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General Information for Chemistry

All reactions were carried out under an argon or nitrogen atmosphere in flame-dried
glassware with magnetic stirring. Solvents used in reactions were purified by passage through
a bed of activated alumina. Unless stated otherwise, reagents were purified prior to use
following the guidelines of Perrin and Armarego.' Purification of reaction products was
carried out by flash chromatography on Biotage Isolera 4 systems with Ultra-grade silica
cartridges. Analytical thin layer chromatography was performed on EM Reagent 0.25 mm
silica gel 60-F plates. Visualization was accomplished with UV light. Infrared spectra were
recorded on a Bruker Tensor 37 FT-IR spectrometer. 'H NMR spectra were recorded on an
AVANCE III 500 MHz spectrometer with direct cryoprobe (500 MHz) and Bruker Avance
III 600 MHz (151 MHz) system. Spectra are reported in ppm using solvent as an internal
standard (CHCl; at 7.26 ppm). Peak multiplicities are reported as (s = singlet, d = doublet, t =
triplet, ¢ = quartet, quint= quintet, m = multiplet, br= broad; coupling constant(s) in Hz;
integration.) Proton-decoupled °C NMR spectra were recorded on an AVANCE III 500 MHz
with direct cryoprobe (125 MHz) spectrometer or Bruker Avance III 600 MHz (151 MHz)
system. These are reported in ppm using solvent as an internal standard (CDCl; at 77.16
ppm). Low-resolution mass spectra were obtained on WATERS Acquity-H UPLC-MS with a
single quad detector (ESI) Varian1200 Quadrupole Mass Spectrometer. High-resolution mass
spectra were obtained using an Agilent 6120A LC-time of flight mass spectrometer. Gas

chromatography experiments were run on Agilent 7890A/5975C GC/MS System.
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General Procedure for Synthesis of Racemic Analogues

Me Me
Me_ Me BF5-OEt, (1.2 equiv), 1.2 equiv RCHO (1.2 equiv) o] o]
0~ No 4 AMS, CH,Cly, -78 °C A,
)\/\OTBS then BF-OEt, (2.0 equiv), RICHO (12 equiv) | |
4 AMS, CH,CI,, 0 °C R 07 R

tert-butyl((2,2-dimethyl-4-methylene-4H-1,3-dioxin-6-yl)oxy)dimethylsilane (1.0 equiv) and
the desired aldehyde (1.2 equiv) were added to a 20 mL oven dried scintillation vial equipped
with a magnetic stir bar. 4 A MS (200 wt% relative to tert-butyl((2,2-dimethyl-4-methylene-
4H-1,3-dioxin-6-yl)oxy)dimethylsilane) was added, and the vial was sealed and placed under
inert atmosphere, followed by addition of CH,Cl, (0.2 M). The reaction vial was cooled to -
78 °C. BF3*OEt, (1.2 equiv) was added dropwise over a period of 15 minutes. The reaction
was monitored by UPLC-MS until complete consumption of tert-butyl((2,2-dimethyl-4-
methylene-4H-1,3-dioxin-6-yl)oxy)dimethylsilane was observed (typically 2—4 hours). When
consumption was complete, the reaction was warmed to 0 °C. Subsequently, the second
aldehyde (1.2 equiv) was added by syringe, followed by BF;*OEt; (2.0 equiv). The reaction
was stirred at 0 °C, and the reaction progress was monitored by UPLC-MS until complete
consumption of the B-hydroxydioxinone was observed. Upon complete consumption, 0.1 M
potassium phosphate buffer (pH 7.0) was added by syringe and the reaction was warmed to
room temperature. The reaction mixture was diluted with CH,Cl, and the suspension was
then filtered through a Biotage Isolute phase separator and then concentrated. Typically,

reactions were of sufficient purity for the subsequent reaction.
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o o o) o)
R20H (10 equiv) J\
A o OR?
¢} PhMe, 150 °C, uyW
R N0 Rt

To a microwave vial equipped with a stir bar was added bicyclic dioxinone pyran (1.0 equiv),
which was dissolved in toluene (0.2 M). The corresponding alcohol (10 equiv) was added, the
microwave vial was capped, and the reaction was heated in a Biotage microwave reactor at
150 °C for 90 min. After the vial was cooled to room temperature, the solution was

concentrated, and the crude product was of sufficient purity for the subsequent reaction.

o 0 R3—X (10 equiv) O e (|3
J\ORZ K>CO5 (4 equiv) “‘\J\ORZ
) , CH4CN, 70 °C \ )
R ~o” "Rt R ~o” Rt

In a microwave vial equipped with a magnetic stir bar was added B-keto ester (1.0 equiv),
which was dissolved in acetonitrile (0.2 M). To the solution was added potassium carbonate
(4 equiv) and alkyl halide (10 equiv). The reaction mixture was heated to 70 °C, and
conversion of the starting material was monitored by UPLC-MS (typically 2-4 hours) before
cooling to room temperature. The reaction mixture was diluted with CH,Cl,, filtered through
a Biotage Isolute phase separator and concentrated to afford the crude product, which was of
sufficient purity for the subsequent reaction. When benzyl bromide was used, the
concentrated vial was dried under high vacuum at 40 °C overnight to remove residual benzyl

bromide.
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NHEt; (12 equiv)

o) - ﬁ\ o) R3(|)
o CH,Br, (6 equiv |
T NoRe 2By (6 equiv) J\OR2
“ ., CH20|2, 100 oC, pw . ,

R o) R? R o ‘R

To a microwave vial equipped with a magnetic stir bar was added the alkylated B-keto ester
(1.0 equiv), which was dissolved in CH,Cl, (0.5 M). To the solution was added CH,Br; (6
equiv) and Et,NH (12 equiv). The container was sealed and the reaction heated in a Biotage
microwave reactor at 100 °C for 1 hour. After the vial was cooled to room temperature, the
reaction solution was concentrated. Diethyl ether was added to the crude reaction mixture to
precipitate out the ammonium salts. The mixture was filtered, and the filtrate was
concentrated. The crude product was purified by flash chromatography to yield the desired

product.



Characterization of Racemic Telomerase Inhibitors
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(+) methyl (2S,3R,6R)-2-(4-acetamidophenethyl)-3,6-dimethyl-5-methylene-4-oxotetrahydro-
2H-pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) § 7.38 — 7.30 (m, 2H), 7.13 (d, J = 7.6 Hz, 1H), 7.00 (d, J
= 8.0 Hz, 1H), 6.14 (d, J=2.2 Hz, 1H), 5.38 (d, /= 2.2 Hz, 1H), 4.50 — 4.41 (m, 1H), 4.09 —
4.02 (m, 1H), 3.62 (s, 3H), 2.63 (dt, J = 14.8, 8.4 Hz, 2H), 2.15 (s, 3H), 1.92 — 1.78 (m, 2H),
1.46 (d, J = 6.3 Hz, 3H), 1.31 (s, 3H). °C NMR (126 MHz, CDCl;) § 197.5, 171.2, 168.2,
1425, 137.9, 129.0, 124.4, 122.7, 119.9, 117.4, 77.9, 74.7, 60.9, 52.4, 32.2, 29.7, 24.8, 20.2,

14.6. LCMS (ESI): Mass calculated for C20H2sNOs [M+H]": 360.1733, Found 360.1745

o}
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e
Met N0 s \[j

() methyl (25,3R,6R)-3,6-dimethyl-5-methylene-4-oxo-2-phenethyltetrahydro-2H-pyran-3-
carboxylate

'H NMR (500 MHz, Chloroform-d) § 7.30 — 7.13 (m, 5H), 6.14 (d, J=2.1 Hz, 1H), 5.37 (d, J
= 2.1 Hz, 1H), 3.73 — 3.61 (m, 2H), 3.61 (s, 3H), 2.94 — 2.79 (m, 2H), 2.73 — 2.54 (m, 2H),

