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1. General information

Air and moisture sensitive reactions were carried out in oven-dried glassware sealed with rubber septa under a
positive pressure of nitrogen. Similarly all solvents were dried and distilled according to the standard methods
before use, then were transferred via syringe. Reactions were stirred using Teflon-coated magnetic stir bars.
Pd,(dba)s the Grubbs’ catalysts were purchased form a Aldrich Chemical, Strem Chemical Inc. Chiral Trost
ligands were purchased from Strem Chemical Inc. and stored in glove box. Reactions were monitored by thin-
layer chromatography carried out on 0.25 mm E. Merck silica gel plates (60F-254) using UV light as a visualizing
agent and acidic p-anisaldehyde, and heat as developing agent. Flash chromatography was carried out on Merck
60 silica gel (230-400 mesh). *H and ¥C NMR spectra were recorded on Bruker (300 MHz, 500MHz and
600MHz) spectrometer. *H NMR spectra were referenced to CDCls (7.26 ppm), and reported as follows; chemical
shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet, br = broad). Chemical shifts of
the 3C NMR spectra were measured relative to CDCls (77.23 ppm). Infrared spectra were recorded on a Bruker
Vertex 70 spectrometer. Specific rotation data were measured on Rudolph Research Autopol IV polarimeter.
HPLC was performed with an Agilent Technologies 1220 infinity LC system. Mass spectral datas were obtained
from the Korea Basic Science Institute (Daegu) on a Jeol JMS 700 high resolution mass spectrometer (FAB, EI)
and Organic Chemistry Research Center in Sogang University on a Bruker ultra High Resolution ES1 Q-TOF MS

/ MS Compact System (ESI).
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2. Optimization Table

o
0 H
cyo H Pdy(dba)s (2.5 mol%) N N
B N (RR) - Ly (5 mol%) \ PY | JY
C 4 | O 4 (@]

Il N" 0 Solvent (0.1 M), rt, time B H
H additive (X equiv) Cy0™ cyo ™
1a Thymine 2a-T 2a »
Table. Optimization Table
Entry solvent Additive Time (h) Yield Yield ee (2a,%)
eq) (2a,%)H (2a’,%)[]
1 CH:Cl - 1 9 41 58
2 CH:Cl EtsN (1.0) 1 36 - 85
3 CHCl, K3PO4 1 8 71 N.D.[
(0.25)
4 THF - 4 35 25 81
5 Acetone - 25 56 19 98
6 Acetone EtsN (1.5) 24 21 33 97
7 Acetone K3PO4 2 25 38 99
(0.25)
8 DMF - 4 96 <5 71
9 DMF EtsN (1.5) 5 80 15 99
10 DMF K3PO4 4 59 15 98
(0.25)
11 Pyridine - 20 38 2 91
12 Pyridine K3PO4 1 94 Trace 96
(0.25)

[a] Isolated yield. [b] NMR vyield. [c] not determined.
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3. Substrate Synthesis for alkoxyallene

Compound 1at, 1b? have been prepared according to the literature procedure.

General procedure A : allene synthesis

pZ

Br 4 .
(1.1 equiv) = . =
OH —~~  t-BuOK (0.5 equiv O !
Bno/j/ NaH (1.1 equiv) Bnoﬁ/o\/ ( quiv) Bno/j/ A
BnO THF BnO THF BnO

1c

To a suspension of NaH (810.0 mg, 20.3 mmol, 60% dispersion in mineral oil) in THF was added 1,3-

Dibenzyloxy-2-propanol (5 g, 18.4 mmol) in THF (total concentration, 0.5 M) at 0°C under nitrogen atmosphere.

The reaction mixture was stirred for 5 min at room temperature. The solution of propargyl bromide (2.3 mL, 20.6

mmol, 80% wt% in Toluene) was added to a reaction mixture at 0°C. The resulting mixture was stirred at room

temperature until TLC indicated complete conversion of starting material. The reaction was quenched with
distilled water followed by extraction with Ethyl acetate. The organic layers were combined, dried over anhydrous
Na,SO4 and then concentrated under reduced pressure. The crude propargyl ether was filtered through a pad of
celite and washed with Et,O. The organic mixture was concentrated and diluted in THF (1.0 M), +~-BuOK (1.0g,
9.2 mmol) was added. The resulting mixture was stirred at room temperature until TLC indicated complete
conversion of propargyl ether. The reaction mixture was diluted with Et,;O and filtered through a celite pad,
washing with Et,O. The solution was then concentrated and purified by flash column chromatography

(Hexane:EtOAc = 95:5) afforded 1c¢ (3.7 g, 12.4 mmol, 67.3% yield over two steps) as a colorless oil.

(2-(propa-1,2-dienyloxy)propane-1,3-diyl)bis(oxy)bis(methylene)dibenzene (1c) :

R;0.14 (Hexane:EtOAc = 95:5); '"H NMR (500 MHz, CDCl3) § 7.27-7.36 (m, 10H), 6.75 (t, J = 6.04 Hz, 1H),
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5.41 (d, J = 6.02 Hz, 2H), 4.56 (dd, J = 12.03, 16.57 Hz, 4H), 4.07-4.10 (m, 1H), 3.64-3.71 (m, 4H).; 13C NMR
(125 MHz, CDCls) § 201.0, 138.3, 128.5, 127.8, 127.7, 121.1, 91.1, 76.5, 73.6, 68.8.; IR (KBr) v 3031, 2903,

2860, 1952, 1453, 1196, 1090, 1023 cm™'; HRMS (EI) caled for C20H2,03 (M*) 310.1569, found 310.1570.

0
]
C3H,

3

(E)-1-(propa-1,2-dienyloxy)hex-2-ene (3) : Using the general procedure A and purified by Kugelrohor
distillation under diminished pressure to afford 3 (3.4 g, 24.9 mmol, 50.0% yield over two steps) as a colorless
liquid.

R¢ 0.53 (Hexane:EtOAc = 95:5); *H NMR (300 MHz, CDCl3) § 6.73 (t, J = 5.9 Hz, 1H), 5.79-5.70 (m, 1H), 5.65-
5.55 (m, 1H), 5.44 (s, 1H), 5.42 (s, 1H), 4.03 (d, J = 6.0 Hz, 2H), 2.07-2.00 (m, 2H), 1.47-1.35 (m, 2H), 0.90 (t, J
=7.3 Hz, 3H).; 3C NMR (125 MHz, CDCls) § 201.6, 135.9, 125.4, 121.4, 90.8, 69.7, 34.6, 22.4, 13.9.; IR (NaCl)
v2960,2931,2874, 1954, 1730, 1673, 1445, 1379, 1350, 1195 cm™*; HRMS (EI) calcd for CgH140 (M+) 138.1045,

found 138.1044.

=
o
Bno/\&\/

6

(S)-((2-(propa-1,2-dienyloxy)but-3-enyloxy)methyl)benzene (6) : Based on a modified general procedure A,
compound 6 was obtained from (S)-1-(benzyloxy)but-3-en-2-ol%. To a solution of propargyl ether (1.00 g, 4.62

mmol) in THF (4.6 mL, 1.0 M), t-BuOK (54.4 mg, 0.46 mmol) was added. The resulting reaction mixture was

stirred for 3h at 0 °C. The reaction mixture was passed through a pad of celite and concentrated under reduced

pressure. The crude product was isolated by flash column chromatography (Hexane:Diehtyl ether = 97:3) to afford
6 (346.3 mg, 1.60 mmol, 34.6%) as colorless liquid, and recovered the starting material (556.1 mg, 2.57 mmol,

55.6%).
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Rr0.25 (Hexane:EtOAc = 95:5); [o]2p +1.25 (¢ 1.30, CH,Cl,); *H NMR (300 MHz, CDCls) § 7.28-7.35 (m, 5H),
6.70 (t, J = 5.95 Hz, 1H), 5.75-5.86 (m, 1H), 5.37-5.42 (m, 2H), 5.35-5.28 (m, 2H), 4.59 (dd, J = 12.22, 13.88 Hz,
2H), 4.34-4.39 (m, 1H), 3.52-3.63 (m, 2H).; 13C NMR (75 MHz, CDCl3) 5 201.7, 138.2, 134.9, 128.5, 127.81,
127.76,120.6, 118.3, 90.8, 78.4, 73.5, 72.0.; IR (KBr) v 3032, 2977, 2860, 1953, 1445, 1195 cm™:; HRMS (FAB)

calcd for CisH170; (M+H*) 205.1229, found 205.1235.

=
n, O
BnO~ ( A

ent-6
(R)-((2-(propa-1,2-dienyloxy)but-3-enyloxy)methyl)benzene (ent-6): Based on a modified general procedure
A, compound ent-6 was obtained from (S)-1-(benzyloxy)but-3-en-2-ol.
All spectral data matched a compound 6 except for the sign of specific rotation:

[0]%p -0.77 (c 0.52, CHCls)

\

BnO O~
_

13
(S)-((2-(propa-1,2-dienyloxy)pent-4-enyloxy)methyl)benzene (13) : Based on a modified general procedure A,
compound 13 was obtained from (S)-1-(benzyloxy)pent-4-en-2-ol* and purified by flash column chromatography
(Hexane: CHCl, = 85:15) to afford 13 (2.5 g, 10.9 mmol, 39.0% yield over two steps) as a colorless liquid.
R:0.28 (Hexane:EtOAc = 95:5); [a]??p -11.86 (c 0.59, CHCl,); *H NMR (500 MHz, CDCls) 6 7.28-7.37 (m, 5H),
6.71 (t, J = 5.95 Hz, 1H), 5.75-5.83 (m, 1H), 5.39-5.45 (m, 2H), 5.06-5.12 (m, 2H), 4.57 (dd, J = 12.12, 18.60 Hz,
2H), 3.92-3.96 (m, 1H), 3.56 (d, J = 4.84 Hz, 2H), 2.41-2.44 (m, 2H).; *C NMR (125 MHz, CDCls) & 201.4,
138.3, 133.9, 128.5, 127.8, 127.7, 120.9, 117.7,90.7, 76.9, 73.5, 70.6, 35.4.; IR (KBr) v 3032, 2977, 2860, 1952,

1445, 1195 cmt; HRMS (FAB) calcd for C14H100, (M+H*) 219.1385, found 219.1388.

V4
o’
TBSO

15
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((2R,3S)-3-(benzyloxy)-2-(propa-1,2-dienyloxy)hex-5-enyloxy)(tert-butyl)dimethylsilane (15) : Based on a
modified general procedure A, compound 15 was obtained from 3-(benzyloxy)-1-(tert-
butyldimethylsilyloxy)hex-5-en-2-ol° and purified by flash column chromatography (Hexane:Et,O = 98:2)
afforded 15 (1.46 g, 3.89 mmol, 19.0% yield over two steps) as a colorless oil.

R 0.51 (Hexane:Et,0 = 95:5); [0]®p = +5.20 (¢ = 1.00, CHCls); *H NMR (300 MHz, CDCls) § 7.26-7.37 (m, 1H),
6.70 (t, J = 6.0 Hz, 1H), 5.87 (ddt, J = 17.2, 10.2, 7.1 Hz, 1H), 5.33-5.47 (m, 2H), 5.03-5.17 (m, 2H), 4.63 (d, J =
11.4 Hz, 1H), 458 (d, J = 11.4 Hz, 1H), 3.72-3.89 (m, 4H), 2.29-2.48 (m, 2H), 0.90 (s, 9H), 0.06 (s, 6H).; 1°C
NMR (75 MHz, CDCl3) 6 201.5, 138.8, 135.2, 128.5, 128.1, 127.7,121.5, 117.4,90.9, 80.4, 77.4,72.8, 61.4, 355,
26.1,18.5,-5.1.; IR (KBr) v 3071, 2929, 2857, 1954, 1647, 1463, 1254, 1200, 1099, 836 cm™*; HRMS (ESI) calcd

for C22H34NaOsSi (M+Na*) 397.2169, found 397.2169.
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4. Synthesis N-glycosides

General procedure B : Pd-catalyzed hydroamination

F
o
OrNYNH
s O
/
121

(S,E)-5-fluoro-1-(1-(hex-2-enyloxy)allyl)pyrimidine-2,4(1H,3H)-dione (12-1) : A solution of 3 (276 mg, 2.0
mmol) in distilled pyridine was added to a suspension of Pd,(dba); (45.8 mg, 50.0 pmol), (R,R)-L3 (98.6 mg,
0.125 mmol), KsPO4 (106.1 mg, 0.5 mmol) and 5-fluoro uracil (390.2 mg, 3.0 mmol) in distilled pyridine (total
concentration of solvent, 0.1M) under nitrogen atmosphere. The reaction mixture was stirred at rt for 12h. The
reaction mixture was filtered through a celite pad and washing with CH,Cl,. The solution was then concentrated
and purified by flash column chromatography on silicagel (Hexane:EtOAc = 90:10) to afford 12-1 as a white solid
(416.0 mg, 1.55 mmol, 77.6% vyield).. Silica gel was deactivated with few drops of EtsN and CDCl; was

deactivated with K.CO3 before use.

