was purchased from Sigma Aldrich, and stored under an
inert atmosphere. Solvents were dried and purified using a PureSolv MD 7 (from Innovative Technology) or MB SPS 800
(from MBraun). We have not observed differences in the reaction outcome using either of these solvent purifiers. Unless
otherwise noted, solvent was degassed by sparging N> for 10 min at rt prior to use. Molecular sieves (4 A, powdered and
“activated”) were purchased from Sigma Aldrich and were flame-dried with a torch in the reaction vessel immediately
prior to use.

Acquisition and analysis of NMR data:

Proton nuclear magnetic resonance (*H NMR) spectra were acquired using Bruker Ascend 500 MHz or 400 MHz
spectrometers. Chemical shifts (6) are reported in parts per million (ppm) and are calibrated to the residual solvent peak.
Coupling constants (J) are reported in Hz. Multiplicities are reported using the following abbreviations: s = singlet; d =
doublet; t = triplet; q = quartet; br = broad; m = multiplet (range of multiplet is given). Carbon nuclear magnetic resonance
(3C NMR) spectra were acquired using Bruker Ascend 126 MHz or 101 MHz spectrometers. Chemical shifts (8) are
reported in parts per million (ppm) and are calibrated to the residual solvent peak.

Additional information:

High resolution mass spectra (HRMS) were recorded using a Bruker maXis Impact TOF mass spectrometer by
electrospray ionization time of flight reflectron experiments. ourier-transform infrared (FT-IR) spectra were recorded on
a Bruker Alpha FT-IR spectrometer. Optical rotations were recorded on a Perkin—Elmer 341 polarimeter (using the sodium
D line; 589 nm). High performance liquid chromatography (HPLC) was measured on an Agilent 1200 Infinity Series HPLC
system. Analytical thin-layer chromatography was performed on pre-coated 250 mm layer thickness silica gel 60 F254
plates (EMD Chemicals Inc). Visualization was performed by ultraviolet light and/or by staining with potassium
permanganate or cerium molybdate. Purifications by column chromatography were performed using standard column
chromatography using silica gel (40-63 um, 230-400 mesh). All reactions that utilize molecular oxygen (02) were

performed with an applied pressure at 1.0 atm in Radley tubes.
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2. Synthesis and Characterization of compounds in Scheme 3
Compound 14
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OMe
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12 13 4 Owme

Chemical Formula: CgHgO3 Chemical Formula: C1gH15NO, Chemical Formula: C4gH21NO4
Molecular Weight: 152.1473 Molecular Weight: 181.2316 Molecular Weight: 315.3636

Procedure: A 100 mL flame-dried high-pressure tube equipped with a Teflon-coated stir bar and a threaded screw cap
was charged with 4-hydroxyphenylacetic acid (12 ) (50 mmol, 7.61 g, 1.0 equiv) and 3, 4-dimethoxyphenethylamine (13)
(50 mmol, 8.44 mL, 1.0 equiv). The mixture was purged with N2 for 5 min, prior to sealing the reaction vessel and heating
to 200 °C in a pre-heated oil bath for 2h. The reaction mixture was then cooled to room temperature, the mixture was
dilute with CH2Cl2 (100 mL), and poured onto HCl (1 M, 100 mL), and washed with CH2Clz (3 x 100 mL). The combined
organic layers were washed with saturated NaHCOs (100 mL), brine (50 mL) and dried over MgSQa. The organic layer was
filtered and concentrated in vacuo to provide 14 (14.4 g, 45.5 mmol, 91%) as a tan solid, which was used for the next step
without further purification.