1.54 (s, 3H), 1.44 (d, J = 2.1 Hz 3H). °C NMR (126 MHz, CDCl3) § 197.4, 171.1, 144.3,
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141.4, 128.5, 128.4, 128.4, 126.0, 122.6, 77.9, 74.7, 60.9, 52.3, 32.2, 32.2, 20.2, 14.5. LCMS

(ESI): Mass calculated for C1sH,304 [M+H]': 303.1518, Found 303.1522

i Me(|)
Yﬁ“”l\onﬂe

Me* (0] )\

Me Me

(¥) methyl (25,3R,6R)-2-isobutyl-3,6-dimethyl-5-methylene-4-oxotetrahydro-2H-pyran-3-
carboxylate

'H NMR (500 MHz, Chloroform-d) & 6.15 (d, J = 2.3, 0.8 Hz, 1H), 5.37 (d, J = 2.2, 0.8 Hz,
1H), 4.52 — 4.44 (m, 1H), 4.19 — 4.13 (m, 1H), 3.70 (s, 3H), 1.89 — 1.50 (m, 3H), 1.43 (d, J =
6.3 Hz, 3H), 1.30 (s, 3H), 0.98 — 0.82 (m, 6H). °C NMR (126 MHz, CDCl;) § 197.7, 171.3,
144.4, 122.5, 77.2, 74.6, 61.1, 52.3, 39.6, 25.0, 23.4, 21.7, 20.3, 14.4. LCMS (ESI): Mass

calculated for C4H,304 [M+H]™: 255.1518, Found 255.1522
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() methyl (25,3R,6R)-2-(4-fluorophenethyl)-3,6-dimethyl-5-methylene-4-oxotetrahydro-2 H-
pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) § 7.34 —7.20 (m, 3H), 6.93 (d, J = 3.8 Hz, 1H), 6.15 (d, J
= 2.2 Hz, 1H), 5.38 (d, J = 2.2 Hz, 1H), 4.48 — 4.39 (m, 1H), 4.04 — 3.94 (m, 1H), 3.63 (s,

3H), 2.87 (dq, J = 13.0, 7.3, 5.4 Hz, 2H), 1.94 — 1.83 (m, 2H), 1.46 (d, J = 6.2 Hz, 3H), 1.32
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(s, 3H). *C NMR (126 MHz, CDCl;) § 201.1, 162.9 (d, J = 248 Hz), 144.1, 130.0 (d, J = 3.2
Hz), 124.8, 124.6 (d, J = 8.2 Hz) 122.8, 115.2 (d, J = 21.5 Hz), 77.7, 74.7, 67.1, 52.4, 32.0,
31.9, 20.2, 14.5. LCMS (ESI): Mass calculated for C1sH,,FO, [M+H]": 321.1424, Found

321.1430
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(*) methyl (2S,3R,6R)-3,6-dimethyl-5-methylene-4-ox0-2-(4-
(trifluoromethyl)phenethyl)tetrahydro-2 H-pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) & 7.51 (dd, J = 13.9, 5.6 Hz, 2H), 7.33 — 7.20 (m, 2H),
6.15 (d, J=2.2 Hz, 1H), 5.38 (d, /= 2.2 Hz, 1H), 4.91 — 4.65 (m, 1H), 4.55 — 4.39 (m, 1H),
3.62 (s, 3H), 2.99 — 2.66 (m, 2H), 2.11 — 1.79 (m, 2H), 1.45 (d, J = 6.2 Hz, 3H), 1.32 (s, 3H).
BC NMR (126 MHz, CDClL3) & 197.2, 171.1, 145.5, 144.0, 128.8 (q, J = 32.6 Hz), 127.7,
125.4 (q, J = 3.7 Hz), 123.2 (q, J = 3.7 Hz), 100.3, 77.8, 74.8, 60.8, 52.5, 32.1, 29.4, 20.2,

14.5. LCMS (ESI): Mass calculated for C1oH»F304 [M+H]": 371.1392, Found 371.1401
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(¥) methyl (2S,3R,6R)-2-(4-methoxyphenethyl)-3,6-dimethyl-5-methylene-4-oxotetrahydro-

2H-pyran-3-carboxylate
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"H NMR (500 MHz, Chloroform-d) & 7.26 — 7.19 (m, 2H), 6.97 — 6.94 (m, 2H), 6.30 (d, J =
2.2 Hz, 1H), 5.53 (d, J= 2.2 Hz, 1H), 4.64 — 4.55 (m, 1H), 4.19 — 4.10 (m, 1H), 3.92 (s, 3H),
3.78 (s, 3H), 2.74 — 2.68 (m, 2H), 2.07 — 2.01 (m, 2H), 1.62 (d, J = 6.3 Hz, 3H), 1.47 (s, 3H).
3C NMR (126 MHz, CDCL3) § 197.4, 171.2, 157.8, 144.3, 133.7, 129.3, 129.3, 122.6, 113.8,
779, 74.7, 55.3, 52.7, 34.3, 30.0, 20.2, 14.6. LCMS (ESI): Mass calculated for CioHsOs

[M+H]": 333.1624, Found 333.1609

]
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() methyl (25,3R,6R)-2-(3-acetamidophenethyl)-3,6-dimethyl-5-methylene-4-oxotetrahydro-
2H-pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) § 7.39 (d, J = 2.9 Hz, 2H), 7.19 — 7.15 (m, 1H), 7.11 (d, J
=2.4 Hz, 1H), 6.14 (d, J = 2.1 Hz, 1H), 5.37 (d, J = 2.2 Hz, 1H), 4.43 — 4.38 (m 1H), 4.02
(m, 1H), 3.62 (s, 3H), 2.61 — 2.55 (m, 2H), 2.14 (s, 3H), 1.92 — 1.77 (m, 2H), 1.45 (d, J= 6.3
Hz, 3H), 1.31 (s, 3H). °C NMR (126 MHz, CDCls) & 197.4, 171.1, 168.2, 144.2, 137.4,
135.9, 135.2, 129.7, 128.9, 122.7, 120.0, 77.8, 74.7, 60.9, 52.4, 32.1, 31.5, 24.6, 20.3, 14.5.

LCMS (ESI): Mass calculated for Co0H,6NOs [M+H]": 360.1733, Found 360.1745
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() methyl (25,3R,6R)-2-(3-fluorophenethyl)-3,6-dimethyl-5-methylene-4-oxotetrahydro-2 H-
pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) § 7.17 — 7.03 (m, 2H), 6.95 — 6.86 (m, 2H), 6.15 (d, J =
2.3 Hz, 1H), 5.38 (d, J = 2.3 Hz, 1H), 4.32 (t, J = 5.7 Hz, 1H), 4.02 — 3.92 (m, 1H), 3.63 (s,
3H), 2.81 — 2.63 (m, 2H), 2.05 — 1.91 (m, 2H), 1.46 (d, J = 6.3 Hz, 3H), 1.31 (s, 3H). °C
NMR (126 MHz, CDCl3) 6 197.2, 171.1, 160.4, 144.2, 137.0, 129.7 (d, J = 3.2 Hz), 122.7,
115.2 (d, J = 21.5 Hz), 103.6, 100.5, 77.8, 74.7, 60.9, 52.8, 35.8, 32.3, 20.2, 14.5. LCMS

(ESI): Mass calculated for C1sH2,FO, [M+H]": 321.1424, Found 321.1432
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(%) methyl (2S,3R,6R)-2-(4-acetamidophenethyl)-6-isobutyl-3-methyl-5-methylene-4-
oxotetrahydro-2 H-pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) § 7.24 (d, J = 3.4 Hz, 2H), 6.91 (d, J = 8.3 Hz, 2H), 6.14
(d, J=2.1 Hz, 1H), 5.37 (d, J = 2.1 Hz, 1H), 3.77 — 3.71 (m, 1H), 3.56 — 3.51 (m, 1H), 3.49
(s, 3H), 2.26 — 2.06 (m, 2H), 1.97 (s, 3H), 1.79 — 1.65 (m, 2H), 1.55 — 1.44 (m, 2H), 1.17 (s,
3H), 1.07 — 0.99 (m, 1H), 0.82 — 0.69 (m, 6H). °C NMR (126 MHz, CDCl;) & 206.6, 171.4,
168.3, 144.2, 137.3, 136.0, 128.9, 120.0, 79.3, 75.3, 62.4, 52.2, 45.4, 32.3, 31.7, 24.5, 24 4,
23.3, 22.0, 14.3. LCMS (ESI): Mass calculated for C,3H3,NOs [M+H]": 402.2202, Found