Rr 0.27 (Hexane:EtOAc = 90:10); [o]%p = -68.5 (¢ = 0.50, CHCI3); m.p.: 49-51 °C; *H NMR (500 MHz, CDCls)

§10.0 (br, s, 1H), 7.33 (d, J = 5.6 Hz, 1H), 6.23 (dd, J = 3.5, 1.6 Hz, 1H), 5.71-5.80 (M, 2H), 5.54 (d, J = 12.2 Hz,
1H), 5.26-5.46 (m, 1H), 5.42 (d, J = 10.6 Hz, 1H), 4.01 (ddd, J = 19.5, 7.1, 6.4 Hz, 2H), 2.01 (d, J = 7.15 Hz, 2H),
1.38 (g, J = 7.35 Hz, 2H), 0.88 (t, J = 7.35 Hz, 3H).; *C NMR (125 MHz, CDCls) § 157.4, 157.2, 150.0, 142.0,
140.1, 137.1, 133.0, 124.34, 124.28, 124.1, 120.2, 83.0, 70.2, 34.5, 22.2, 13.8.; IR (NaCl) v 3435, 2961, 3435,
2961, 2091, 1660, 1465, 1383, 1341, 1245 cmt; HRMS (FAB) calcd for CisHisFN,Os (M+H*) 269.1301, found

269.1301.

General procedure C : Ring Closing Metathesis

F
o
0 .\\N\”/NH
!
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(S)-1-(2,5-dihydrofuran-2-yl)-5-fluoropyrimidine-2,4(1H,3H)-dione (12) : To a solution of 12-1 (416.0.0 mg,
1.55 mmol) dissolved in CH.Cl, was added the Hoveyda Grubbs®™ catalyst (48.6 mg, 0.08 mmol) at room

temperature. The resulting reaction mixture was stirred at 40°C for 10 min. The solvent was removed under

reduced pressure and purified by flash column chromatography on silicagel (Hexane:EtOAc = 80:20) to afford 12
as a white solid (246.0 mg, 1.24 mmol, 80.1%). The enantiomeric excess (91.2% ee) was determined by HPLC
on a chiral column (Chiralpak ID, Hexane: EtOAc = 60:40, flow rate = 1.5 mL/min, UV = 254 nm, retention time

= 23.56 (minor), 31.82 (major)).

R 0.21 (Hexane:EtOAc = 50:50); [a]®p=—137.7 (c = 1.0, CHCl3); M.p. <260°C decomp.; *H NMR (500 MHz,
CDCl3) 3 7.11 (d, J = 5.6 Hz, 1H), 7.01 (5, 1H), 6.49 (d, J = 4.8 Hz, 1H), 5.86 (s, 1H), 4.86 (d, J =12.0 Hz, 1H),
4.75(d, J = 13.9 Hz, 1H).; 3C NMR (125 MHz, CDCl3) § 157.1, 156.9, 149.3, 141.9, 140.0, 134.2, 124.6, 123.9,
123.6, 91.5, 76.2.; IR (NaCl) v 3171, 3051, 2923, 2831, 3171, 3051, 2923, 2831, 1801, 1658 cm™; HRMS (EI)

calcd for CgH/FN2O3 (M *) 198.0441, found 198.0443.

P ” e ——
mal |- T
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= “;“:"X Ltar & Dilecien Fas ien aem Dilutionms : 10000
Uaa Multipliss & Dilution Fastes wit = Taa Multiplies & Dilatisn Pastas with ISTDa

Signal 1: VWDL R, Wavaleagen-284 am Signal 1: VWOl A, Wawalangth-254 am
Faak RetTime Typa Width  Reaa Haignt neaa
+  ming [min]  [wAT+a] frete .
s [ |=mmmmmeeee |mmmmmee |=mmmmeee |
1 13.348 BV 0.3445 S0ES.326E6 217.07118 48.7122
Z 150855 VB 0.4081 5128.02441 184.00221 50.2878

Faak RatTima Type Width  Asaa Haignt  heaa
# [min] [min] [mAT*a] [mAT] &
i L R e I 1
3555 VWV 1.560% 2216.86377 55_52372 4.4028

5

1 23.555 VW 5.52 .
Z 31.815 V¥ 0.8534 4.81337ad  BE0.78535 3E.E571

Tetala = 1.015744  401.07238 Totals : 5.03456a4  520.20367

F

=
O._«N NH

T

(-)-Tegafur
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(S)-5-fluoro-1-(tetrahydrofuran-2-yl)pyrimidine-2,4(1H,3H)-dione ((-)-Tegafur) : Pd/C (2 mg, 10 w%) was
added to a solution of 12 (20.0 mg, 0.10 mmol) in MeOH (1 mL). The resulting reaction mixture was stirred at rt
under a hydrogen atmosphere (balloon) for 10 min. The mixture was passed through a pad of celite and the filtrate
was concentrated under reduced pressure. The crude mixture was purified by flash column chromatography on
silicagel(Hexane:EtOAc = 10:90) to afford (-)-Tegafur as a white solid (16.0 mg, 0.08 mmol, 78.0%). The
enantiomeric excess (89.8% ee) was determined by HPLC on a chiral column (Chiralpak 1B, Hexane: EtOAc =
90:10, flow rate = 1.0 mL/min, UV = 254 nm, retention time = 25.34 (major), 28.85 (minor)).

R 0.21 (Hexane:EtOAc = 50:50); [0]®p=—68.1 (¢ = 0.7, CHCl) (lit. [0]®p=—70.0 (c = 0.5, CHCI3)®; m.p.: 170-
171 °C; 'H NMR (500 MHz, MeOD) 3 7.74 (d, J = 6.6 Hz, 1H), 5.95 (ddd, J = 6.1, 3.3, 1.3 Hz, 1H), 4.26 (dt, J =
7.6, 5.1 Hz, 1H), 3.90-3.95 (m, 1H), 2.31-2.38 (m, 1H), 2.05-2.11 (m, 1H), 1.95-2.04 (m, 2H).: *C NMR (125

MHz, MeOD) 6 159.9, 159.7, 150.8, 142.8, 140.9, 126.2, 125.9, 88.9, 71.3, 33.4, 25.0.; IR (NaCl) v 3419, 3179,

3049, 2824, 1707, 1427, 1406, 1181, 1107, 1073 cm™}; HRMS (EI) calcd for CsHgFNO3 (M *) 200.0597, found

[ T TR TR T R R T —— -
mill B il +
8 1204
400 &
350 100
s00]
0]
204
o]
200
= 0]
100 &
E s
s LS
B
Ey = £y £ i = E] = E] E) i
A=8a Fessant Rapest Azea Fescent Repest
sostaa By : signa1 Soztea By : signal
Meltiplias: : 1.0000 Heltiplias: : 1.0000
Dilation : 1.0000 Dilutisn: X 1.0000
Usa Meltiplies & Dilstien Factes with 13TDa Usa Multipliss & Dilutisn Factos with ISTDa
Signal 1: VWDL A, Wavalangth-254 mm Signal 1: VWDL X, Wavalangth-252 mm
ek RetTime Type Widch Rrea Heigne hzaa Paak RATIima Typa Wiatn R=az Haigne Araa
§  mun] [min]  [mAU*a] [mRT] . $  [min] Imin]  [mAD*a] [mALT] x
e R | == |=mmm e |=mmmme 1 R e —— e [ |
1 24.886 VB O0.5614 1.67061aé  441.51605 45.5553 1 25348 BV 0.£E03 5E35.78711 125.37016 54,8344
z 27.552 BV 0.E582 1.67360a4  382.66583 50.0447 2 28.847 MM 0.7875 304.08500  £.43210  5.1156
Terala - 3. rae2za8 £28.18172 Tetala - £583.85211 131.8022%
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(S)-1-(1-(cyclohexyloxy)allyl)-5-methylpyrimidine-2,4(1H,3H)-dione (2a-T) : Using the general procedure B,
the mixture of 1a (27.7 mg, 0.2 mmol) and Thymine (25.0 mg, 0.2 mmol) was reacted with Pd2(dba); (4.6 mg,
5.0 umol), (R,R)-L1 (7.9 mg, 10.0 umol) and KsPO. (10.6 mg, 0.05 mmol) at room temperature for 1h. Flash
column chromatography on silica gel (Hexane:EtOAc = 60:40) afforded 2a-T as a white solid (49.8 mg, 0.19
mmol, 94.2% yield). The enantiomeric excess (96.8% ee) was determined by HPLC on a chiral column (Chiralpak
ID, Hexane:iPrOH = 70:30, flow rate = 1.0 mL/min, UV = 254 nm, retention time = 8.04 (major), 9.02 (minor)).
Rt 0.23 (Hexane:EtOAc = 70:30); M.p. 128.6-129.3 °C; [0]%p = -85.5 (c = 0.37, CHCl3); *H NMR (300 MHz,
CDCls) & 8.54 (br, s, 1H), 7.13 (d, J = 1.32 Hz, 1H), 6.30-6.33 (m, 1H), 5.73-5.84 (m,1H), 5.52 (dt, J = 1.44,
17.07 Hz, 1H), 5.38 (dt, J = 1.75, 10.29 Hz, 1H), 3.41-3.48 (m,1H), 1.92-1.97 (m, 1H), 1.93 (d, J = 1.20 Hz, 3H),
1.70-1.73 (m, 3H), 1.51-1.52 (m, 1H), 1.22-1.39 (m, 5H).; *C NMR (125 MHz, CDCls) § 164.0, 151.1, 136.1,
134.2, 119.2, 111.5, 80.8, 76.5, 33.0, 31.5, 25.6, 24.0, 23.8, 12.7.; IR (NaCl) v 3180, 3050, 2931, 2857, 1708,

1684, 1464 cm™*; HRMS (EI) calcd for C14H20N203 (M*) 264.1474, found 264.1477.