Characterization:

'H NMR (500 MHz, CDCl3) 6 6.99 (d, J = 8.5 Hz, 2H), 6.76 (d, J = 8.5 Hz, 2H), 6.74 (d, J = 8.2 Hz, 1H), 6.60 (d, J = 1.9 Hz, 1H),
6.55 (dd, /=8.1, 2.0 Hz, 1H), 5.41 (br s, 1H), 3.86 (s, 3H), 3.82 (s, 3H), 3.49 —3.40 (m, 4H), 2.68 (t, J = 6.9 Hz, 2H); *3C NMR
(126 MHz, CDCl3) 6 171.9, 155.5, 149.2, 147.8,131.2, 130.8, 126.4, 120.8, 116.1, 112.0, 111.6, 56.1, 56.0, 43.0, 40.9, 35.1.

Our characterization data matches literature reports.!
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Compound 16

HO OH
POCI; (6 equiv)
MeCN, reflux, 1h
o NH —_— H H
then N
Phy 8

N, Ci
S N,RU\ < Me
OMe Ph® H, > MeO
OMe ; OMe

iPr
14 15 (0.2 mol%) 16
Chemical Formula: C1gH21NO4 HCOLH/NEL Chemical Formula: C1gH24NO3
Molecular Weight: 315.3636 DMFzrt 12h3 Molecular Weight: 299.3642

78%, 94% e.e.

Procedure: A 500 mL flame-dried round-bottom flask equipped with a Teflon-coated stir bar was charged 14 (30 mmol,
9.46 g, 1.0 equiv) and dry and degassed MeCN (150 mL). POCIz (180 mmol, 16.83 mL, 6.0 equiv) was then slowly added
to the mixture via syringe, and the resulting reaction mixture was refluxed for 1h. The reaction mixture was then cooled
to room temperature, and all volatile compounds were removed at reduced pressure. Water (150 mL) was then added,
and the resulting mixture was refluxed for another 2h. The flask was then cooled to 0 °C in an ice bath, and an aqueous
solution of NaOH (2M, 150 mL) was added slowly to neutralize the reaction mixture. The reaction pH was further adjusted
to pH 7-8 with saturated NaHCOs or 1 M HCI, at which point the intermediate imine precipitated as a yellow to brown
solid. The solid was then separated by filtration, and the filtrate was washed with CH2Clz (3 x 100 mL). The combined
organic layers were dried over NazSO;, filtered and concentrated in vacuo. The two sources of imine were then combined,
and used for the reduction without further purification. A 250 mL flame-dried round-bottom flask equipped with a Teflon-
coated stir bar and a rubber septa was charged with the crude imine and (R, R)-Ru(Ts-DPEN)(p-cymene)Cl (15, 38.2 mg,
0.06 mmol, 0.2 mol%). The reaction vessel was then evacuated and backfilled with N2 (3 x) before adding a 5:2 molar
mixture of HCO2H and NEts (7.5 mL) and dry and degassed DMF (30 mL) via syringe. The mixture was stirred at room
temperature (ca. 23 °C) for 12h. The mixture was then poured onto saturated NaHCO3 (150 mL) and washed with CH:Cl>
(3 x 150 mL). The combined organic layers were then washed with water (200 mL), brine (100 mL) and dried over Na2SOa.
The organic layer was then filtered and concentrated in vacuo. The crude mixture was purified by column chromatography
on silica gel (CH2Cl2:MeOH 20:1 to 5% NEts in CH2Cl2:MeOH 5:1) to provide 16 (7.02 g, 23.4 mmol, 78%, 94% e.e.) as a
green solid.

Characterization:

1H NMR (500 MHz, CDCl3) § 6.96 (d, J = 8.2 Hz, 2H), 6.62 (d, J = 8.1 Hz, 2H), 6.56 (s,1H), 6.55 (s,1H), 6.45 (br s, 2H), 4.15
(dd, J=7.7, 5.0 Hz, 1H), 3.81 (s, 3H), 3.76 (s, 3H), 3.29 — 3.16 (m, 1H), 3.08 (dd, J = 13.6, 4.0 Hz, 1H), 3.01 — 2.85 (m, 2H),
2.82-2.68 (m, 2H); 3C NMR (126 MHz, CDCls) 6 155.9, 147.6, 147.1, 130.3, 128.7, 128.3, 126.3, 116.0, 111.6, 109.6, 56.4,
55.9, 55.7, 41.1, 39.6, 28.3. HPLC (chiralcel OD-H analytical column, eluent 0.1% HNEt: in 4:6 'PrOH:hexanes, 1 mL/min)
tr 5.5 min (major), 7.0 min (minor), 94% e.e.. [a]®p -23°, (c = 1.0, CHCls), [lit. -24°, (c = 0.2, CHCl3)]. Our characterization

data matches literature reports.?
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HPLC of the racemic mixture:

DADA B, SigeZ84 4 Refeoll (ZHENGXCI0D1-0ZT 2016-06-22 18-06-46.0)

Peak RetTime Type Width Area Height Area
#  [min] [min] [maU=s] [mal] %
1 5.534 MM 8.3171 1.51558e4 796.68956 58.5194
2 7.846 MM B.4966 1.48434e4 498.16376 49.4886

Totals : 2.99984e4 1294.77332

HPLC of the chiral product (94% e.e.):

DAD1 B, Sig=284 4 Ref=cff (ZHENG\DEF_LC1 2016-06-22 18-19-13W005-0401.D)

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAL] %

1 5.445 MM ©.3322 3.331@0e4 1671.12385 96.9912
2 7.283 MM ©.4965 1833.33008 34.68862 3.0088

Totals : 3.43434e4 1705.81167
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Compound 17

OH OH
Boc,0 (1.1 equiv) Boc
N ———
MeOH, rt, 12h
O 89% O
MeO MeO

OMe OMe

16 17

Chemical Formula: C41gH24NO3 Chemical Formula: Cy3H,gNO5
Molecular Weight: 299.3642 Molecular Weight: 399.4801

Procedure: A 100 mL flame-dried round-bottom flask equipped with a Teflon-coated stir bar was charged with 16 (10
mmol, 2.99 g, 1.0 equiv) and Boc20 (11 mmol, 2.40 g, 1.1 equiv). The reaction vessel was evacuated and backfilled with
N2 (3 x), prior to the addition of dry and degassed MeOH (20 mL). The reaction mixture was then concentrated in vacuo,
and the crude product was purified by column chromatography on silica gel (hexanes:EtOAc 2:1) to provide 17 (3.56 g,
8.9 mmol, 89%) as an off white solid.

Characterization:

1H NMR (500 MHz, CDCls, mixture of rotamers) § 7.02 and 6.95 (d, J = 8.2 Hz, 2H), 6.91 and 6.14 (br s, 1H), 6.79 and 6.70
(d, J=8.3 Hz, 2H), 6.62 and 6.58 (s, 1H), 6.50 and 6.17 (s, 1H), 5.19 and 5.10 (t, J = 6.6 Hz, 1H), 4.26 and 3.86 (ddd, /= 12.8,
5.3, 3.0 Hz, 1H), 3.86 and 3.84 (s, 3H), 3.82 and 3.62 (s, 3H), 3.41 —3.20 (m, 1H), 3.09 — 2.72 (m, 3H), 2.64 — 2.55 (m, 1H),
1.44 and 1.25 (s, 9H); *C NMR (126 MHz, CDCls, mixture of rotamers) & 155.5, 154.8, 147.9, 147.6, 147.4, 146.9, 131.0,
130.8, 130.2, 129.8, 129.0, 128.8, 126.6, 126.3, 115.3, 115.2, 111.7, 111.3, 110.9, 110.4, 80.3, 79.9, 56.7, 56.1, 56.05,
55.99, 55.9, 55.8, 42.0, 39.4, 37.1, 28.6, 28.4, 28.3. [a]®5p +67°, (c = 1.0, CHCl3). Our characterization data matches

literature reports.?
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Compound 20
OH Boc OH