402.2210
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(%) methyl (28,3R,6R)-2-(4-acetamidophenethyl)-3-methyl-5-methylene-4-ox0-6-
phenethyltetrahydro-2 H-pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) & 7.54 — 7.48 (m, 2H), 7.37 — 7.28 (m, 2H), 7.26 — 7.19
(m, 3H), 7.14 — 7.09 (m, 2H), 6.14 (d, J = 2.1 Hz, 1H), 5.37 (d, J = 2.1 Hz, 1H), 3.75 - 3.67
(m, 1H), 3.67 (s, 3H), 3.22 — 3.18 (m, 1H), 2.98 — 2.90 (m, 1H), 2.83 — 2.73 (m, 1H), 2.73 -
2.62 (m, 1H), 2.61 — 2.57 (m, 2H), 2.50 — 2.27 (m, 2H), 2.16 (s, 3H), 2.09 — 1.90 (m, 2H),
1.36 (s, 3H). °C NMR (126 MHz, CDCl;) & 206.3, 171.3, 168.9, 162.6, 141.2, 136.7, 128.7,
128.5, 128.4, 126.0, 120.0, 79.2, 75.9, 62.3, 52.1, 46.8, 43.6, 37.8, 36.5, 31.4, 24.2, 14.2, 8.7.

LCMS (ESI): Mass calculated for C»7H3,NOs [M+H]": 449.2202, Found 449.2198

O
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(%) isopropyl (28,3R,6R)-2-(4-acetamidophenethyl)-3,6-dimethyl-5-methylene-4-
oxotetrahydro-2 H-pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) § 7.41 — 7.35 (m, 2H), 7.08 — 7.00 (m, 2H), 6.12 (d, J =
2.1 Hz, 1H), 5.36 (d, J = 2.0 Hz, 1H), 4.99 (d, J = 6.4 Hz, 1H), 4.43 — 4.33 (m, 1H), 4.04 —
3.98 (m, 1H), 2.89 — 2.55 (m, 2H), 2.15 (s, 3H), 2.06 — 1.84 (m, 2H), 1.46 (d, /= 6.2 Hz, 3H),

1.28 (s, 3H), 1.26 — 1.09 (m, 6H). *C NMR (126 MHz, CDCl;) & 197.6, 170.1, 168.1, 144 .4,

S-12



137.4, 135.9, 129.0, 122.4, 120.0, 77.6, 77.2, 74.7, 68.8, 60.7, 31.5, 29.7, 24.7, 21.4, 20.2,

14.5. LCMS (ESI): Mass calculated for C;;H3oNOs [M+H]": 388.2046, Found 388.2044

I
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(¥) cyclopropylmethyl (2S5,3R,6R)-2-(4-acetamidophenethyl)-3,6-dimethyl-5-methylene-4-
oxotetrahydro-2 H-pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) & 7.42 — 7.24 (m, 2H), 7.10 — 6.99 (m, 2H), 6.14 (d, J =
2.1 Hz, 1H), 5.37 (d, J = 2.1 Hz, 1H), 4.45 — 4.28 (m, 1H), 4.13 — 4.04 (m, 1H), 4.02 — 3.79
(m, 2H), 2.94 — 2.80 (m, 2H), 2.63 — 2.55 (m, 2H), 2.14 (s, 3H), 1.46 (d, J= 6.2 Hz, 3H), 1.31
(s, 3H), 1.06 — 0.95 (m, 1H), 0.56 — 0.43 (m, 2H), 0.29 — 0.15 (m, 2H). *C NMR (126 MHz,
CDCl3) 6 197.5, 170.8, 168.2, 144.3, 137.4, 129.0, 126.6, 122.6, 120.0, 77.9, 74.7, 69.9, 60.9,
32.1, 31.6, 24.7, 20.2, 14.6, 9.7, 3.3, 3.2. LCMS (ESI): Mass calculated for C,3H3oNOs

[M+H]": 400.2046, Found 400.2040
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(¥) benzyl (2S,3R,6R)-2-(4-acetamidophenethyl)-3,6-dimethyl-5-methylene-4-oxotetrahydro-

2H-pyran-3-carboxylate
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"H NMR (500 MHz, Chloroform-d) § 7.31 — 7.26 (m, 4H), 7.10 — 7.05 (m, 1H), 7.04 — 7.01
(m, 1H), 6.98 — 6.90 (m, 3H), 6.14 (d, J = 2.1 Hz, 1H), 5.37 (d, J = 2.1 Hz, 1H), 5.20 — 5.03
(m, 2H), 4.42 — 4.33 (m, 1H), 4.03 — 3.94 (m, 1H), 2.87 — 2.46 (m, 2H), 2.15 (s, 3H), 1.89 —
1.66 (m, 2H), 1.45 (d, J = 6.3 Hz, 3H), 1.32 (s, 3H). *C NMR (126 MHz, CDCl3) & 197.2,
170.5, 168.1, 144.3, 137.3, 135.8, 135.6, 128.9, 128.5, 128.3, 128.2, 122.6, 119.9, 77.9, 74.7,

66.9, 60.9, 32.1, 31.6, 24.6, 20.2, 14.6. LCMS (ESI): Mass calculated for CsH3oNOs

[M+H]": 436.2046, Found 436.2061
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() butyl (2S,3R,6R)-2-(4-acetamidophenethyl)-3,6-dimethyl-5-methylene-4-oxotetrahydro-
2H-pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) & 7.43 — 7.33 (m, 2H), 7.14 — 7.05 (m, 2H), 6.18 — 6.11
(m, 1H), 5.40 — 5.32 (m, 1H), 4.15 - 3.99 (m, 2H), 2.85 — 2.65 (m, 2H), 2.14 (s, 3H), 1.79 —
1.62 (m, 2H), 1.46 (d, /= 6.2 Hz, 3H), 1.38 — 1.20 (m, 4H), 1.27 (d, J = 32.3 Hz, 3H), 0.94 —
0.82 (m, 3H). °C NMR (126 MHz, CDCl;) § 197.5, 170.7, 168.1, 144.4, 137.4, 135.9, 129.0,
122.4, 119.9, 77.9, 74.7, 65.2, 60.9, 32.2, 31.6, 30.4, 24.6, 20.3, 19.0, 14.5, 13.7. LCMS

(ESI): Mass calculated for C»3H3,NOs [M+H]": 402.2202, Found 402.2185
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(¥) 2-methoxyethyl (2S,3R,6R)-2-(4-acetamidophenethyl)-3,6-dimethyl-5-methylene-4-
oxotetrahydro-2 H-pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) § 7.37 (d, J = 3.9 Hz, 2H), 7.17 — 7.05 (m, 2H), 6.14 (d, J
=2.1 Hz, 1H), 5.37 (d, J = 2.1 Hz, 1H), 4.50 — 4.40 (m, 1H), 4.33 — 4.14 (m, 2H), 4.12-4.08
(m, 1H), 3.58 —3.44 (m, 2H), 3.29 (s, 3H), 2.90 — 2.80 (m, 1H), 2.73 — 2.55 (m, 2H), 2.14 (s,
3H), 1.89-1.79 (m, 2H), 1.46 (d, J = 6.3 Hz, 3H), 1.22 (s, 3H). °C NMR (126 MHz, CDCl5)
0 197.3, 170.6, 168.1, 144.2, 137.5, 135.8, 129.0, 122.6, 120.0, 78.0, 77.2, 74.7, 70.2, 64.0,
60.9, 58.9, 32.1, 31.7, 24.7, 20.2, 14.5. LCMS (ESI): Mass calculated for C;H3oNOg