. WD FTSOVEORGRSY-F R CRUDED TR S ST
= mall H
A 8
250 I A N
| [
| \
I \
2004 [ |
1 | froel
|
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[ ||
150 \ \ ,
\ 1 1500 4
| [
| [
100 | \
| | \ 1000
| | \
| f \
@ f ! \
I \ 500
/ A\ .
/ . ~. =
04— — + —— 2
75 3 E B 5 I d mi
E] ® Ll mi

Re9a Faztant Repest

Signal
: 1.8000 Sostad By . Signal
Dilution : 1.8008 Maltiplias: : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs Dilutien: : 1.0000
Tag Meltiplies & Diletion Fastes with ISTDs
Signal 1: VD1 A, Wavelength=254 nm
Signal 1: VWIL A, Wavalangth-258 am
F“:k R?;‘J:“" Trpe ::i:']‘ ,m:'ﬁ‘:] ?:E'it A';" Faak RatTima Typa Wisth Reaa Haight Reaa
| | #  [min] [min]  [mAU*a] [mRT] .
St el iy el it R e I — [ ———— I 1
1 E.5EWY  Q.24S5 ASTA.SSATL 273.27MAL 4A.7i58 1 =.252 BV 0.2247 3.83581a4 2635.41748 58.4217
2 9.026 VB ©0.2683 4639.39795 154.44316 50.2842 z 5,181 VW D.4168 €24.73080  20.45050  1.5783
Tatal 1.3582508 26556333

Totals : 9209.45166 527.72847
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(S)-5-methyl-1-(1-(pentyloxy)allyl)pyrimidine-2,4(1H,3H)-dione (2b-T) : Using the general procedure B, the
mixture of 1b (31.6 mg, 0.25 mmol) and Thymine (47.4 mg, 0.38 mmol) was reacted with Pdx(dba); (5.7 mg, 6.3
umol), (R,R)-L1 (9.9 mg, 13.0 umol) and KsPO, (13.3 mg, 0.063 mmol) at room temperature for 3h. Flash column
chromatography on silica gel (Hexane:EtOAc = 80:20) afforded 2b-T as a colorless oil (51.1 mg, 0.20 mmol,
81.0%). The enantiomeric excess (96.1% ee) was determined by HPLC on a chiral column (Chiralpak IA,
Hexane:iPrOH = 90:10, flow rate = 1.0 mL/min, UV = 254 nm, retention time = 8.79 (major), 10.56 (minor)).
R;0.49 (Hexane:EtOAc = 60:40 ); [a]%p=—59.5 (c = 0.46, CHCls); 'H NMR (500 MHz, CDCl3) & 8.48-8.62 (br,
1H), 7.07-7.08 (m, 1H), 6.17-6.19 (m, 1H), 5.79 (ddd, J = 3.71, 10.62, 17.20 Hz, 1H), 5.54 (td, J = 1.52, 17.20
Hz, 1H), 5.40 (td, J = 1.35, 10.62 Hz, 1H), 3.47-3.54 (m, 2H), 1.93 (d, /= 1.10 Hz, 3H), 1.57-1.63 (m, 2H), 0.89
(t, J = 6.74 Hz, 3H ).; 3*C NMR (75 MHz, CDCls) § 164.5, 151.7, 135.7, 133.6, 119.5, 111.8, 83.1, 77.7, 77.2,
76.8,69.2,29.1,28.3,22.5, 14.1, 12.7.; IR (NaCl) v 3185, 3049, 2931, 1694, 1466, 1377, 1251, 1220, 1098 cm™;

HRMS (EI) calcd for C13H20N203 (M+) 252.1474, found 252.1478.

T TR == T 2] T o
mil) E mit) [}
200] 120
o0 H
100
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500
w0 =
s00]
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200
100 0
o] 2
3 10 1 12 mi ) 10 1 = mie
Rsea Feszent Repest A=02 Pascant Rapast
sasted By : signal sostaa By : signai
¥ultiplias: : 1.0000 Multiplias: 1.0000
Dilation: : 1.0000 Dilution: 1.0000
Tas Maltipliss s Dileticn Pastes with 13TDa Usa Multiplies & Diletion Fastas with 15TDa
Sigmal 1 VKDL A, Wavalsngin-isd nm Sigasl 1: VWD A, Wavelengin-zsé am
Paak AetTime Type Width Py Haigne FEY Pask BatTime Typa Widen Zaigne Aoz
#  lminm min]  [mAT*s] [maT] v s mim1 [waT] N
e [ — | [ [ 1 S P S S Y S,
1 5.106 VB 0.2215 1.71430a4  E35.55E7F 50.1214 i e P ien inaeees meams
3 10352 32 0.2722 1.20847ad  E83.87361 45.78% DoiE pamzasiosnane uapoisinz s
Terala 2.42271m4 1=1s.22038 Tetals : 1625.61207 124.26554
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2c-T
(S)-1-(1-(1,3-bis(benzyloxy)propan-2-yloxy)allyl)-5-methylpyrimidine-2,4(1H,3H)-dione (2¢-T) : Using the
general procedure B, the mixture of 1c (31.6 mg, 0.25 mmol) and Thymine (47.4 mg, 0.38 mmol) was reacted
with Pdy(dba)s (5.7 mg, 6.3 umol), (R,R)-L1 (9.9 mg, 13.0 umol) and K3PO4 (13.3 mg, 0.063 mmol) at room
temperature for 4h. Flash column chromatography on silica gel (Hexane:EtOAc = 70:30) afforded 2¢-T as a
colorless oil (86.1 mg, 0.20 mmol, 78.4%). The enantiomeric excess (87.9% ee) was determined by HPLC on a
chiral column (Chiralpak ID, Hexane:iPrOH = 70:30, flow rate = 1.0 mL/min, UV = 254 nm, retention time =
16.93 (major), 19.61 (minor)).
Rf 0.33 (Hexane:EtOAc = 60:40); [a]?®p=—41.5 (¢ = 0.59, CHCl3); *H NMR (500 MHz, CDCl3) § 8.26 (br s, 1H),
7.22-7.35 (m, 10H), 7.12-7.14 (m, 1H), 6.43-6.45 (m, 1H), 5.80 (ddd, J = 3.75, 10.54, 17.18 Hz, 1H), 5.53 (d, J =
17.18 Hz, 1H), 5.39 (d, J = 10.54 Hz, 1H), 4.54 (d, J = 4.29 Hz, 2H), 4.43 (s, 2H), 3.94-3.98 (m, 1H), 3.57-3.63
(m, 2H), 3.48-3.54 (m, 2H), 1.75 (d, J = 0.83 Hz, 3H).; 3C NMR (75 MHz, CDCls) § 164.4, 151.5, 138.0, 137.9,
136.5, 133.7, 128.5, 127.8, 127.76, 127.69, 127.6, 119.6, 111.2, 82.6, 77.6, 77.2, 76.84, 76.80, 73.43, 73.38, 70.1,
69.5.; IR (NaCl) v 3185, 3031, 2926, 2861, 1690, 1495, 1371, 1251, 1075, 1028 cm*; HRMS (EI) calcd for

CasH28N20s (M*) 436.1998, found 436.2000.
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Az8a Pazcant Repest Roea Paceent Repest

Sacted By : signal
Multiplias: :

Dilatisn: : 1.0000
Usa Multipliss & Dilotien Factes with ISTDe

Soctad By : signal
Multipliss :
Dilstion: : 1.0000
Ts@ Multiplias & Dilstien Factes with ISTDa

1.0000 1.0000

Signal 1: VWDl A. Wavelangth-254 om Signal 1: VWDl A, Wavelangth—254 mm

Faak RacTima Type Width h=aa Haight K=z Paak RecTima Typa Width Reaa Haignt Rewa
#  [min] [min]  [mRO*a] [mAIT] * #  Imin] [min]  [mAT+a] [mAT] x
! e [ — I — I e |
i @4 13E2.3IEEF 457158 1 16.323 BV 0.4546 4178.03385 127.40030 53.5302
2 1z.nzd vE 4 1E05.3024% 50.204% 2 15.614 VB 0.5776 265.58761 3.75670  E.0658
Tetals : 5.7576Ba4  34EE.Z0511 Tetils : 4448.02130 131.15700
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(S)-1-(1-(cyclohexyloxy)allyl)pyrimidine-2,4(1H,3H)-dione (2a-U) : Using the general procedure B, the
mixture of 1a (34.6 mg, 0.25 mmol) and uracil (42.1 mg, 0.38 mmol) was reacted with Pd»(dba)s (5.7 mg, 6.3
umol), (R,R)-L1 (9.9 mg, 13.0 umol) and K3PO4 (13.3 mg, 0.063 mmol) at room temperature for 1.5h. Flash
column chromatography on silica gel (Hexane:EtOAc = 70:30) afforded 2a-U as a white solid (55.0 mg, 0.22
mmol, 88.0%). The enantiomeric excess (94.0% ee) was determined by HPLC on a chiral column (Chiralpak IA,
Hexane:iPrOH = 90:10, flow rate = 1.0 mL/min, UV = 254 nm, retention time = 15.89 (major), 17.66 (minor)).
R/ 0.53 (Hexane:EtOAc = 60:40); M.p. 99.6-100.0 °C; [0]*®p = —57.4 (c = 0.48, CHCI3); 'H NMR (500 MHz,
CDCls) 5 8.89-9.01 (br, 1H), 7.33 (d, J = 8.28 Hz, 1H), 6.31-6.33 (m, 1H), 5.75-5.82 (m, 2H), 5.52 (d, J = 17.11
Hz, 1H), 5.38 (d, J=10.58 Hz, 1H), 3.44-3.48 (m, 1H), 1.92-1.95 (m, 1H), 1.65-1.72 (m, 3H), 1.49-1.54 (m, 1H),
1.19-1.42 (m, 5H).; *C NMR (125 MHz, CDCl3) 5 163.4,151.1, 140.5, 134.1,119.4,103.1, 81.3, 77.5,77.2,77.0,
35.0,31.6,25.7,24.0,23.8.; IR (NaCl) v 3185, 3057, 2934, 2858, 1693, 1454, 1381, 1248, 1124, 1061, 1026 cm"

I, HRMS (EI) calcd for C13HisN,O3 (M) 250.1317, found 250.1317.

- . = T T ST
mal { o ] Al
g 000 4 (il
100 ]
350 200
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100
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! £ 17 ) 15 mir] . ds £ 185 i s 13 1ds min]
Azea Paszant Rapest ksea Fescent Repest
Sostad By : signal Sostad By : Signal
Multiplias: : 1.0000 Multiplias: : 1.0000
Dilution: : 1.0000 Dilution: : 1.o0000
Usa Multiplias & Dilution Fastes with ISTDR Usa Multiplias & Dilution Factes with ISTDa
Signal 1: VWDl A, Wavelength-254 am Signal 1: VWD1 R, Waveleagth-234 am
Pask RatTima Typa Width Reaz Haignt Reea Pazk RatTima Typa Width Reea Haight Reea
#  [min] [min]  [mAT*a] [mAT] s #  [min] [min]  [mAU*s] [mAT] .
- [ E— E—— E— -1 —— [ — I — R —— I 1
1 1€.012 BV 0.4327 1.22384ad  414.27515 7727 1 15,852 BV 0.5357 3.6€016€lad 1020.52216 57.0181
2 18.1238 VEAR  0.4208 1.23502a&  443.54813 50.2273 2 17.660 VEA 0.£157 1108.11060 27.17618  2.5845
Tetals : Z.45BBEa4  B57.82327 Tetals : 3.71242e4  1047.65832
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(S)-1-(1-(pentyloxy)allyl)pyrimidine-2,4(1H,3H)-dione (2b-U) : Using the general procedure B, the mixture of
1b (25.2 mg, 0.20 mmol) and uracil (22.4 mg, 0.20 mmol) was reacted with Pd,(dba)s (4.6 mg, 5.0 umol), (R,R)-
L1 (7.9 mg, 10.0 umol) and K3PO4 (10.6 mg, 0.05 mmol) at room temperature for 6h. Flash column
chromatography on silica gel (Hexane:EtOAc = 70:30) afforded 2b-U as a colorless oil (39.8 mg, 0.17 mmol,
83.5%). The enantiomeric excess (96.2% ee) was determined by HPLC on a chiral column (Chiralpak IA,
Hexane:iPrOH = 95:5, flow rate = 1.5 mL/min, UV = 254 nm, retention time = 13.70 (major), 16.54 (minor)).
Rf 0.52 (Hexane:EtOAc = 40:60); [a]?®p=—65.7 (c = 0.44, CHCl3); *H NMR (300 MHz, CDCl3) § 9.17 (br s, 1H),
7.28 (d, J =8.04 Hz), 6.18-6.20 (m, 1H), 5.73-5.84 (m, 2H), 5.53 (dt, J = 1.32, 17.25 Hz), 5.41 (dt, J = 1.44, 10.51
Hz), 3.45-3.56 (M, 2H), 1.55-1.61 (M, 2H), 1.24-1.34 (m, 4H), 0.86-0.91 (m, 3H).; 3C NMR (125 MHz, CDCls)
5 163.6,151.3,140.1, 133.4, 119.7, 103.3, 83.4,69.4, 29.1, 28.3, 22.5, 14.1.; IR (NaCl) v 3194, 3058, 2957, 2933,

2872, 1692, 1457, 1381, 1250 cm*; HRMS (EI) calcd for C12H1sN203 (M*) 238.1317, found 238.1316.