O N ‘ O i
Boc [Cu(MeCN),](PFg) (4 mol%) o) Boc
Ho| DBED (5 mol%) Ho|
N = N
- OMe

CH,Cl, (0.1 M)

i, 4 h, O, (1 atm) OMe
then Na,S,04 work up
MeO MeO

OMe 60% without 4 A M.S. OMe
17 75% with 4 A M.S. 20
Chemical Formula: Cy3HygNOg Chemical Formula: C46Hs6N20 14
Molecular Weight: 399.4801 Molecular Weight: 812.9570

Procedure: A flame-dried, 25 mL Radley tube equipped with a Teflon-coated stir bar and a rubber septa was charged with
[Cu(CH3CN)4](PFs) (CuPFs, 29.8 mg, 0.08 mmol, 4 mol%) and 17 (0.5 mmol, 799.0 mg, 1.0 equiv). The reaction vessel was
then evacuated and backfilled with N2 (3 x), prior to the addition of N,N’-di-tert-butylethylenediamine (21.6 uL, 0.025
mmol, 5 mol%) and dry and degassed CH2Clz (20 mL). The rubber septa was then rapidly removed and replaced with a
Radley cap, which was connected to a tank of O2 and pressurized to 1 atm. Under a constant pressure of Oz (1 atm), the
reaction vessel was vented 3 times for 10 s to remove N.. A dramatic color change was observed within 2 min, resulting
in a blackish/brown reaction mixture. The reaction mixture was then stirred at room temperature (20-23 °C) for 4h,
depressurized by opening to the atmosphere and quenched by the addition of Na2S:04 (10 mL, saturated aqueous
solution). The biphasic mixture was stirred vigorously for 1 min, during which time the dark red color of the organic phase
changed to a yellow color. The phases were then separated, and the aqueous phase was washed with CH2Cl2 (3 x 20 mL).
The combined organic fractions were then dried over MgSO;, filtered and concentrated in vacuo. The crude product was
purified by column chromatography on silica gel (hexanes:EtOAc 1:2), to provide 20 (490.1 mg, 0.603 mmol, 60%) as a

pale-yellow solid.

Modification: In a separate experiment, we observed beneficial effects of including 4A mol. sieves (400 mg). These were
added directly to the reaction vessel at the beginning of the reaction, and improved the isolated yield of 20 to 75%.
Characterization:

Rs = (EtOAc:Hexanes 2:1): 0.22; IR (neat) v = 3288, 2931, 1682, 1658, 1515, 1503, 1420, 1364, 1221, 1158, 1123 cm?; 'H
NMR (500 MHz, CDCls, mixture of rotamers) § 7.17 — 6.13 (m, 12H), 5.38 — 4.98 (m, 2H), 4.62 — 3.92 (m, 2H), 3.84, 3.83,
3.81, 3.80, 3.73, 3.71, 3.70, 3.65, 3.64, 3.62 (s, 12H), 3.42 - 3.17 (m, 2H), 3.15 -2.53 (m, 8H), 1.40, 1.38, 1.30, 1.22, 1.12,
1.11 (s, 18H); 3C NMR (126 MHz, CDCls, mixture of rotamers) 6 157.3, 157.0, 155.1, 154.9, 154.8, 154.7, 147.9, 147.8,
147.4,147.3,147.1,146.9, 144.2, 144.0, 140.8, 140.6, 132.3,132.0, 131.1, 130.9, 130.8, 129.2, 128.7, 128.5, 126.7, 126.5,
126.3, 122.1, 121.9, 117.7, 116.8, 116.65, 116.58, 111.5, 111.2, 110.9, 110.5, 110.1, 110.0, 107.9, 107.6, 80.2, 80.0, 79.8,
56.6, 56.05, 56.00, 55.6, 42.4, 42.1, 41.8, 39.4, 38.7, 37.5, 36.5, 36.4, 28.54, 28.51, 28.4, 28.2, 23.50, 23.47; [a]*>p +80.6°,
(c =1.0, CHCI3); HRMS: Calcd. for CagHssN2011 [M+Na]* = 835.3776 m/z, found = 835.3753 m/z.
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(S,5)-tetramethylmagnolamine (1)