[M+H]": 404.1995, Found 404.2001
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(%) methyl (2S,3R,6R)-2-(4-acetamidophenethyl)-3-ethyl-6-methyl-5-methylene-4-
oxotetrahydro-2 H-pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) & 7.42-7.33 (m, 2H), 7.16 (d, J = 7.6 Hz, 1H), 7.03 (d, J
= 8.0 Hz, 1H), 6.17 (d, J=2.2 Hz, 1H), 5.41 (d, /= 2.2 Hz, 1H), 4.53 — 4.45 (m, 1H), 4.15 —
4.01 (m, 1H), 3.65 (s, 3H), 2.66 (dt, J = 14.8, 8.4 Hz, 2H), 2.18 (s, 3H), 1.99 — 1.84 (m, 2H),

1.49 (d, J = 6.3 Hz, 3H), 0.99-0.91 (m, 6H). °C NMR (126 MHz, CDCl3) § 197.8, 171.5,
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168.5, 142.9, 138.4, 129.5, 124.7, 123.1, 120.3, 117.7, 78.3, 75.0, 61.3, 52.7, 32.6, 30.1, 25.1,
20.6, 14.9, 14.8. LCMS (ESI): Mass calculated for C;;H2sNOs [M+H]": 374.1967, Found

374.1962

O

lPr|CJ)\
\I\\)ﬁ OMe
Me™ o /\©\
NHAc

() methyl (2S5,3R,6R)-2-(4-acetamidophenethyl)-3-isopropyl-6-methyl-5-methylene-4-
oxotetrahydro-2 H-pyran-3-carboxylate

'H NMR (500 MHz, Chloroform-d) & 7.36-7.29 (m, 2H), 7.12 (d, J = 7.6 Hz, 1H), 6.99 (d, J
= 8.0 Hz, 1H), 6.13 (d, J=2.2 Hz, 1H), 5.37 (d, /= 2.2 Hz, 1H), 4.47 — 4.40 (m, 1H), 4.09 —
43.99 (m, 1H), 3.61 (s, 3H), 2.61 (dt, J = 14.8, 8.4 Hz, 2H), 2.14 (s, 3H), 1.92 — 1.80 (m, 2H),
1.45 (d, J = 6.3 Hz, 3H), 0.93-0.86 (m, 3H). °C NMR (126 MHz, CDCl;) & 197.5, 171.3,
168.3, 142.7, 138.1, 129.1, 124.5, 122.9, 120.1, 117.6, 78.1, 74.9, 61.1, 52.6, 32.3, 29.9, 24.9,
20.4, 14.8, 14.7. LCMS (ESI): Mass calculated for C,,H30NOs [M+H]": 388.2123, Found

388.2110
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Correlation Analysis Between Binding Energy and ICs, Values for 1** Gen Library
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R square | 0.8069

The binding energies and ICs of all compounds in Table 1 and Table 2 that demonstrated the
ability to inhibit telomerase activity by TRAP assay <100 puM were analyzed to see if a
correlation existed between binding energies and ICso. Linear regression analysis

demonstrated that a positive correlation was observed, with an R* = 0.8069
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Synthesis of NU-1

X
= 1.4 equiv

Me  Me  LiHMDS (1.4 equiv) MQXME KRED-P1-C01 (0.5 wt%) MQXME

o No Et,Zn (1.4 equiv) o o~ o NADPH (0.1 wt%) oH o~ Yo
MGMO THF, 20 °C to 23 °C MEWO CPME:IPA:0.1 :I;/IOI(OIB (pH 7.0), 1:1:8 MEJ\/K/KO

Me Me
M M
e>< ° 1-pentynal (2.0 equiv) o><o o o
oH o7 o TMSOTF (1.2 equiv) MeOH (10 equiv) \\IJ\
NS a OM
MeWo CHQC|2, -78 oC [jj/go PhMe, 150 OC, UW e
Me\“. o ,»///\Q Me" o '//\

o : o o : o o
Mel (10 equiv) Me NHEt, (12 equ!v) Me
fjj«“\”\OMe K2003 (4 eqUiV) @"\JJ\OMe CHzBrz (6 eqUIV) “\\”\OMe
CH4CN, 70 °C . , CHCl,, 100 °C, yW . .
Me" o ’/\% 3 Met o "//\ et o '1/\

Ng
/E;C 1.0 equiv
o o F F
e | CuSO;, (5 H,0) (0.125 equiv) W
“YSoMe sodium ascorbate (0.25 equiv)
Yﬁ t-BuOH:H,0, 1:1, 40 °C

Me" o "'//\\\

2,2-Dimethyl-6-(2-ox0-2-methylethyl)-4H-1,3-dioxin-4-one (S1)

Prepared according to literature precedent.” Dioxinone (1.0 equiv) in THF (2.0 M) was added
dropwise to LIHMDS in THF (1.4 equiv, 1.0 M) and THF (1.0 M) at -20 °C, and after 45 min,
diethylzinc in hexanes (1.4 equiv, 1.0 M) was added over 2 h. After a further 30 min, the
reaction mixture was allowed to warm up to -10 °C and N-acetylimidazole (1.4 equiv) was
added portionwise over 15 min. After 3.5 h, H,O:THF (1:9; 75 mL) was added dropwise,
followed by 6.0 M HCI (100 mL) and EtOAc (250 mL). The pH was adjusted to pH 1-2 using
1.0 M HCI (265 mL), and the layers were separated. The aqueous layer was extracted with

EtOAc (250 mL), and the combined organic extracts were washed with brine (250 mL), dried
S-19



(MgSO0,), rotary evaporated, and chromatographed (hexanes:EtOAc 3:2) to give S1 as pale

yellow crystals.

Analytical Data: "H NMR spectroscopy (500 MHz, CDCls) & 5.35 (s, 1H), 3.37 (s, 2H), 2.25,
(s, 3H), 1.72 (s, 6H); BC NMR spectroscopy (125 MHz, CDCls) 6 200.9, 164.4, 160.7, 107.2,

96.6, 47.9, 30.2, 25.0. All physical data for this product correspond with literature values.’

Me Me

X

OH O O

NN
Mewo

(R)-6-(2-hydroxypropyl)-2,2-dimethyl-4H-1,3-dioxin-4-one (S2)

Prepared according to literature precedent.” 160 mL of 0.1 M phosphate buffer (pH 7.0) was
added to a 500 mL 3 neck round bottom flask equipped with an overhead stirrer, a nitrogen
inlet, and a septum. 100 mg of KRED-P01-CO1 was then added followed by 50 mg of
NADPH. In a separate 100 mL round bottom flask, 20.0 g of S1, 20 mL isopropanol (IPA),
and 20 mL cyclopentylmethyl ether (CPME) were added. Upon the -ketodioxinone substrate
completely dissolving (required slight heating and stirring), this solution was added to the
solution containing KRED-P01-CO1. The reaction was stirred for 72 hours at 30 °C. Upon
reaction completion, solid NaCl was added to the reaction mixture. The solution was then
filtered, extracted with ethyl acetate (5 x 150 mL), dried over MgSQO,, filtered, and

concentrated in vacuo to obtain >99% pure -hydroxydioxinone S2

Analytical Data: '"H NMR spectroscopy (500 MHz, CDCls) & 5.33 (s, 1H), 4.16-4.08 (m, 1H),
2.38 (1H, d, J = 2.8), 2.37 (s, 1H), 1.70 (s, 6H), 1.27 (3H, d, J = 6.2). °C NMR spectroscopy

(125 MHz, CDCl) 6 169.3, 161.3, 106.6, 94.9, 65.1, 43.2, 25.2, 24.9, 23.5.