¢

A g = = T i L i 1 = k i

Assa Fascant Rapost
Re9a Paccant Bapest *

Sestas By : s1gnal
Maltiplios : 1.0000
Dilution: : 1.0000
Usa Multiplies & Dilutien Factes with ISTDe

Sestad By : Signal
Multiplias: : 1.0000
Dilsticn: : 1.0000
Usa Multiplies & Dilutien Factes with ISTDS

Signal 1: VWDl R, Wavelangth-254 nm
Sigmal 1: VWDl R, Wavelength-258 nm 3=

Paak RATTim@ Typa Wiach R=ea HEaignT R=aa
¢ [min] [min]  [mAT*a] [mRT] %
I

Paak BAtTima Type Width Reaa Height Re-aa
[min] ®

I

75 45,4072
503 50.5338
Totala : 2.7266404  E7E.20843
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2c-U
(S)-1-(1-(1,3-bis(benzyloxy)propan-2-yloxy)allyl)pyrimidine-2,4(1H,3H)-dione (2c-U) : Using the general
procedure B, the mixture of 1c¢ (62.1 mg, 0.20 mmol) and uracil (22.4 mg, 0.20 mmol) was reacted with Pd,(dba);
(4.6 mg, 5.0 umol), (R,R)-L1 (7.9 mg, 10.0 umol) and K3PO4 (10.6 mg, 0.05 mmol) at room temperature for 24h.
Flash column chromatography on silica gel (Hexane:EtOAc = 70:30) afforded 2c-U as a colorless oil (69.3 mg,
0.16 mmol, 82.0%). The enantiomeric excess (95.8% ee) was determined by HPLC on a chiral column (Chiralpak
IB, Hexane:iPrOH = 70:30, flow rate = 1.0 mL/min, UV = 254 nm, retention time = 8.31 (minor), 9.81 (major)).
Rt 0.41 (Hexane:EtOAc = 40:60); [a]®p = —36.2 (c = 0.58, CHCI3); *H NMR (500 MHz, CDCl3) § 8.78 (br, s,
1H), 7.23-7.36 (m, 11H), 6.44-6.45 (m, 1H), 5.76-5.83 (m, 1H), 5.50-5.56 (m, 2H), 5.38-5.40 (m, 1H), 4.54 (dd,
J=12.29, 16.54 Hz, 2H), 4.43 (s, 2H), 3.94-3.97 (m, 1H), 3.56-3.62 (m, 2H), 3.49-3.50 (m, 2H).; *C NMR (125
MHz, CDCl3) 8 163.2, 151.1, 140.9, 138.0, 137.8, 133.5, 128.6, 128.0, 127.9, 127.7, 119.7, 102.6, 83.2, 77.3, 73.5,
70.1, 69.7.; IR (KBr) v 3191, 3059, 2921, 2864, 1685, 1454, 1381, 1249, 1076 cm*; HRMS (FAB) calcd for

C24H27N20s (M+H") 423.1920, found 423.1918.

T T = T 5] T oA - i T
el El il
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i 10 11 mi & ) 1o bl m
A=ea Pascant Rapest Asaa Fascant Rapest
Sasted By : Signal Sostad By : Signal
Multiplias 1.0000 Multiplias : 1.0000
Dilutions 1.0000 Dilution: : 1.0000
Usa Multipliar & Dilution Factes with ISTDm Usa Multiplies & Dilwtisn Fastes with ISTDe
Signzl 1: VWDl A, Wawalangth-254 am Sigmal 1: VWDl A. Wavalangth-2%4 am
Feak RetTime Type Widcth hoaa Haight Py Faak Ratlima Typa Widch R Haight A=z
§  [minm] [min] [wRT*a] [mAT] x #  [min] [min]  [mAT [maT] J
S S e B = |- 1 1 Bt - 1 PP -l
1 8.442 BB 0.2384 1.05238a4  E58.84485 45.5667 i g.aio=2 5-32-1 JTEn-naes lﬂ--lﬂl: :.115:
2 10.234 BV 0.307¢ 1.05384ad  E41.76318 50.0333 2 s.@isEw 0.301F 3.33031a8  1E6E2.56423 57.2837
Tetals z.12622e4 1240.c02032 Tetals : 3.40232a8  1711.4826%5
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2a-HmU
(S)-1-(1-(cyclohexyloxy)allyl)-5-(hydroxymethyl)pyrimidine-2,4(1H,3H)-dione  (2a-HmU) : Using the

general procedure B, the mixture of 1a (34.5mg, 0.25 mmol) and 5-hydroxy(methyl)uracil (53.3 mg, 0.375 mmol)

was reacted with Pda(dba)s (5.8 mg, 6.3 umol), (R,R)-L1 (9.9 mg, 13.0 umol) and K3PO4 (13.3 mg, 0.063 mmol)

at 0°C for 7h. Flash column chromatography on silica gel (Hexane:EtOAc = 60:40) afforded 2a-HmU as a

colorless oil (55.8 mg, 0.20 mmol, 79.6%). The enantiomeric excess (98.2% ee) was determined by HPLC on a
chiral column (Chiralpak IB, Hexane:iPrOH = 90:10, flow rate = 1.0 mL/min, UV = 254 nm, retention time =
10.31 (minor), 11.38 (major)).

Rr 0.38 (Hexane:EtOAc = 40:60); [a]7b= —53.8 (¢ = 0.58, CHCls); *H NMR (300 MHz, CDCls) & 9.97 (s, 1H),
7.37 (s, 1H),6.32-6.34 (m, 1H), 5.72-5.83 (m, 1H), 5.53 (dt, J = 17.1, 1.3 Hz, 1H), 5.36 (dt, J = 10.4, 1.3 Hz, 1H)
4.40 (g, J = 13.1, 3.9 Hz, 2H), 3.13-3.48 (m, 2H), 1.91-1.95 (m, 1H), 1.70-1.72 (m, 2H), 1.49-1.51(m, 1H), 1.21-
1.42(m, 6H).; °C NMR (75 MHz, CDCl3) § 164.3, 151.0, 137.9, 134.0, 119.5, 114.6, 81.3, 76.7, 58.9, 33.0, 31.5,
25.6, 24.0, 23.8; IR (NaCl) v 3433, 3065, 2934, 2858, 1685, 1468, 1252, 1137, 1094, 940 cm}; HRMS (EI) calcd

for C1aH20N204 (M*) 280.1423, found 280.1426.

O B 2 e e e e [T TR R TR e e S R
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A=ea Fascant Rapast Azea Feccant Rapest
Sestad By : sigmal sostaa By : signal
Multiplies: : 1.0000 Multiplias : 1.0000
Dilution : 1.0000 Dilutien: : 1.0000
Usa Multiplias & Dilution Faetos with ISTDR Tse ¥ultiplies & Ddlution Factes with ISIDs
Signal 1: VWDL A, Wavelength—2s4 am Signal 1: VWDL A, Wavalength-254 om
Faak RatTima Typa Width Reaz Haignt A=z Faak RatTima Typa Width A=z HEaight heaz
#  Imin] Imin] & L] x #  [min] [min]  [mdl+s] [mnT]
e I - | mem | = e 1 e [ — e — R | — 1
1 10,371 MF  0.3286 S1Z1.55762 Z55.77€8E  45.81E0 1 10305 = 1.08083 05177
2 11.6E1 FM  0.5E4E 5155.35785 132.25173 50.1840 2 11.380 VB 58.0361% 55.0823
Tatsls - 1.02810a8  412.0g868 Tetals : 55.05702
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(S)-5-(hydroxymethyl)-1-(1-(pentyloxy)allyl)pyrimidine-2,4(1H,3H)-dione (2b-HmU) : Using the general

procedure B, the mixture of 1b (32.0mg, 0.25 mmol) and 5-hydroxy(methyl)uracil (53.3 mg, 0.375 mmol) was

reacted with Pd(dba)s (5.8 mg, 6.3 umol), (R,R)-L1 (9.9 mg, 13.0 umol) and K3PO4 (13.3 mg, 0.063 mmol) at

0°C for 8h. Flash column chromatography on silica gel (Hexane:EtOAc = 40:60) afforded 2b-HmU as a white

solid (48.0 mg, 0.18 mmol, 71.5%). The enantiomeric excess (95.2% ee) was determined by HPLC on a chiral
column (Chiralpak IA, Hexane:iPrOH = 90:10, flow rate = 1.0 mL/min, UV = 254 nm, retention time = 12.29
(major), 16.00 (minor)).

R 0.50 (Hexane:EtOAc = 40:60); M.p. 60.3-60.6 °C; [a]?’p = —65.6 (¢ = 0.43, CHCl3); 'H NMR (300 MHz,
CDCls) § 9.47 (s, 1H), 7.31 (s, 1H), 6.19-6.20 (m, 1H), 5.73-5.83 (m, 1H), 5.55 (dt, J = 16.3, 1.4 Hz, 1H), 5.41
(dt, J =10.4, 1.4 Hz, 1H) 4.36-.4.45 (m, 2H), 3.51 (t, J = 6.6 Hz 2H), 2.97 (s, 1H), 1.55-1.62 (m, 2H), 1.25-1.33(m,
4H), 0.86-0.91(m, 3H).; **C NMR (75 MHz, CDCl3) § 164.1, 151.2, 137.5, 133.4, 120.0, 114.8, 83.7, 69.6, 58.8,
29.1, 28.3, 22.6, 14.2; IR (NaCl) v 3432, 3067, 2932, 2873, 1674, 1468, 1344, 1253, 1097, 763 cm™t; HRMS (EI)

calcd for Ci3H20N204 (M*) 268.1423, found 268.1424.
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Reea Fassant Rapest Azea Faszent Repsst
Sected By Signal soztaa By : signal
Multipliss: : 1.0000 Multiplias: 1.0000
Dilutien : 1.0000 Dilution: 1.0000
Tsa ¥ultiplisr & Dilation Factos with ISTDs Tse ¥ultipliss & Dilsticn Factes with ISTDs
Signal 1: VWDl A, Wavelangch-254 om Signal 1: VWDl A, Wavalangth—254 om
Paak RetTime Type Width Roea Haignt Asaa Peak RAtTima Typa Width 2 Haight Azaa
#  min] [min]  [mADs] [=RT] x §  Imia] [min] I 1 [eRT]

R L e P R | e o S— 1
1 11.755 BB 0.3744 2. 5lad 1510.10864 45.8350 1 12.251 BV 0.535% 43.36240 S57.€20%
I 15405 BV 0.4644 3.51467a4 1226.38087 E0.1E50 2 16.007 MM 10428 40.53763 €.47871a-1  2.3781

Totals : 7.80358a8 3736.45851 Toralas - 1703.51642  48.01027
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2c-HmU

(S)-1-(1-(1,3-bis(benzyloxy)propan-2-yloxy)allyl)-5-(hydroxymethyl)pyrimidine-2,4(1H,3H)-dione (2c-
HmU) : Using the general procedure B, the mixture of 1c (77.6mg, 0.25 mmol) and 5-hydroxy(methyl)uracil
(53.3 mg, 0.375 mmol) was reacted with Pd.(dba)s (5.8 mg, 6.3 umol), (R,R)-L3 (9.8 mg, 13.0 umol) and K3PO4
(13.3 mg, 0.063 mmol) at rt for 1h. Flash column chromatography on silica gel (Hexane:EtOAc = 40:60) afforded
2¢c-HmU as a colorless oil (79.1 mg, 0.18 mmol, 70.0%). The enantiomeric excess (91.7% ee) was determined by
HPLC on a chiral column (Chiralpak IB, Hexane:EtOH = 90:10, flow rate = 1.0 mL/min, UV = 254 nm, retention
time = 14.37 (minor), 15.55 (major)).