Me OMe

N - OMe
Mel, CSQCO3 O O
DMSO - Me
H |
then LAH, THF OMe N

44% after two steps OMe l
MeO

OMe

(S,S)-tetramethylmagnolamine (1)
Chemical Formula: C4oH4gN2O7

\i

Chemical Formula: C46Hs6N20 14
Molecular Weight: 812.9570 Molecular Weight: 668.8310

Procedure: A 10 mL flame-dried round-bottom flask equipped with a Teflon-coated stir bar and a rubber septa was
charged with 20 (406.5 mg, 0.5 mmol, 1.0 equiv) and Cs2CO3 (488.7 mg, 1.5 mmol, 3.0 equiv). The mixture was evacuated
and backfilled with N2 (3 x), prior to the addition of dry and degassed DMSO (2.5 mL). Mel (93.4 uL, 1.5 mmol, 3.0 equiv)
was added via micro-syringe, and the mixture was stirred at rt for 12h. The mixture was then poured onto water (20 mL),
and washed with EtOAc (3 x 20 mL). The combined organic layers were then washed with water (50 mL), brine (25 mL)
and dried over MgS0a. They were then filtered and concentrated in vacuo. The crude reaction mixture was then dissolved
in THF (5 mL). LiAlH4 (189.8 mg, 5.0 mmol, 10.0 equiv) was added, and the reaction mixture was warmed to reflux for 12h.
It was then cooled to 0 °C, before the sequential and dropwise addition of water (0.2 mL), 15% aqueous NaOH (0.2 mL)
and water (0.4 mL). The resulting biphasic mixture was then stirred for another 30 min. Solid Na2S04 (1 g) was then added
to the mixture, and it was then filtered through celite, washed with THF (3 x 20 mL) and concentrated in vacuo. The crude
product was purified by column chromatography on silica gel (EtOAc:MeOH:NEts 20:1:1), and afforded 1 (145.4 mg, 0.22
mmol, 44%) as a white solid.

Characterization:

Ry = (EtOAc:MeOH:NEt3 20:1:1): 0.38; IR (neat) v = 2993, 2836, 1514, 1500, 1465, 1444, 1254, 1217, 1158, 1138, 1122 cm
1. 'H NMR (500 MHz, CDCl3) & 7.01 (d, J = 8.5 Hz, 2H), 6.76 (d, J = 8.5 Hz, 2H), 6.58 (s, 1H), 6.54 (s, 2H), 6.51 (s, 1H), 6.13
(s, 2H), 3.83 (s, 3H), 3.82 (s, 3H), 3.761 (s, 3H), 3.757 (s, 3H), 3.74 —3.67 (m, 2H), 3.61 (s, 3H), 3.59 (s, 3H), 3.20 —3.08 (m,
3H), 3.01 (dd, J = 13.7, 5.9 Hz, 1H), 2.85 — 2.67 (m, 6H), 2.60 — 2.53 (m, 2H), 2.51 (s, 3H), 2.42 (s, 3H); *C NMR (126 MHz,
CDCl3) 6 157.1, 148.1, 147.31, 147.28, 147.1, 146.5, 146.4, 145.3, 133.5, 130.9, 129.8, 129.3, 126.2, 123.8, 115.9, 114.7,
111.25,111.22,111.1, 111.0, 105.0, 64.8, 63.3, 56.2, 56.1, 55.84, 55.80, 55.6, 47.0, 46.8,42.8,42.7, 40.6, 34.9, 25.8, 25.4;
[a]®°p +81.6°, (c = 1.0, CHCl3) , [lit.* +85.6°, (c = 1.0, CHCls)]; HRMS: Calcd. for CaoHasN207 [M+H]* = 669.3534 m/z, found
=669.3522 m/z.
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3. NMR Comparison of (S,5)-Tetramethylmagnolamine