All physical data for this product corresponds with literature values.’
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(5S,7R)-5-(but-3-yn-1-yl)-2,2,7-trimethyl-7,8-dihydro-4H,5H-pyrano[4,3-d][ 1,3]dioxin-4-
one (S3)

A flask was charged with 4 A MS (2:1 by wt), pent-4-ynal (4.0 equiv) and S2 (1.0 equiv).
Dichloromethane (0.25 M) was added and the reaction was cooled to —78 °C. Then, TMS-
OTf (2.0 equiv) was added dropwise and stirred for 5 h. The reaction was quenched at —78 °C
with a 1:1 mixture of NEt;/MeOH and allowed to warm to room temperature. The suspension
was then filtered through a Biotage Isolute phase separator and then concentrated. The crude

product was of sufficient purity and immediately used in the next reaction.

o
fjj R \002Me
Me* (6] //\

methyl (2S,3R,6R)-2-(but-3-yn-1-yl)-6-methyl-4-oxotetrahydro-2H-pyran-3-carboxylate (S4)
In a microwave vial S3 (1.0 equiv) was dissolved in toluene (0.2 M). Dry methanol (10
equiv) was added, the reaction vial was capped, and the reaction heated in a Biotage
microwave reactor at 150 °C for 40 m. After the vial was cooled to room temperature, the
solution was concentrated. The crude product was of sufficient purity and was immediately

used in the next reaction.
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methyl (2S5,3R,6R)-2-(but-3-yn-1-yl)-3,6-dimethyl-4-oxotetrahydro-2 H-pyran-3-carboxylate
(85)

S4 (1.0 equiv) was dissolved in acetonitrile (0.2 M) in a vial with stir bar. To the solution was
added potassium carbonate (4 equiv) and methyl iodide (10 equiv). The reaction mixture was
heated to 70 °C for 2 hours before cooling to room temperature and quenching with saturated
aqueous NH4Cl. The mixture was diluted with CH,Cl,, filtered through a Biotage Isolute
phase separator, and concentrated. The crude product was of sufficient purity and

immediately used in the next reaction.

(0]

Me
\]\\)Jj‘ ACO,Me
Me* (6] //\

methyl (25,3R,6R)-2-(but-3-yn-1-yl)-3,6-dimethyl-5-methylene-4-oxotetrahydro-2 H-pyran-3-
carboxylate (S6)

Prepared according to literature precedent.’ To a solution of S5 (1.0 equiv) in CH,Cl, (0.2 M)
in a microwave vial, CH,Br; (6.0 equiv) and Et;NH (12.0 equiv) were added. The container
was sealed, and the reaction heated in a Biotage microwave reactor at 100 °C for 1 hour.
After the vial was cooled to room temperature, the reaction solution was concentrated.

Diethyl ether was added to the crude reaction mixture to precipitate out the ammonium salts.
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The mixture was filtered, and the filtrate was concentrated. The crude product was of

sufficient purity and immediately used in the next reaction.

methyl (2S,3R,6R)-2-(2-(1-(2,4-difluorobenzyl)-1H-1,2,3-triazol-4-yl)ethyl)-3,6-dimethyl-5-
methylene-4-oxotetrahydro-2H-pyran-3-carboxylate (NU-1)

1-(Azidomethyl)-2,4-difluorobenzene (1.0 equiv) and S6 (1.0 equiv) were dissolved in t-
BuOH (0.2 M) room temperature. To this, a solution of copper (II) sulfate pentahydrate (0.12
equiv) and sodium (R)-2-((S)-1,2-dihydroxyethyl)-4-hydroxy-5-oxo-2,5-dihydrofuran-3-olate
(0.25 equiv) in water (0.2 M) was added. The reaction mixture was stirred at 40 °C for 5 h.
After completion, the reaction mixture was extracted with EtOAc (3 x). The organic layer
was dried over sodium sulfate, and the excess solvent was removed under reduced pressure.

The crude product was purified by column chromatography to yield NU-1.

'H NMR (500 MHz, Chloroform-d) § 7.36 — 7.24 (m, 2H), 7.22 — 7.10 (m, 2H), 6.15 (d, J =
2.1 Hz, 1H), 5.50 (s, 2H), 5.38 (d, J = 2.1 Hz, 1H), 4.45 — 4.24 (m, 1H), 4.05 (dd, J = 10.2,
2.0 Hz, 1H), 3.61 (s, 3H), 2.73 — 2.56 (m, 2H), 2.10 — 1.78 (m, 2H), 1.48 — 1.39 (m, 3H), 1.32
(s, 3H). °C NMR (126 MHz, CDCl3) § 197.2, 171.1, 163.5, 160.4, 144.2, 137.0, 136.8, 129.8
(d, J=3.5Hz), 125.8, 115.2 (d, J = 21.5 Hz), 103.6, 100.5, 77.8, 77.3, 77.0, 76.8, 74.7, 60.9,
52.8, 35.8, 32.3, 20.2, 14.5. LCMS (ESI): Mass calculated for C, H»4F;N3;04 [M+H]+

420.1657, Found 420.1650
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Supplemental Figures
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Fig S2: HPQDEIPYCGK Peptide of chrolactomycin (1) treated tcTERT.
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Fig S3: HPQDEIPYCGK Peptide of NU-1 treated tcTERT.

Experimental in vitro drug like

F
Q Me properties
COMe Human Plasma Stability (t;): 41 min
Mouse Liver Microsomes (t1,5): 31 min
e N0 /\(\N . N-acetyl cysteine kinetics (t1): 42 min
N=y

logD: 2.8
CYP1A2 inhibition: 13% (@ 10 pM)
NU-1 PAMPA (pH 5.0, 6.2, 7.4, Log(Pe)): -3.6, -
3.8,-37

Fig S4: Experimental in vitro drug like properties of NU-1
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Full List of 2" Generation Compounds Computationally Modeled
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NMR Spectra for Telomerase Inhibitors

fFYFFFFFFFFFFrFFoaaaaNAN =~~~ rf
oo S AN NN 3800

rb-phrc-11-95.10.fid }39¥58
PROTON CDCI3 /home/walkon/data/Scheidt rcb 393 9 "Q

)

712
7.01
7.00
6.14
6.14
5.38
5.37

Ay
<
<
/
-‘\
]
]
1
]
1

O 13600
Me
WY 3400
g OMe

13200
} [ 3000

2800

’
‘y

—
—
—_
—
R —

NHAc L0600

2400

2200

2000

n) E(d)| |F(d) G (m) E(S} J(db) || L(m) L1800
7.38 6.14| |5.38 4.46 | | 3|62 263 || 1

| —
=T

S
A~ T
&3
N X
pre
al
=
53

N 1600
D (d) (s)
7.00 1131 1400

1200
1000
800
600

400

U | S

r-200

1.00=
1.16—=
0.85-1
137=

=
N

1.86~=
090~
~ - 093-=x

6
1 (ppm)

95
01
40
71
91
41

rb-phrc-11-85.10.fid 22

] 5
I

91

] 18000

NU_C13_1Bg /home/walkorfdta/Scheidt rcb 333%7 JIY2E

7 ¥3NTE
\ I N

— 187

7473
—60.91
—52.44

L7500

o] L7000
Me “\\

\\ |

T NoMe 6500

6000

15500
NHAc 15000
L4500
4000
13500
13000
2500
2000
500
1000

500

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110f1}00 ) 9 80 70 60 50 40 30 20 10 0 -10
ppm)

S-50



40000
35000
30000
25000
20000
15000
10000
5000

6500

iy
v
2ri
v
s
s
P
P
91

vm.;

952
152
852
652
092

092+
192
192
292
€92/
v9e]
592
992
99°¢
192
692
12

1824

€9°¢

=8r'e
11T

Fuoe

Fr02

6C€
W@N.N

poyrAl

=v0'L

Fevs

egvL—
€c'0c—

Liee
mw.mmv

cees—
16'09—

cLYL
12791

o

1 (ppm)