Rf 0.44 (Hexane:EtOAc = 40:60); [0]?’o=—49.3 (c = 0.46, CHCI3); *H NMR (300 MHz, CDCl3) § 9.50 (s, 1H),
7.22-7.38 (m, 11H), 6.45-6.48 (m, 1H), 5.74-5.85 (m, 1H), 5.53 (dt, J = 17.1, 1.1 Hz, 1H), 5.39 (dt, J = 10.5, 1.2
Hz, 1H) 4.54 (q, J = 12.3, 1.5 Hz, 2H), 4.44 (s, 2H), 4.08-4.27 (m, 2H), 3.95-4.02 (m, 1H), 3.55-3.63(m, 2H),
3.48-3.54(m, 2H), 2.78(s, 1H).; 3C NMR (75 MHz, CDCls) § 163.9, 151.1, 138.2, 138.0, 137.9, 133.5, 128.64,
128.60, 128.0, 127.9, 127.8, 119.9, 114.3, 83.3, 77.3, 73.6, 73.5, 70.3, 69.7, 58.6; IR (NaCl) v 3440, 3064, 2926,

2866, 1679, 1496, 1252, 1074, 1028, 739 cm™’; HRMS (FAB) calcd for CasH2sN20s (M*H*) 453.2026, found
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= [ [ 15 15 min] 12 ) i 13 15 min]
Azea Faczant Rapest Asea Feccant Rapest
Sactad By : Signal Soctaed By B Signal
Multiplias: : 1.0000 Maltiplics : 1.0000
Dilation: : 10000 Tilution: : 1.0000
Taa Maltipliss @ Dilation Fistes with ISTDa Tas Multipliss & Dilation Factes with ISTDS
Signal 1: VWDl &, Wavelsngthi-234 o Signal 1: VWDl R, Wavdlangth—254 am
Faak RacTima Typa Width h=aa Haight Rmaa Faak RetTima Type Width heaa Haight heaa
# [min] [min] [maT=a] [mRI] ® 2 [min] [min] [mkT*a] [mRT] !
| | === | = [ Ene— [ n— === I e [ R == [ == 1
1 14.0B1 BV 0.3266 £257.1683F J57.BEEET 45.8223 1 12.370 BV 0.3076 186.2788F  5.E8817  4.1382
Z 15145 WV 0.3806 £382.07310 245.47015F 501777 2 15.543 V¥ 0.3351 4345.5218% 173.78745 S5.3808
Tatala = 1.26352a¢  547.33682 Tetals : 4741.73817 183.67sEE
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(S)-4-amino-1-(1-(cyclohexyloxy)allyl)pyrimidin-2(1H)-one (2a-C) : Using the general procedure B, the
mixture of 1a (27.6 mg, 0.20 mmol) and cytosine (22.2 mg, 0.20 mmol) was reacted with Pd»(dba)s (4.6 mg, 5.0
umol), (R,R)-L2 (6.9 mg, 10.0 umol) and K3PO4 (10.6 mg, 0.05 mmol) at rt for 24h. Flash column chromatography
on silica gel (EtOAc:MeOH = 90:10) afforded 2a-C as a white solid (49.1 mg, 0.20 mmol, 98.5%). The
enantiomeric excess (99.9% ee) was determined by HPLC on a chiral column (Chiralpak ID, Hexane: iPrOH =

80:20, flow rate = 1.5 mL/min, UV = 266 nm, retention time = 5.43 (major), 6.90 (minor)).
R/ 0.27 (EtOAc:MeOH = 90:10); [a]'"p = =79.4 (¢ = 0.34, CHCl3); M.p. 148.5-149.7 °C; 'H NMR (500 MHz,

CDCls) § 7.42 (d, J=7.50 Hz, 1H), 6.46-6.47 (m, 1H), 5.77-5.84 (m, 2H), 5.45 (dt, J = 1.49, 17.08 Hz, 1H), 5.30
(dt, J = 1.37, 10.44 Hz, 1H), 3.43-3.48 (m, 1H), 1.95-1.97 (m, 1H), 1.67-1.73 (m, 3H), 1.48-1.51 (m, 1H), 1.15-

1.40 (m, 5H).; ¥*C NMR (125 MHz, CDCl;) 8 165.6, 156.4,141.8,135.1,118.2,95.2, 81.7,76.4, 33.1, 31.6, 25.6,

24.1,23.9.; IR (NaCl) v 3331, 3184, 2933, 2857, 2242, 1642, 1519, 1488 cm™'; HRMS (EI) calcd for C13H19N30;

(M*) 249.1477, found 249.1475.
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Area Percent Report
Asaa Fascant Rapast
Sorted By Signal
Mult: 1.0800 Sostad By Signa1
Dilu : 1.0800 Maltiplias: : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs Dilmtion: : 1.0000
Usa ¥ultiplias & Dilutisn Factes with ISIDS

Signal 1: VWDl A, Wawalangth—Z6€ nm

Signal 1: VD1 A, Wavelength=266 nm
Peak RetTime Type Width Area Height Area Pesk RatTims Tyme Widch P Hasgme P
[ [win]  [mAU*s] [mau] % # [min] [min]  [mRT*a] [=RT] s

— [ —— [ — R — E— 1
5.5 BEA  0.2518 1.52350a4  526.533040 100.0000

& [min]
ceec]eraneas R P P e [
1 5.431 W 8.2273 1.50675ed 1089.63080 49.9667 1

2 6.500 VB 8.2623 1.50876ed 8592.22961 50.8333
Totals - 1.52350a4 52E.53040

Totals 3.01551e4  1981.85962
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(S)-4-amino-1-(1-(pentyloxy)allyl)pyrimidin-2(1H)-one (2b-C) : Using the general procedure B, the mixture of
1b (25.2 mg, 0.20 mmol) and cytosine (22.2 mg, 0.20 mmol) was reacted with Pd,(dba)s (4.6 mg, 5.0 pmol),
(R,R)-L3 (7.9 mg, 10.0 umol) and K3PO4 (10.6 mg, 0.05 mmol) at rt for 24h. Flash column chromatography on
silica gel (EtOAc:MeOH =90:10) afforded 2b-C as a colorless oil (46.4 mg, 0.20 mmol, 97.8%). The enantiomeric
excess (89.5% ee) was determined by HPLC on a chiral column (Chiralpak IA, Hexane: EtOH = 80:20, flow rate
= 1.0 mL/min, UV = 254 nm, retention time = 6.55 (major), 7.91 (minor)).
R;0.27 (EtOAc:MeOH = 90:10); [a]'7p = —60.9 (¢ = 0.35, CHClz); 'H NMR (500 MHz, CDCls) § 7.36 (d, J =
7.35 Hz, 1H), 6.33-6.35 (m, 1H), 5.77-5.84 (m, 2H), 5.47 (dt, J = 1.50, 17.30 Hz, 1H), 5.33 (dt, J = 1.39, 10.65
Hz, 1H), 3.45-3.54 (m, 2H), 1.54-1.58 (m, 2H), 1.25-1.32 (m, 4H), 0.86-0.89 (m, 3H).; '3C NMR (125 MHz,
CDCl3) 6 166.2,157.0, 140.7, 134.6, 118.4,96.1, 83.7, 69.0,29.1, 28.3,22.5, 14.1.; IR (NaCl) v 3329, 3190, 2956,

2933,2872, 1627, 1489, 1391 cm’!; HRMS (ESI) caled for C12H9N302Na™ (M+Na*) 260.1369, found 260.1370.

Azea Fascent Rapest Aces Fescent Repest

Sastad Zy : signal Sested By Signal

Melriplias: : 1.a000 Meloiplies: 1.0000
Dilwrion: : 1.0000 t1lucion 1.0000
Tse Meltipligs & Dilecion Fastas with ISTDS Taa Multipliss ¢ Dilution Factes with ISTDm

Signal 1: VWDl A, Wawalangth-I54 am Signal 1: VWDl &, Wavelength-254 nm

Paak RatTima Typa Wisth
#  Imin]

1.82852a8 1257.31851 Tetals 1.663434 1287.06231
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(S)-4-amino-1-(1-(1,3-bis(benzyloxy)propan-2-yloxy)allyl)pyrimidin-2(1H)-one (2c-C) : Using the general

procedure B, the mixture of 1c (77.6 mg, 0.25 mmol) and cytosine (27.8 mg, 0.25 mmol) was reacted with

Pda(dba)s (11.4 mg, 12.5 umol), (R,R)-L3 (19.7 mg, 25.0 umol) and K3PO, (13.3 mg, 0.063 mmol) at 0°C for 24h.

Flash column chromatography on silica gel (EtOAc:MeOH = 90:10) afforded 2c-C as a colorless oil (76.8 mg,
0.18 mmol, 70.4%). The enantiomeric excess (95.1% ee) was determined by HPLC on a chiral column (Chiralpak
IA, Hexane: EtOH = 90:10, flow rate = 1.0 mL/min, UV = 254 nm, retention time = 16.33 (major), 25.20 (minor)).
R;0.56 (EtOAc : MeOH = 90 : 10); [0]*p= —27.8 (¢ = 0.54, CHCl3); 'H NMR (300 MHz, CDCls) § 7.23-7.45
(m, 11H), 6.56-6.58 (m, 1H), 5.82 (ddd, J = 3.65, 10.65, 17.45 Hz, 1H), 5.45-5.49 (m, 2H), 5.29-5.33 (m, 1H),
4.53 (s, 2H), 4.41 (s, 2H), 3.94 (pent, J = 4.69 Hz, 1H), 3.47-4.66 (m, 4H) ; 3C NMR (125 MHz, CDCl:) 5 166.1,
156.8, 141.7, 138.24, 138.18, 134.7, 128.5, 128.4, 127.76, 127.72, 127.70, 127.68, 118.6, 95.5, 83.1, 77.5, 77.2,
77.0,76.4,73.5, 73.3, 70.1, 69.6.; IR (NaCl) v 3328, 3088, 3030, 2920, 2862, 1625, 1487, 1367, 1277, 1073 cm"

I, HRMS (FAB) calcd for C,4H2sN304 (M+H) 422.2080, found 422.2080.
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14 15 & E) = ) E mir)
Sorted By : signal
Multiplier 1.0000
A-ea Fazcant Rapest Dilution 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Zostad By : Zignal
Multiplias: : 1.0000 Signal 1: VDL A, Wavelength=254 nm
Dilztien: : 1.0000
Usa Multiplias & Ddlution Factos with ISTDR Peak RetTime Type Width — Area Height  Area
# [min] [min]  [mAU*s] [mau] %
S E— =en| s |
Signal 1: VWDl R, Wavalangen—254 nm 1 16.331 BB ©.6444 1.10725ed  231.75294 97.5774
2 25.198 BB 1.3977 274.99448  2.31115  2.4226
Pazk RatTime Typa Widch Reaz Haignt Reaz
§  [min] [min]  [mAT*a] [mAT] % . .
R e e [ e P | SYSTEM 3/17/2017 18:54:27 PM SYSTEM Page 1of 2
1 16.283 BV 0.5538 S2E5.15723 Z13.70685 45.B18S — S—
2 21.040 VB 0.8220 5332.53125 156.88515 50.1811 a File C:\CHEM32\2\DATA\LIV\L1Y-3-131-150.D

ple Mame: LIV-3-131-is0
Totals = 1.85577a4 370.55618
Totals : 1.1347ded  234.06410
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(S,E)-1-(1-(hex-2-enyloxy)allyl)-5-methylpyrimidine-2,4(1H,3H)-dione (4-1) : Using the general procedure B,
the mixture of 3 (34.6 mg, 0.25 mmol) and thymine (47.3 mg, 0.38 mmol) was reacted with Pd»(dba)s (5.7 mg,
6.3 umol), (R,R)-L1 (9.9 mg, 13.0 umol) and KsPO. (13.3 mg, 0.063 mmol) at rt for 2 h. Flash column
chromatography on silica gel (Hexane:EtOAc = 70:30) afforded 4-1 as a colorless oil (52.0 mg, 0.20 mmol,
79.0%).

R;0.50 (Hexane:EtOAc = 60:40); [a]**p=—58.6 (c = 0.43, CHCl3); "H NMR (500 MHz, CDCls) § 9.53-9.70 (br,
1H), 7.11 (s, 1H), 6.26 (td. J=1.61, 3.70 Hz, 1H), 5.72-5.84 (m, 2H), 5.48-5.55 (m, 2H), 5.39-5.41 (m, 1H), 3.97-
4.04 (m, 2H), 2.02 (dd, J = 7.14, 14.66 Hz, 2H), 1.38-1.42 (m, 2H), 0.88-0.91 (m, 3H).; *C NMR (125 MHz,
CDCl3) 6 164.3, 151.4, 136.7, 136.0, 133.6, 124.6, 119.7, 111.8, 82.3, 77.7, 77.2, 76.8, 70.0, 34.5, 22.2, 13.8,
12.7. ; IR (NaCl) v 3185, 3049, 2959, 2930, 2872, 1694, 1465, 1377, 1251, 1136 cm™'; HRMS (EI) calcd for

CisH20N2O3 (M) 264.1476, found 264.1474.