1H-NMR 13C.NMR
Literature® Synthetic Literature? Synthetic
7.01(d, J=8.8 Hz, 2H) 7.01 (d, J=8.5 Hz, 2H) 157.2 157.1
6.76 (d, /= 8.8 Hz, 2H) 6.76 (d, J = 8.5 Hz, 2H) 148.2 148.1
Aomatic 6.58 (s, 1H) 6.58 (s, 1H) 147.4 147.31
6.54 (s, 2H) 6.54 (s, 2H) 147.4 147.28
6.51 (s, 1H) 6.51 (s, 1H) 147.2 147.1
6.13,6,12 (2 s, 2H) 6.13 (s, 2H) 146.6 146.5
3.83 (s, 3H) 3.83 (s, 3H) 146.5 146.4
3.82 (s, 3H) 3.82 (s, 3H) 1415 145.3
O-Me 3.76 (s, 3H) 3.761 (s, 3H) 133.6 1335
3.76 (s, 3H) 3.757 (s, 3H) 131.0 130.9
3.61 (s, 3H) 3.61 (s, 3H) 129.8 129.8
3.58 (s, 3H) 3.59 (s, 3H) 129.3 129.3
N-Me - 2.51 (s, 3H) 126.3 & 126.3 126.2
- 2.42 (s, 3H) 123.9 123.8
3.72-3.72,3.69 - 3.67 (2 m, 2H) 3.74 -3.67 (m, 2H) 116.0 115.9
3.20-3.09 (m, 3H) 3.20-3.08 (m, 3H) 114.8 114.7
Aliphatic 3.00 (dd, J=13.4, 6.0 Hz, 1H) 3.01 (dd, J=13.7, 5.9 Hz, 1H) 111.3 111.25
2.85 - 2.67 (m, 6H) 2.85—2.67 (m, 6H) 111.2 111.22
2.60 - 2.53 (m, 2H) 2.60 - 2.53 (m, 2H) 111.1 111.1
111.0 111.0
106.1 105.0
64.9 64.8
¥eH OMe 63.4 63.3
N_Z OMe 56.3 56.2
:ll] ﬂli] 56.2 56.1
O © gy Me 55.9 55.84
OMe N 55.8 55.80
OMe 55.7 & 55.7 55.6
ulii 47.0 47.0
MeO 46.9 46.8
OMe
(S,S)-tetramethylmagnolamine 42.9 42.8
42.8 42.7
40.7 40.6
35.0 34.9
28.8 25.8
25.4 254
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5. Copies of 'H- and 3C-NMR spectra

1H-NMR of compound 14
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13C-NMR of compound 14
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1H-NMR of compound 16
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13C-NMR of compound 16
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1H-NMR of compound 17
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13C-NMR of compound 17
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1H-NMR of compound 20
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13C-NMR of compound 20

LY'ET
0S'€2
51'82
LE'8T
1582
bS'82
T'o€
15'9€
L€
bb'6E
£8'Th
b1k
vy
£5'SS
00'95
50'95
85'95
1691
V4L
L
£8'6L1
£0'081

mN.ow#
l.B,\D._‘
68 £0T1
Q00T 11
P01 T4
98'0T 11
b2 11T
28 1111
85'91 T+
G991 T
8L'9171
TLLTT
'zt
pE ozt
LT
£S'&2T
61621
08'CET
P CET
O'IET
'TET
bR OpT~
ST'vpT<
(8'WT
LO'LPT
62 LpT
Sb'LpT
Z8 (b1
L8 LPT
ZLPST
£8'VGT
£1'SGT
bELST

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

18/24



1H-NMR of (S,S)-tetramethylmagnolamine (1)
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13C-NMR of (S,S)-tetramethylmagnolamine (1)
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1H, 'H-COSY of (S,S)-tetramethylmagnolamine (1)
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1H, *H-NOESY of (S,S)-tetramethylmagnolamine (1)
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1H, 13Cc-HSQC of (S,S)-tetramethylmagnolamine (1)
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1H, 13C-HMBC of (S,S)-tetramethylmagnolamine (1)
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