13 12 11 10

14

o

B.Nﬁ
2052\
8e'8Tt
1+'82 fW
sv'ezt

N~

w0
9 @1 —
621l —

(2}
nfdata/Scheidt rcb
I

g ’home/walko

rb-phrc-11-85.10.fid

NU_C13_15

6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500

r-500

-10

110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

120

OMe
180 170 160 150 140 130

190

)

(0]
Me

210 200

S-51



- L eadBfids 3322 RaN y e~ w 0 NN OO P PO AN NN O IO N OOOTNNrTI T QOO ITOONO DI~ 0N = I
- 3 BBIIIFTIEEE2ER B8 RRRRRRR BN REISIRITIn8AEIIRIIR2=E2EGE

65000

60000

/ J / / jﬂfl 50000

45000

H (m)

0.90 40000

E(m) A(m)
4.16 1.54 35000

B@||CW@| [Dm]|FE)
5.37| |4.48 | |370 113 30000

G )
143 25000

20000

o

o

15000

10000

5000

—

1.08—=
1.09—=
0.98—=x
1.02=
3.06—=

r-5000

-
>
_
w
_
N
o
sy
o
o
©
©
o 4
IN
w
N

7
1 (ppm)

rb-phrc-11-26.10.fid 8 &

3
NU_C13_18ng /home/walkorfdata/Scheidt rcb 393 57

\ \ \
0 0 7500

7000

122.47
77.27
7717
76.76
74.64

fo =S 8000
«

—61.14
—52.33
39.57

L
A

OMe
6500

6000
5500
5000
4500
4000
3500
3000
2500
2000

r1500

1000
|
500

r-500

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 HOﬂPO)% 80 70 60 50 40 30 20 10 0 -10
ppm

S-52



rb-phrc-11-51.10.fid SRANYIRNFFE SRR Y 2393399985338 338558333283855399
H NN~ OO © © VY TFTTFTFTFTTTTTITTOOOANANANANANNTT T~~~ v~ 7 v
PROTON CDCI3 /home/walkon/data/Scheidt rcb 3! J W (GIRE KRGS S S SR A i R AR
(e} (0]
Me J\
© “OMe
Me‘\\ ,l/l Al' / /
¥
F
Afm) I (m) M (d)
{27 4.00 1.46
D) |E@]| |G| [Hm)| |J()||K(da| |L(m)
6.93| |6.15 38 4.44 2.87 1.89
N (s)
1.32
ﬁ Ll
o R i A iy Ty
g 8§ § 8§23 g g g®
P = = 2 -4 N NEINDS
T T T T T T T T T T T T T T T
14 13 12 10 9 8 7 5 4 3 2 1 0 -1
1 (ppm)
rb-phre-13-51.10.fid PEBHRRINSSIBAN F S ks =g 93
NU_C1351mg /home/walkon/dat&@Scheidt BRRDEIIII LN L PP 505 o a5 SIS
e—— N [ % I
(¢} (0]
Me J\
* “OMe
Me\\ III
F
]
|
" W UMMM i Vit L Wiy W
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110f 100 90 80 70 60 50 40 30 20 10 0 -10

S-53

1 (ppm)

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

ro

r-1000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

r1000

ro

--1000



rb-phre-11-50.10.fid SRATYIRYFFEERE B8 9993IICIYE8533353858533B8385539H
1 Ll e e Dl el o] © © Uelte] T T TTTTTTTOOOOANANANNNN T~~~ 77— v v v
PROTON CDCI3 /home/walkon/data/Scheidt rcb 3 3 & ¥ D I i B B A L
o 0 +- — 12000
Me J\
SN oMe 111000
Me J / / 110000
9000
CF5
8000
do)| | (m) M 7000
723 4.00 1.46
Afm) E@| |G@)| [HmMm||J@E)||Kdg]| |L(m) 6000
77 15 4.44 6. 2.87 1.89
D (d) N (s) 5000
6.93 1.32
4000
3000
| 2000
1000
|
] |
U [ o
] R i ooy 7t TPy
23g 8 8§ g 28 8§ g 2o
RS = i 2 F o B S Qo F-1000
T T T T T T T T T T T T T T T T
4 13 12 1 10 9 8 7 6 5 4 3 2 1 0 -1
1 (ppm)
rb-phrc-11-80.10.fid 3 58 BRNBSIRE]S I gokeor ¥ 9 o 8 3
NU_C13_1%hg /home/walkorifdata/Scheidt rcff 9567 S XN & & & 8 SERSY 8§ 48 g ¥ 10000
I I N\ TSP ~= I I I (.
0 Me ﬁ\ 9000
* “OMe
8000
Me** (6] e
7000
CF;
6000
5000
4000
3000
2000
‘ 1000
|
AN AR I AT Lo
r-1000
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11Of1 100 ) 90 80 70 60 50 40 30 20 10 0 -10
ppm

S-54



rb-phrc-11-92.10.fid

29%5 WIS DRI ikl
0 (0]
Me ”\
' “OMe
OMe
B (m) H(s) K(d)
6.97 .
Am)| [C(d)||D@)]| |Em)|G(s) 1(m)||J(m)
723 | |6.30|(553| |4.60]3.92
F (m) L(s)
4.19 1,47
MJ AJJ
I
o i ¥ Wb S # g
85 8 5 e & RRE&
o N — — —oaN N — — NN
T T T T T T T T T T T T T T T
14 13 12 11 10 9 8 7 6 5 4 3 2 1 -1
1 (ppm)
rb-phrc-11-82.10.fid e o o 838 & 8K R EY o N8 0 g
NU_C13_1Bg /home/walkonfdata/Scheidt rcb 393 588 & & £2 NN SR 8 s §
\ [ [ \ AR = Vi I I
0 (0]
Me ”\
A OMe
Me (0]
OMe
| ! | | ‘
J Clo |
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20

1 (ppm)

S-55

36000

34000

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

r-2000

18000

17000

16000

15000

14000

13000

12000

r11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

r1000

r-1000




rb-phrc-11-94.10.fid %%" PErEReIILHEY8II999958855803880388888

Me ”\

., NHAc

‘y

/I/ I

B (m)
7.24

A(d) E@| |F@)
7.39 14| |5.37

D (m)
7.1

>_
S

.

229+,
1.34=
1.00-=
1.10-=

11l
3.15
-

1.80-T
1.95-T
3.20
A8
3.26+%

rb-phrc-11-84.10.fid 28 8 85588588
NU_C13_1kg /home/walkormta/Scheldt rch §93':5 BTN

[ T T\
Me”\

’
,
‘y

NHAc

i | il

o ] 1007

1 (ppm)

77.81
77.28
770

76.77

/
v

N - 099=

74.72
—60.87
—52.37

N 4 3157

_-3213
3151
2457
~20.26
1455

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

F-2000

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

F-500

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120

S-56

T T T T
110 100 90 80
1 (ppm)

40 30 20



rb-phrec-11-52.10.fid

)

6.96

6.93
6.15
6.15
5.38
5.38

PROTON CDCIS/home/walkon/data/SchEId% / \/ GRS &
(e} (0]
Me J\
A OMe
W F
Me* (0] !
D (m) H (m) N (8
6.95 4.02 146
Cm)| [E)]| [F(d) G@O|||e) | [Km)|M(m)
.11 8 4.32((3l63| |2.70 | 1.97
de
1131
|
|
I
iy f § L P i fooopy
88 E 8 B 8 g 2
- - — - - o ool
T T T T T T T T T T T T T T T
14 13 12 11 10 8 7 5 4 3 2 1 -1
1 (ppm)
rb-phrc-11-82.10.fid = 8 & 833XB8B8IIES 8¢ gNNee g N ~Q S 9
Nucm1agmmmmmmﬂmmﬁmmnméwﬁigggg???? 88 NN ST 8o S =
\ \ \ VY NS i [ I I
“ F
Me* (e} ‘
y
|
|
| ! ‘ | [
| oo D Lol
pap——— AR A R o n —
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 1zoo ) 90 80 70 60 50 40 30 20 10 -10
ppm