- 0]
Ol .\N
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O
4

(S)-1-(2,5-dihydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione (4) : Using the general procedure C, the

solution of 4-1 (52.0 mg, 0.20 mmol) in CH2Cl, was reacted with Grubbs catalyst at 40°C for 4h. Flash column

chromatography on silica gel (Hexane:EtOAc = 20:80) afforded 4 as a white solid (37.1 mg, 0.191 mmol, 97.0%).
The enantiomeric excess (93.5% ee) was determined by HPLC on a chiral column (Chiralpak 1B, Hexane: iPrOH
= 70:30, flow rate = 1.0 mL/min, UV = 254 nm, retention time = 10.24 (major), 12.86 (minor)).

R/ 0.63 (Hexane:EtOAc = 40:60); M.p. 164.8-165.2°C; [a]*®p = —122.1 (¢ = 0.51, CHCl3); 'H NMR (500 MHz,
CDCl3) 6 9.17-9.29 (br, 1H), 7.01-7.03 (m, 1H), 6.86 (s, 1H), 6.42-6.44 (m, 1H), 5.80-5.83 (m, 1H), 4.83-4.86 (m,

1H), 4.70-4.74 (m, 1H), 1.89 (s, 3H).; '3C NMR (75 MHz, CDCl3) 8 164.2, 151.1, 135.4, 133.4, 125.0, 111.5,90.7,
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77.6,77.2,76.8,75.9,12.8.; IR (NaCl) v 3185, 3049, 2927, 2868, 2825, 1690, 1468, 1223, 1067 cm™'; HRMS (EI)

caled for CoH10N2O3 (M ™) 194.0691, found 194.0689.
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Asea Pascent Repost Azea Fascent Rapest
Sostad By : signal Sostad By : signal
Multiplias: : 1.0000 Multiplias: : 1.0000
Diluticn: : 1.0000 Diluticn: : 1.0000

Usa Multiplies & Dilution Fastes with ISTDS Usa Multiplias & Dilutisn Factes with ISTDE

Signal 1: VWDl A, Wavalangtn-254 om Signal 1: VWDl A, Wawvalangth—254 nm

Paak RetTima Type Width Reaa Haight Reaa

Paak RetTima Typa Width Reaa Haignt Reaa
#  [min] [min]  [mAT*s] [mAT] . #  [min] [min]  [mRT+a] [=RT] x

L Ut L L —— L— ! e [ —— | — | E— 1
1 10.270 BV 0.4053 2454.08161€ B5.48742 45.2345 1 10.236 W 0.4126 52 182.28882 se.7aes
2 12.358 VB 0.6462 2572.35380 58.81876 E0.765E Z 12.860 VB 0.E622 a0 Bz34E

Totala : 50E7.20556 148.30618

Tetals : 5308.47582 186.11228

z\ 77/NH

(S,E)-1-(1-(hex-2-enyloxy)allyl)pyrimidine-2,4(1H,3H)-dione (5-1) : Using the general procedure B, the
mixture of 3 (34.6 mg, 0.25 mmol) and uracil (42.1 mg, 0.38 mmol) was reacted with Pd»(dba); (5.7 mg, 6.3
umol), (R,R)-L1 (9.9 mg, 13.0 umol) and K;3;PO4 (13.3 mg, 0.063 mmol) at rt for 2 h. Flash column
chromatography on silica gel (Hexane:EtOAc = 50:50) afforded 5-1 as a colorless oil (48.3 mg, 0.19 mmol,

77.2%).

R;0.29 (Hexane:EtOAc = 60:40 ); [0]?*p=—49.6 (¢ = 0.42, CHCls); '"H NMR (300 MHz, CDCls) § 9.76-9.97 (br,
1H), 7.29 (d, J = 8.04 Hz, 1H), 6.24 (td, J = 1.50, 3.46 Hz, 1H), 5.68-5.83 (m, 3H), 5.43-5.53 (m, 2H), 5.38 (d, J
= 10.58Hz, 1H), 3.99 (d, J = 6.43 Hz, 2H), 2.00 (dd, J = 7.35, 14.08 Hz, 2H), 1.37 (sexet, J = 7.35 Hz, 2H), 0.87
(t,J = 7.35 Hz, 3H).; *C NMR (75 MHz, CDCl3)  163.7, 151.3, 140.4, 136.9, 133.4, 124.5, 119.8, 103.3, 82.6,
77.6,77.2,76.8,70.1,34.5,22.2, 13.8. ; IR (NaCl) v 3196, 3057, 2959, 2930, 2872, 1680, 1456, 1380, 1249, 1120,

1093, 1048 cm!; HRMS (FAB) calcd for C13H19N,O3 (M+H") 251.1396, found 251.1393.
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(S)-1-(2,5-dihydrofuran-2-yl)pyrimidine-2,4(1H,3H)-dione (5) : Using the general procedure C, the solution

of 5-1 (45.0 mg, 0.18 mmol) in CH2Cl, was reacted with Grubbs catalyst at 40°C for 4h. Flash column

chromatography on silica gel (Hexane:EtOAc = 20:80) afforded 5 as a white solid (30.3 mg, 0.17 mmol, 95.0%).
The enantiomeric excess (93.3% ee) was determined by HPLC on a chiral column (Chiralpak 1C, Hexane: iPrOH
= 70:30, flow rate = 1.2 mL/min, UV = 254 nm, retention time = 44.71 (minor), 55.71 (major)).

R;0.17 (Hexane:EtOAc = 20:80); M.p. 140.8-141.2°C; [0]*®p = —114.7 (¢ = 0.46, CHCl3); 'H NMR (300 MHz,
CDCl3) §9.71-9.79 (br, 1H), 7.08 (d, J = 8.11 Hz, 1H), 7.00-7.02 (m, 1H) 6.43 (qd, J = 1.64, 8.11 Hz, 1H), 5.81-
5.85 (m, 1H), 5.72 (d, J = 8.11 Hz, 1H), 4.79-4.87 (m, 1H), 4.68-4.75 (m, 1H).; 3C NMR (75 MHz, CDCls) &
163.8, 150.9, 139.8, 133.6, 124.8, 103.1, 91.0, 77.7, 77.2, 76.8, 76.0.; IR (NaCl) v 3185. 3094. 3057. 2926. 2872.

1686.1459. 1388. 1116. 1014 cm™'; HRMS (EI) caled for CsHsN>O3 (M ™) 180.0535, found 180.0533.
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Socted By : signal

Meltiplic=: 1.0000 Sostad By : signal
Cdlution: : 1.0000 !:;::s:inu_. : :::::
Usa Multipliss & Ddlution Factes mith ISTDa ution: X

Usa Multipliss & Dilution Fastes with I3TDs

Signal 1: VWDl A. Wavalength-I54 om

ik Signal 1: VWDl R, Wavelangth-2E4 om
Peak RecTime Type Width Rzea
[min]  [mAT*3]

. Paak RetTima Typa Width Reaa Haight Rraz

—_— #  [min] [min]  [@AT*a] [mAT] .

- [ — [ E— E—— — 1
1 &4.221 BE 1.5753 1646.50058  15.06151  3.3%55
Z 55,706 BB 3.1838 4.73%83ad  13€.08264 BE.E401

Totals : 4.5004824  211.144585
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1-((R)-1-((S)-1-(benzyloxy)but-3-en-2-yloxy)allyl)-5-methylpyrimidine-2,4(1H,3H)-dione (7-1) : Using the
general procedure B, the mixture of 6 (563.7 mg, 2.61 mmol) and thymine (493.0 mg, 3.91 mmol) was reacted
with Pd(dba)s (59.8 mg, 65.3 umol), (S,S)-L3 (102.9 mg, 0.13 mmol) and K3PO4 (138.5 mg, 0.65 mmol) at rt for
8 h. Flash column chromatography on silica gel (Hexane:EtOAc = 70:30) afforded 7-1 as a colorless oil (842.0
mg, 2.46 mmol, 94.2%, d.r. =1 : >25).
R 0.61 (Hexane:EtOAc = 50:50 ); [0]%p = +51.3 (c = 0.34, CHCls3); 'H NMR (300 MHz, CDCls3) 6 9.14 (br s,
1H), 7.25-7.36 (m, 5H), 7.19-7.20 (m, 1H), 6.24-6.27 (m, 1H), 5.66-5.86 (M, 2H), 5.34-5.55 (M, 4H), 4.49 (s, 2H),
4.05-4.12 (m, 1H), 3.44-3.57 (m, 2H), 1.74 (d, J = 1.18 Hz, 3H).; 3C NMR (75 MHz, CDCl3) 5 164.1, 151.3,
138.0, 136.4, 133.6, 133.0, 128.6, 127.9, 127.6, 120.6, 119.4, 111.4, 80.8, 78.2, 73.4, 72.4, 12.4.; IR (NaCl) v

3186, 3033, 2927, 2860, 1693, 1497, 1252, 1096 cm.™!; HRMS (EI) calcd for C19H22N>04 (M*) 342.1580, found

%YO
N NH

BnO/\@’ \ﬂ/
— (0]

7

342.1579.

1-((2R,5S)-5-(benzyloxymethyl)-2,5-dihydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione (7) : Using
the general procedure C, the solution of 7-1 (25.0 mg, 0.07 mmol) in CH,Cl, was reacted with Grubbs catalyst at
rt for 24h. Flash column chromatography on silica gel (Hexane:EtOAc = 20:80) afforded 7 as a white solid (26.0
mg, 0.09 mmol, 83.4%, d.r. =1 : >25)

R/ 0.50 (Hexane:EtOAc = 20:80); [a]*’p = —33.8 (c = 0.52, CHCl3); M.p. 144.9-146.4 °C; 'H NMR (300 MHz,
CDCls) § 8.27 (br, s, 1H), 7.51-7.52 (m, 1H), 7.28-7.38 (m, SH), 7.03-7.05 (m, 1H), 6.31-6.34 (m, 1H), 5.80-5.83
(m, 1H), 4.95-4.99 (m, 1H), 4.56 (dd, J = 12.11, 15.61 Hz), 3.74 (ddd, J = 2.61, 11.02, 33.20 Hz, 2H), 1.53 (d, J
= 1.20 Hz, 3H).; '*C NMR (75 MHz, CDCL) & 164.0, 151.0, 137.6, 136.8, 134.3, 128.7, 128.1, 127.8, 126.6,
110.9, 89.6, 85.8, 73.6, 70.8, 12.0.; IR (NaCl) v 3181, 3061, 2925, 2861, 1690, 1468, 1253, 1119 cm’!; HRMS

(FAB) calcd for Ci17H19N204 (M+H) 315.1345, found 315.1347.
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1-((R)-1-((S)-1-(benzyloxy)but-3-en-2-yloxy)allyl)pyrimidine-2,4(1H,3H)-dione (8-1) : Using the general

procedure B, the mixture of 6 (86.5 mg, 0.40 mmol) and uracil (67.3 mg, 0.60 mmol) was reacted with Pdx(dba)s

(9.2 mg, 10.0 pmol), (S,S)-L3 (15.8 mg, 20.0 umol) and K3PO4 (21.2 mg, 0.10 mmol) at rt for 8 h. Flash column

chromatography on silica gel (Hexane:EtOAc = 60:40) afforded 8-1 as a white solid (117.3 mg, 0.36 mmol, 89.3%,
d.r.=1:>25).

R/ 0.14 (Hexane:EtOAc = 70:30 ); [a]*’p = +57.6 (c = 0.47, CHCI;); M.p. 63.8-65.1 °C; '"H NMR (300 MHz,

CDCls) 6 9.70 (br, s, 1H), 7.41 (d, J = 8.11 Hz, 1H), 7.28-7.38 (m, SH), 6.27-6.29 (m, 1H), 5.68-5.87 (m, 2H),

5.62 (dd, J=1.95, 8.04 Hz, 1H), 5.49-5.56 (m, 1H), 5.35-5.46 (m, 3H), 4.51 (s, 2H), 4.07-4.13 (m, 1H), 3.45-3.57

(m, 2H).; BC NMR (75 MHz, CDCl3) 8 163.8,151.3,140.8, 137.9, 133.4,132.9, 128.5, 127.9, 127.6, 120.5, 119.5,

102.8, 81.1, 78.4, 73.4, 72.2.; IR (NaCl) v 3191, 3061, 2923, 2861, 1690, 1497, 1381, 1250 cm™'; HRMS (FAB)

caled for Ci1sH21N2O4 (M+H') 329.1501, found 329.1499.

PP

BnoA@NW a
— O
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1-((2R,5S)-5-(benzyloxymethyl)-2,5-dihydrofuran-2-yl)pyrimidine-2,4(1H,3H)-dione (8) : Using the general
procedure C, the solution of 8-1 (34.1 mg, 0.10 mmol) in CH2Cl, was reacted with Grubbs catalyst at rt for 12h.
Flash column chromatography on silica gel (Hexane:EtOAc = 20:80) afforded 8 as a white solid (26.0 mg, 0.09
mmol, 83.4%, d.r. = 1: >25)
R;0.41 (Hexane:EtOAc = 20:80 ); [a]®p = —39.7 (¢ = 0.35, CHCI3); M.p. 115.4-116.9 °C; 'H NMR (300 MHz,
CDCly) 8 9.23 (br, s, 1H), 7.70 (d, J = 8.15 Hz, 1H), 7.26-7.38 (m, 5H), 7.02-7.04 (m, 1H), 6.29-6.32 (m, 1H),

5.76-5.79 (m, 1H), 5.21 (d, J = 8.14 Hz, 1H), 4.96-4.99 (m, 1H), 4.50 (dd, J = 11.26, 13.74 Hz, 2H), 3.76 (ddd, J
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= 2.63, 10.93, 24.77 Hz, 2H).; ¥C NMR (75 MHz, CDCls) § 163.6, 151.0, 141.5, 137.4, 134.4, 128.7, 128.3,
128.1, 126.3, 102.2, 89.7, 86.0, 73.8, 70.8.; IR (NaCl) v 3192, 3060, 2865, 1688, 1625, 1496, 1381, 1249 cm!;

HRMS (FAB) caled for Ci6H7N204 (M+H") 301.1188, found 301.1190.

HO

QYO
50 orNTNH
7 N\ O
9-1

1-((R)-1-((S)-1-(benzyloxy)but-3-en-2-yloxy)allyl)-5-(hydroxymethyl)pyrimidine-2,4(1H,3H)-dione (9-1) :
Using the general procedure B, the mixture of 6 (54.0 mg, 0.25 mmol) and 5-hydroxy(methyl)uracil (53.3 mg,
0.375 mmol) was reacted with Pdz(dba)s (5.8 mg, 0.0063 mmol), (S,S)-L3 (9.8 mg, 0.013 mmol) and K3PO, (13.3
mg, 0.063 mmol) at rt for 1.5 h. Flash column chromatography on silica gel (Hexane:EtOAc = 80:20) afforded 9-
1 as a colorless oil (64.6 mg, 0.18 mmol, 72%, d.r. =1 : 17).

R¢ 0.38 (Hexane:EtOAC = 40:60 ); [a]**p= +54.9 (¢ = 0.77, CHCl3); 'H NMR (300 MHz, CDCls3) § 10.08 (s, 1H),
7.45 (s, 1H), 7.26-7.36 (m, 5H), 6.25-6.27 (m, 1H), 5.65-5.85 (M, 2H), 5.32-5.55 (m, 4H), 4.50 (s, 2H) 4.08-4.28
(m, 3H), 3.44-3.55 (m, 2H), 3.10 (s, 1H).; 3C NMR (75 MHz, CDCl3) 5 164.1, 151.2, 138.1, 138.0, 133.4, 133.0,
128.7,128.0, 127.8, 120.6, 119.8, 114.5, 81.3, 78.5, 73.5, 72.4, 58.6.; IR (NaCl) v, 3186, 3032, 2925, 2863, 1716,

1496, 1386, 1216, 991 cm.}; HRMS (ESI) calcd for C19H22N2NaOs (M+Na*) 381.1421, found 381.1420.

HO

QY"

e N NH
o~ O
— (@)

9
1-((2R,5S)-5-(benzyloxymethyl)-2,5-dihydrofuran-2-yl)-5-(hydroxymethyl)pyrimidine-2,4(1H,3H)-dione
(9) : Using the general procedure C, the solution of 9-1 (29.0 mg, 0.08 mmol) in CH,Cl, was reacted with Grubbs
catalyst at 40°C for 11h. Flash column chromatography on silica gel (Hexane:EtOAc = 0:100) afforded 9 as a

colorless oil (17.0 mg, 0.05 mmol, 64%, d.r. = 1 : >25)
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R;0.25 (Hexane:EtOAc = 20:80); [a]*p=—11.5 (c = 0.85, CHCls); 'H NMR (300 MHz, CDCLs) & 8.78 (s, 1H),
7.75 (s, 1H), 7.26-7.40 (m, 5H), 7.03-7.05 (m, 1H), 6.32 (dt, J= 6.00, 1.65 Hz, 1H), 5.81-5.84 (m, 1H), 4.95-5.00
(m, 1H), 4.55 (q, J = 11.91, 8.34 Hz, 2H), 3.65-4.08 (m, 4H), 2.40 (s, 1H).; *C NMR (75 MHz, CDCL3) & 163.8,
150.8, 138.6, 137.6, 134.6, 128.8, 128.3, 128.0, 126.4, 113.9, 89.9, 86.1, 73.7, 70.7, 58.7.; IR (NaCl) v 3448, 3189,
3061, 2925, 2859, 1684, 1469, 1251, 1088, 738 cm’!; HRMS (ESI) caled for Ci7H,sN,NaOs (M+Na®) 353.1108,

found 353.1108.

o

NH

b
0O

O
Bnoj
V.
10

1-((S)-1-((S)-1-(benzyloxy)but-3-en-2-yloxy)allyl)-5-methylpyrimidine-2,4(1H,3H)-dione (10-1) : Using the

.\\N
XN
1

general procedure B, the mixture of 6 (86.5 mg, 0.4 mmol) and thymine (75.7 mg, 0.6 mmol) was reacted with
Pdy(dba)s (9.2 mg, 10.0 umol), (R,R)-L3 (15.8 mg, 20.0 umol) and K3PO4 (21.2 mg, 0.10 mmol) at rt for 8 h.
Flash column chromatography on silica gel (Hexane:EtOAc = 60:40) afforded 10-1 as a colorless oil (131.7 mg,

0.38 mmol, 96.2%, d.r. =15 : 1).

R/ 0.60 (Hexane:EtOAc = 50:50 ); [a]*p = —26.8 (¢ = 0.52, CHCI3); 'H NMR (300 MHz, CDCls) & 8.25 (br, s,
1H), 7.27-7.38 (m, 5H), 7.09-7.10 (m, 1H), 6.39-6.42 (m, 1H), 5.41-5.85 (m, 4H), 5.13-5.28 (m, 2H), 4.57 (m,
2H), 4.22-4.28 (m, 1H), 3.50-3.59 (m, 2H), 1.91 (d, /= 1.14 Hz, 3H).; '3C NMR (75 MHz, CDCls) § 163.9, 150.9,
138.1,136.4,134.8,133.6,128.5,127.8,127.7,119.9, 118.3, 111.3, 82.9, 80.3, 73.5, 72.7, 12.6.; IR (NaCl) v 3188,

3064,2927,1692, 1466, 1373, 1251, 1070 cm™'; HRMS (EI) caled for C1oH2oN204 (M*) 342.1580, found 342.1578.
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1-((2S,5S)-5-(benzyloxymethyl)-2,5-dihydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione (10) : Using
the general procedure C, the solution of 10-1 (46.0 mg, 0.13 mmol) in CH,Cl, was reacted with Grubbs catalyst
at rt for 12h. Flash column chromatography on silica gel (Hexane:EtOAc = 20:80) afforded 10 as a white solid

(38.0 mg, 0.12 mmol, 93.0%, d.r. = 19:1)
g

R;0.20 (Hexane:EtOAc = 50:50 ); [a]**p=—190.2 (c = 0.37, CHCl3); M.p. 123.9-125.3 °C; '"H NMR (300 MHz,
CDCls) § 8.22 (br, s, 1H), 7.27-7.38 (m, 5H), 7.05-7.08 (m, 1H), 6.88-6.89 (m, 1H), 6.36-6.39 (m, 1H), 5.88-5.92
(m, 1H), 5.19-5.25 (m 1H), 4.59 (dd, J = 12.17, 14.49 Hz, 2H), 3.54-3.62 (m, 2H), 1.90 (d, J = 1.20 Hz, 3H).; 13C
NMR (75 MHz, CDCls) & 163.8, 150.6, 137.8, 135.3, 134.4, 128.6, 128.0, 127.8, 126.7, 111.5, 90.5, 86.4, 73.8,
72.0,12.7.; IR (NaCl)v3182,3035,2925,2856, 1690, 1467, 1247, 1074 cm™'; HRMS (FAB) calcd for C17H9N2O4

(M+H") 315.1345, found 315.1348.

NH,

BnO © @N(
PES

111
4-amino-1-((R)-1-((S)-1-(benzyloxy)but-3-en-2-yloxy)allyl)pyrimidin-2(1H)-one (11-1) : Using the general
procedure B, the mixture of 6 (43.3 mg, 0.20 mmol) and cytosine (22.2 mg, 0.20 mmol) was reacted with Pd2(dba)s
(4.6 mg, 5.0 umol), (S,S)-L3 (7.9 mg, 10.0 umol) and K3PO4 (10.6 mg, 0.05 mmol) at rt for 24 h. Flash column
chromatography on silica gel (EtOAc:MeOH = 90:10) afforded 11-1 as a white solid (54.1 mg, 0.17 mmol, 82.6%,
d.r.=1:10).

R;0.63 (EtOAc:MeOH = 95:5 ); [a]*p=+47.4 (c = 0.27, MeOH); M.p. 72.8-74.4 °C; '"H NMR (300 MHz, CDCl3)
6 7.40 (d,J=7.27 Hz, 1H), 7.22-7.34 (m, 5H), 6.37-6.38 (m, 1H), 5.65-5.85 (m, 3H), 5.26-5.44 (m, 4H), 4.47 (s,
2H), 4.03-4.09 (m, 1H), 3.39-3.53 (m, 2H).; 13C NMR (75 MHz, CDCls) § 165.8, 156.6, 142.2, 138.2, 134.5,
133.3, 128.5, 127.73, 127.67, 120.2, 118.5, 95.0, 81.6, 77.8, 73.2, 72.4.; IR (NaCl) v 3343, 3090, 2925, 2859,

1625, 1521 cm'; HRMS (FAB) calcd for CisH22N303 (M+H™) 328.1661, found 328.1659.
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N,N-Di-tert-butoxycarbonyl-1-((2R,5S)-5-(benzyloxymethyl)-2,5-dihydrofuran-2-yl)-cytosine (11) : Using
the general procedure C, The solution of boc protected 11-1 (38.8 mg, 0.07 mmol) in CH,Cl, was reacted with
Grubbs catalyst at rt for 24h. Flash column chromatography on silica gel (Hexane:EtOAc = 50:50) afforded 11 as
a colorless oil (32.0 mg, 0.06 mmol, 87.1%, d.r. =1 : >25)

R;0.32 (Hexane:EtOAc = 50:50 ); [a]*p=+31.4 (c = 0.26, CHCl3); 'H NMR (500 MHz, CDCl3) 5 8.11 (d, J =
7.63 Hz, 1H), 7.28-7.38 (m, 5H), 7.02-7.03 (m, 1H), 6.68 (d, J = 7.58 Hz, 1H), 6.19-6.20 (m, 1H), 5.94-5.95 (m,
1H), 5.03 (m, 1H), 4.53 (dd, J = 11.44, 17.57 Hz, 2H), 3.79 (dd, J = 3.04, 10.87 Hz, 1H), 3.66 (dd, J=2.88, 11.03
Hz, 1H), 1.55 (s, 18H).; 3C NMR (125 MHz, CDCls) § 162.6, 154.9, 149.7, 144.9, 137.5, 132.8, 128.7, 128.2,
128.1, 127.5, 96.4, 91.8, 86.5, 84.8, 73.7, 70.7, 27.8.; IR (NaCl) v 3162, 3091, 3033, 2980, 2931, 2867, 1778,

1744, 1679 cm™'; HRMS (EI) caled for C26H33N307 (M¥) 499.2319, found 499.2316.