S-57

10000

9000

8000

7000

6000

5000

4000

3000

2000

r1000

ro

5000

4500

4000

3500

3000

2500

2000

r1500

r1000

r500

ro




13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

-10

60 50 40 30 20 10

70

o o o o o o
o o o o o o
o o o (=] o o
o o o o o o o (&2} e} ~ O v <
o o (=] o o o o o o o o o o o o o — ~— ~— — - ~—
(=] o (=] o o o o o o o o o o o o o F N S ST S |
9] < (2] o — o o (=] o (=] o o (=] o o —
B S S R . L, L A P G S R N S
vL0q
SL0q -
9,0
9,01
1207
82°0
607 o
6.0
0870y EX 0srL—
SO L~ 7@87 o © u Aggg L~ mm”&/
8;% = 262 1282\
101 -] — EQ 960 i
204 — =Y = - Tres 25ve
80"} N g | T 992 0L ke~
80+ e Jeol | o eece”
~TTE= =
601 — oI =5 —_— ]
oFL
(NS
ot | o Pysy—
ntg
. — = o
— 2gl [z
o' — ° M\W we — 5
Lk F< SE29—
8v'L
6v'L
0S'k 2esL
e mN@NUM
esh S~ re Y0 LL—
191 A . 08/
(S : —_—s] =
89'L 0w e om.mn\
- ©
-— =20t
£
Q
o
S R
=
- =2LL
r® £0°02H—
1898 —
- o 0
LR~
62 451
o)
62 VP —
& = B
[}
T <
z 3
- I
r— ©
k]
veghl—
e —
P 2
[}
S £
= 0o
s<£
(2} by oD
Lo %m
o
)
o=
o
Y £9
S —
g

100 90 80

1 (ppm)

110

NHAc
180 170 160 150 140 130 120

190

210 200

S-58



3
e Ik am ity R N N RN N R R R N N o N N o N N B N N N N N B N N B N N N o N N N N N N N N N et .
Rmmuwmm | o L |-28000
Sl

/ 26000

24000

22000

20000
NHAc

18000

16000

Am) D@ Hm| [Po] [s@ 14000
7.51 4 37 . . 4136

12000

10000

8000

6000

4000

2000

2
)=

3.11—=

r-2000

120 F—

1.85
247
0.98—=
0.88
2.89

3.15-%
~ -+ 197/

rb-ph#c-10-93.10.fid  &§ & &R 8%885

58 3 ESERN
NU_$13_1 mg /home/walks oj%/?a a%S cheidt rcb 3‘§13§7 fExge +1600C

—79.21
—75.89
62.27
—24.24
—14.25
—8.69

F1500¢
“\l\\ F1400¢
1300
1200
NHAC F1100C
1000
9000
8000
7000
6000
5000
4000

3000

‘ [N ! .

r-1000

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110f1:oo ) 90 80 70 60 50 40 30 20 10 0O -10
ppm

S-59



rb-phre-11-29.10id seusseeygeyhags NREETLINE33]S 59RYYFRRRER
PROTONCDCI3/home/walkonldata/Schgdtrcba:ﬁ EIIIIIIEII Qoiaiiaadaqe - PR
s — = =
(@)
Me ”\
* TOiPr
e e | |
—— ] /s
NHAc
e (m) F@| |Hm K@) [0 @)
7.08 4.99 4.00 2151|146
A(m) B EQ]| |Gm) J) L) || P)
7.38 6 36 4.43 2.67 | .00 || 1128
Q (m)
20
o
|
A e B B G B L B
88 g &8 53 5 3% 858
- o = - o - o =] ®wO O oOw
T T T T T T T T T T T T T T T
14 13 12 11 10 9 8 7 6 5 4 2 1 0 -1
1 (ppm)
phrc-11-29.1g fid gw© g 28 3 58 dsez o T
Nucw1mgammmmwma@mwmﬁma@n@@sg e N33 3 i
\ A/ A Y <0 (e 112N
0 0]
Me ”\
© TOiPr
Me o7
NHAc
|
|
|
| !
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 5 40 30 20 10 0 -0
ppm

S-60

4000

3800

3600

3400

3200

3000

2800

2600

2400

2200

2000

1800

1600

1400

r1200

1000

800

600

r400

200

ro

r-200

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

r1500

r1000

500

r-500



15000

14000

13000

12000

NHAc 11000

10000

9000

K (m) M (m) P (s) S (m)
3.90 263 0.20 18000

m) G| |H@ J(m) L(m)|IN(s)||O(d) R (m)
9 141 |5.37 4.08 2.85((2.14 0.49 7000

Q(m) 16000
1.00

B3=
83

~ >

5000

4000

3000

2000

| 1000
h

=
-

ro

1911

1.71=

r-1000

2.10—=
1.67—=
1.00—=
1.07—=
1.33x
2.33-1
1.94-1
1.761
3.22-=
3.22=
3.20
- -4 1.00~

o 4

-
N
—
w
o
N
~
jry
—
o
©
~
(9]
IN
w
N

6
1 (ppm)

43

rb-phrc-11-31210.fid e 5
NU_C13_1mg /home/walkon/dat&/Scheidt rcb 388 5
[ I \

11000

— 13
12898
~ 12658
_ 12255
—119.96
77.93
7730
770
76.79
7473
60.93
6088
3213
165
o467
20,24
1459
973
va
332
<31

L
3

10000

9000

8000

NHAc

7000

6000

5000

4000

3000

2000

r1000

o

~-1000

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 HOﬁPO)% 80 70 60 50 40 30 20 10 0 -10
ppm

S-61



o o o
o o o o o o o o o o o o o o o o o
§ 8§ E 8§ 38 88 8 888 8 g 8 2 8 g8 g 8 g g8 8 g g 8 , ¢
< @ « - =} =] S S =] =} =} =} S =] =4 - - @ o ~ © o b @ X - ° !
-~ - ~— - - o 5] N~ © Te) < (5] N — o 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 [
L~
;
- o
851
0202~
— o F L9Pe~_
= =z
-~ <
o~ [Eo 5 »Nm.m 1§18~
Ex 5 80°¢ 80ze~
Sz c @ﬁ 0t | oy
5 0000000 — =ge'¢
o~
EL = F00+
oo || EX = 7
S
- ™
o 26°09—
Eo ok
o~ [ fua =160 0 ¥ 7699 —
Ex . PR
o< =460 99/
— ol
E- - F o 1211
-6 | TH - = e v6'LL
oG =260
S L o_
w — =00 €
Q
o
€= T vz |
wr | EQJEZ]IAR == FToorn
- m ™~ ~ = €21
< 0y 06'641
mm.mmr/
L o om.wwr/
mm.wﬁ/
£5'82L~L
26821~
19'GEL~_
ro Y8R,
-y~
15—
°] @ Q
< L o o <
T - [ T
pz4 5 pd
[
<
< s 2 o
han
o so8g ~ o
rom—
8
o i 3 o
/ 3 /
— 2 E o= 3
W. A Fe S < W. PR
Ris—
[aV)
-~— O e}
=
P R
£9 ‘.
Q -
) "
£z

Me

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

210 200

S-62



B (m)
7.10

NHAc

o o o o
o o (=] o o o o o o o o o o
o o (=] (=] o o o o o o o o o
N -~ o o o o (=] o o (=] o o —
- -~ — (o2} @ ~ © w0 < (] N - o 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
EQ
=
—oloo =|z¢
EQ 283 S0y
S ,ﬂ%W 2@ €6
S ===
EQZ| o~ =1 152
o= 9ee
| z3
oY =2y'e

Hlm_..m

E=lee

680

€80

=Gl'g
=0L'e

1 (ppm)

10

13 12

14

o o o o
(=] o o o o
el o w0 o o
N N — — wn
1 1 1 1 1
19°EL~_
PSyL—
S06L~
1202~
09'7g—
svoe
EATAS
gree”
§8'09—
91'59—
£L 7. —
6T
YE6LL—
eveeL—
%6831 —
-
0681~
66981~
[§]
8S i —
T 8}
ko) <<
5 o2 2
7]
3
©
R
C
80PL—
89| —
M
2 @]
<
o R (@) |_\
=Q - N
-0 O 8
jal 51 S N
&5l —
?E
-0 (@] (@)
o
.mm_ -
D %
2= (0]
=

-10

190 180 170 160 150 140 130 120 110f1200)90 80 70 60 50 40 30 20 10
ppm

210 200

S-63



NSNS T ON©O
DHYIINNNA

rigphres 1228 G fin

NHAc
E(m)
4.45
D (m) Im)| |L(s) R (m)
.12 417| [3.29 1.84
AR C@)| |F@ H (m) | | K (m) Q(s)||G(d)
7.7 13| |5.37 427 || 3.49 2.14([1.46
J (m) B (m) M (s)
4.08 272 1.32
]!
1] T Y | Y
iy T i L B L L
QR 2 8 2982 58 & 8533
o o - (SRR oo o o ool
T T T T T T T T T T T T T T T T
14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1
1 (ppm)
phrc-11-28.1§id I 2% 8 B8 alls = ©wmn am cown
NU_C13_1mgCDCI3 /home/w&l@n/data/Scheldt,‘rctis% 58 O ARESaSR Ny vov
SO NY¥S88s 8n I8
1 N TN T /7 SN NN
“Me
NHAc
|
|
| \‘ | |
| | | | | i ' 1 ' ‘ l ” ‘
|
" 0 " lul N l “ 2 " INY o b m ll " " n J 1Y TR T » 5 "
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 1200 ) 90 80 70 60 50 40 30 20 10 0 -10
ppm

S-64

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

r1000

r-1000

20000
19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000

1000

r-1000




phrc-11-31.10.fid SEFESET2 58539999399 883335088038I83588093
PROTON CDCI3 /home/walkon/data/Scheidt/rcb393 RN ACIR SR RGP EA S S S S S b AR D i rininirkabrry 13800
3600
0 0
Et |1\\ 13400
U SoMe 3200
bl Tl
Me 0 12800
2600
NHAc
12400
12200
(d) H (m) K (s)
12 4.04 214 2000
A [E@|F@|am|ne | [Ja] [M@|[Am L1800
747 | |6.13]|537|| 4.45 |3l61| | 2.62| |1.45]||0.89
1600
D (d) L (m)
6.99 1.87 L1400
11200
1000
800
1600
400
' 200
[
Fo
sdy & & gl 3 200
~-oco — — orm o
T T T T T T T T T T T T T T T T T T T
6 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0 -1 2 3
1 (ppm)
phre-11-31.10.fig 23 58 5e3LK 2 © 3 Lonzzy
NU_C13 1 mg /Bome/walkon/dat&/&cheidt/rcb393 § 8 &IIKE o z o NSES YT | 6500
I I (I VSNV i1 I I TN
o 0 16000
Et ”\
o 15500
: OMe
w ., 15000
Me* ’
4500
NHAc
4000
13500
3000
12500
2000
1500
| |
! ‘ 11000
500
N ‘ ' [ Lo
F-500

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11of1zoo ) 90 8 70 60 50 40 30 20 10 0 -10
ppm

S-65



phre-11-32.10.fid
PROTON CDCI3 /home/walkon/data/Scheidt/rcb393

NNGCGO BUFIIFFIF TSI FIFTOANNNNN N v
SIS IS SIS Ty odadaq 2 3800

7.37
7.23
712
1
00
99

I
Y
<
<
[
{
1
]
]

o 3600
n:rll\\ 3400
Y S0OMe 3200

NG [ N || ] ] [ 13000

Me 12800

0]

2600
NHAc
2400

+2200
H (m) K (s) A (m)
4.04 214 .93 +-2000
E@|F@||Gm| e | [Jay| [M@) L
6.1315.37 || 4.45 | 3/61| | 262 |1.45 1800

1600

(

~ >
N3 [
ne

>0
[
=
3

1.87 H1400
1200
1000
800
600
400

200

200

1.86~=
0.90~

~ 7 093~

1.00-=
1.16-=
085/

phrc-11-32.10.fi@ 33
g&heidtrcb3es § 8 FINRE d¥ 2§ dgsss L8000
I

NU_C13 1 mg /Bome/walkon/dat&/!
O

— 14267
—138.10
122.87
07
7808
7488
—61.06
5260
35
20
92
40
73

"o

17500
ﬂ3r|l\\
. OMe 7000

6500

6000
NHAc 15500
5000
L4500
L4000
3500
3000
L2500
L2000
H1500
H1000
F500

W o .

-500

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 :00 ) 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

S-66



O O O O O O O O O O O o o o o o
O O ©O O O O O O O O O 9O O O 9 O O 9 O o O 9 o o O
O O O © O O O O O O O O O O 9O © O O O © O 9O O o o
M N - O O O~ O U ¥ O N -~ O O O O O O O O O O - o
Ny YT T T T T YT T T TR TR Y
e
WL
el
el
el
L
L
s
st
oL
€51
S
ww.g
oy e
= e
“" I E5 - o8'C
=2 Frest
Tw
W\% - Fssh
25
M 5] [OX) 6oz
H\4 W,5 N#o¥
£ S8V
w < -
T
— — ' =00
S fa)
o ooz
o T
o —— =80
==
E=IER =’ a0z
[ 612
L

1 (ppm)

15 14 13 12 1 10

16

o o o o o o o o o
o o o (=] o (=] o (=] o o
o 5] o 0 o 0 o 0 o o
L b bl ? ? N @ T T i
€57 —
vg0e—
6226 —
1058— I
1025— —
98'09—
eLvL
929/
o
1212
08'LL
9Y'00L— -
290+ —
L0°5kL
vasiL
18’5zt —
yL62L -
om.mﬁv
eggfl
ma.%rv
(]
0ZHRL—
=
]
[}
S
L
SeggL— =z
8
05981 —
= \
e
LIgh—
= [0}
3 =
5] N
T E (@]
= 6 O
S < o 5 S
52 S e
o E
S8 I —
~o O o
O
£9
22 E

T T T T T T T T
9 8 70 60 50 40 30 20 10

T T T T T T T T
190 180 170 160 150 140 130 120 110

210 200

-10

100
1 (ppm)

S-67



References

(1) Perrin, D. D.; Armarego, W. L. F., Purification of Laboratory Chemicals. 3rd ed.; Pergamon

Press: Oxford, 1988.

(2) Patel, B. H.; Mason, A. M.; Patel, H.; Coombes, R. C.; Ali, S.; Barrett, A. G. M. Conversion
of a-Amino Acids into Bioactive o-Aminoalkyl Resorcylates and Related Dihydroxyisoindolinones. J.
Org. Chem. 2011, 76, 6209-6217.

(3) Fang, Z.; Clarkson, G. J.; Wills, M. Asymmetric reduction of 2,2-dimethyl-6-(2-
oxoalkyl/oxoaryl)-1,3-dioxin-4-ones and application to the synthesis of (+)-yashabushitriol.
Tetrahedron Lett. 2013, 54, 6834-6837.

(4) Betori, R. C.; Miller, E. R.; Scheidt, K. A. A Biocatalytic Route to Highly Enantioenriched -
Hydroxydioxinones. Adv. Synth. Catal. 2017, 359, 1131-1137.

(5) Hon, Y.-S.; Hsu, T.-R.; Chen, C.-Y.; Lin, Y.-H.; Chang, F.-J.; Hsieh, C.-H.; Szu, P.-H.
Dibromomethane as one-carbon source in organic synthesis: microwave-accelerated a-methylenation

of ketones with dibromomethane and diethylamine. Tetrahedron 2003, 59, 1509-1520.

S-68