%\fo

1, O ‘\\N\H/NH
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ent-7-1

BnO

1-((S)-1-((R)-1-(benzyloxy)but-3-en-2-yloxy)allyl)-5-methylpyrimidine-2,4(1H,3H)-dione (ent-7-1) : Using
the general procedure B, the mixture of ent-6 (54.1 mg, 0.25 mmol) and thymine (47.3 mg, 0.38 mmol) was
reacted with Pda(dba)s (5.7 mg, 6.2 umol), (R,R)-L3 (9.9 mg, 12.5 pmol) and K3PO4 (13.3 mg, 0.063 mmol) at rt
for 8 h. Flash column chromatography on silica gel (Hexane:EtOAc = 50:50) afforded ent-7-1 as a colorless oil
(72.5 mg, 0.21 mmol, 84.7%, d.r. =1 : >25).

R/ 0.69 (Hexane:EtOAc = 20:80 ); [a]**p = —65.2 (¢ = 0.75, CHCI3); 'H NMR (300 MHz, CDCls) & 9.13 (br, s,
1H), 7.26-7.35 (m, 5H), 7.19-7.20 (m, 1H), 6.24-6.27 (m, 1H), 5.66-5.86 (m, 2H), 5.34-5.55 (m, 4H), 4.49 (s, 2H),

4.05-4.12 (m, 1H), 3.44-3.57 (m, 2H), 1.74 (d, J = 1.07 Hz, 3H).; 3C NMR (75 MHz, CDCl3) & 164.1, 151.3,
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138.0, 136.4, 133.6, 133.0, 128.6, 127.9, 127.6, 120.6, 119.4, 111.4, 80.8, 78.2, 73.4, 72.4, 12.4.; IR (NaCl) v

3192,3065,2927,2857,1692, 1497, 1252 cm™'; HRMS (EI) caled for C1oH22N204 (M*) 342.1580, found 342.1581.

0 ‘\fg;o

Bno/”"( y NW/NH
o

ent-7

1-((2S,5R)-5-(benzyloxymethyl)-2,5-dihydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione  (ent-7)
Using the general procedure C, the solution of ent-7-1 (45.2 mg, 0.13 mmol) in CH,Cl, was reacted with Grubbs
catalyst at rt for 24h. Flash column chromatography on silica gel (Hexane:EtOAc = 50:50) afforded ent-7 as a
white solid (35.7 mg, 0.11 mmol, 87.4%, d.r. = >25:1)

R/ 0.50 (Hexane:EtOAc = 20:80 ); [a]*'p = +35.8 (c = 0.59, CHCl3); M.p. 142.3-146.0 °C; 'H NMR (300 MHz,
CDCls) & 8.24 (br, s, 1H), 7.51-7.52 (m, 1H), 7.28-7.38 (m, 5H), 7.03-7.05 (m, 1H), 6.31-6.34 (m, 1H), 5.81-5.82
(m, 1H), 4.96-4.98 (m, 1H), 4.56 (dd, J = 12.22, 15.79 Hz, 2H), 3.80 (dd, J = 2.63, 10.94 Hz, 1H), 3.69 (dd, J =
2.84,10.94 Hz, 1H), 1.53 (d, ] = 1.16 Hz, 3H).; *C NMR (75 MHz, CDCls) § 163.8, 150.9, 137.6, 136.9, 134.3,
128.7, 128.2, 127.8, 126.5, 110.9, 89.6, 85.9, 73.6, 70.8, 12.0.; IR (NaCl) v 3173, 3039, 2891, 2858, 1695, 1497

cm’'; HRMS (EI) caled for C17H1sN2O4 (M*) 314.1267, found 314.1269.
%\fo
O N NH
BnO T
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14-1
1-((R)-1-((S)-1-(benzyloxy)pent-4-en-2-yloxy)allyl)-5-methylpyrimidine-2,4(1H,3H)-dione (14-1) : Using the
general procedure B, the mixture of 13 (57.6 mg, 0.25 mmol) and thymine (47.3 mg, 0.38 mmol) was reacted with
Pda(dba)s (5.8 mg, 6.3 umol), (S,S)-L3 (9.8 mg, 13.0 umol) and KsPO, (13.3 mg, 0.063 mmol) at rt for 2 h. Flash
column chromatography on silica gel (Hexane:EtOAc = 55:45) afforded 14-1 as a colorless oil (84.7 mg, 0.24

mmol, 95.0%, d.r. = 1: >25).
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Rr 0.58 (Hexane:EtOAC = 60:40); [a]'p = +46.4 (¢ = 0.52, CHCI3); *H NMR (300 MHz, CDCls) § 9.07 (s, 1H),
7.22-7.35 (m, 5H), 7.12-7.13 (m, 1H), 6.33-6.36 (m, 1H), 5.72-5.86 (m, 2H), 5.52 (dt, J = 17.1, 1.4 Hz, 1H) 5.38
(dt, J = 10.4, 1.4 Hz, 1H), 5.07-5.15 (m, 2H), 4.41 (s, 2H), 3.78-3.85 (m, 1H), 3.37-3.45 (m, 2H), 2.34-2.38 (m,
2H), 1.74(d, J = 1.1 Hz 3H).; ®C NMR (75 MHz, CDCls) 5 165.8, 153.1, 139.7, 138.4, 135.5, 135.0, 130.3, 129.6,
129.4, 121.3, 120.2, 112.9, 83.9, 79.3, 75.2, 73.7, 37.7, 14.2; IR (NaCl) v 3190, 3065, 2927, 2856, 1694, 1497,

1252, 1076, 1029, 775 cm'; HRMS (EI) calcd for CooH24N204 (M*) 356.1736, found 356.1733

A
o O
= o
14
1-((2R,6S)-6-(benzyloxymethyl)-5,6-dihydro-2H-pyran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione (14) :

Using the general procedure C, the solution of 14-1 (59.0 mg, 0.17 mmol) in CH,Cl, was reacted with Grubbs

catalyst at 40°C for 20h. Flash column chromatography on silica gel (Hexane:EtOAc = 20:80) afforded 14 as a

colorless oil (45.2 mg, 0.137 mmol, 82.4%, d.r. = >25:1).

R;0.39 (Hexane:EtOAc = 60:40); [a]*'p=+1.1 (c = 0.46, CHCl3); '"H NMR (300 MHz, CDCl3) § 9.01 (s, 1H),
7.26-7.37 (m, 5H), 7.07 (d, J= 1.2 Hz, 1H), 6.48-6.49 (m, 1H), 6.22-6.27 (m, 1H), 5.55-5.59 (m, 1H), 4.56 (q, J
=12.2, 2.0 Hz, 2H), 4.06-4.13 (m, 1H), 3.61 (q, J=5.5,4.9 Hz, 1H), 3.51(q, J=5.9, 4.6 Hz, 1H), 2.23-2.33 (m,
1H), 2.04-2.12 (m, 1H), 1.90 (d, J= 1.1 Hz, 3H); *C NMR (75 MHz, CDCl;) 5 164.0, 150.8, 138.1, 136.4, 131.8,
128.6,127.9,125.5, 111.5, 78.9, 73.64, 73.60, 72.2,27.1, 12.6.; IR (NaCl) v 3188, 3043, 2925, 1689, 1496, 1374,

1253, 1118, 1078, 780 cm’'; HRMS (EI) caled for C1sH20N204 (M *) 328.1423, found 328.1421.
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1-((R)-1-((2R,3S)-3-(benzyloxy)-1-(tert-butyldimethylsilyloxy)hex-5-en-2-yloxy)allyl)-5-methylpyrimidine-

2,4(1H,3H)-dione (16-1) : Using the general procedure B, the mixture of 15 (49.0 mg, 0.13 mmol) and thymine
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(16.5 mg, 0.13 mmol) was reacted with Pdx(dba)s (4.2 mg, 4.6 umol), (S,S)-L1 (7.3 mg, 9.2 umol) and K3PO4 (7.0
mg, 0.033 mmol) at rt for 20 h. Flash column chromatography on silica gel (Hexane:EtOAc = 70:30) afforded 16-
1 as a colorless oil (55.9 mg, 0.112 mmol, 85.3%, d.r. = 1:13).

Rr 0.55 (Hexane:EtOAc = 70:30, twice); [0]?’p = +9.8 (¢ = 1.57, CHCls); *H NMR (300 MHz, CDCls) & 9.14 (s,
1H), 7.21-7.39 (m, 5H), 7.10-7.17 (m, 1H), 6.49 (dt, J = 3.7, 1.5 Hz, 1H), 5.69-5.95 (m, 2H), 5.56 (dt, J = 17.2,
1.4 Hz, 1H), 5.40 (dt, J = 10.4, 1.4 Hz, 1H), 4.99-5.17 (m, 2H), 4.67 (d, J = 11.4 Hz, 1H), 4.54 (d, J = 11.4 Hz,
1H), 3.55-3.86 (M, 4H), 2.24-2.49 (m, 2H), 1.92 (d, J = 1.1 Hz, 3H), 0.84 (s, 9H), -0.10-0.04 (m, 6H).; 3C NMR
(75 MHz, CDCl3) 6 163.9, 151.1, 138.4, 136.6, 135.0, 133.8, 128.5, 128.1, 127.8, 119.8, 117.5, 111.4, 82.7, 80.6,
78.3, 725, 62.6, 35.1, 26.0, 18.5, 12.9, -5.2, -5.3,; IR (KBr) v 3072, 2929, 2857, 1699, 1690, 1559, 1465, 1252,

1095 cm; HRMS (ESI) caled for C27HaoN2NaOsSi (M+Na*) 523.2599, found 523.2598

16

1-((2R,6S,7R)-6-(benzyloxy)-7-((tert-butyldimethylsilyloxy)methyl)-2,5,6,7-tetrahydrooxepin-2-yl)-5-

methylpyrimidine-2,4(1H,3H)-dione (16) : Using the general procedure C, the solution of 16-1 (25.0 mg, 0.05

mmol) in CH.Cl, was reacted with Hoveyda-Grubbs catalyst 2" generation (1.6 mg, 2.5 pmol) at 40°C for 10h.

Flash column chromatography on silica gel (Hexane:EtOAc = 70:30) afforded 16 as a sticky colorless oil (21.3
mg, 0.0453 mmol, 90.6%, d.r. =1 : >25).

R;0.41 (Hexane:EtOAc = 70:30, twice); [a]**?p = +13.3 (c = 1.50, CHCls); 'H NMR (300 MHz, CDCl;) § 8.72
(s, 1H), 7.27-7.39 (m, 5H), 7.12-7.18 (m, 1H), 6.45-6.55 (m, 1H), 5.87-6.03 (m, 1H), 5.54 (ddd, J=11.1, 2.6, 2.0
Hz, 1H), 4.55 (d, J = 12.0 Hz, 1H), 4.48 (d, J = 12.0 Hz, 1H), 3.83-3.98 (m, 2H), 3.68 (dd, J = 10.7, 4.9 Hz, 1H),
3.54(d,J=10.7, 5.8 Hz, 1H), 2.61-2.76 (m, 1H), 2.53 (ddd, J = 16.4, 7.8, 4.9 Hz, 1H), 1.91 (d, J = 1.1 Hz, 3H),
0.85 (s, 9H), 0.00-0.04 (m, 6H); '*C NMR (75 MHz, CDCls) & 164.0, 150.3, 138.3, 137.1, 131.2, 128.8, 127.81,
127.76, 111.1, 83.2, 82.5, 78.5, 70.9, 63.7, 28.0, 26.0, 18.4, 12.6, -5.18, -5.23..; IR (NaCl) v 3033, 2928, 2856,

1698, 1465, 1252, 1092 cm™!; HRMS (ESI) caled for C2sH36N2NaOsSi (M+Na *) 495.2286, found 495.2287.
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9-((R)-1-((S)-1-(benzyloxy)but-3-en-2-yloxy)allyl)-9H-purin-6-amine (17-1) : Using the general procedure B,
the mixture of 6 (86.5 mg, 0.40 mmol) and adenine (54.1 mg, 0.40 mmol) was reacted with Pdz(dba); (9.2 mg,
10.0 pumol), (S,S)-L3 (15.8 mg, 20.0 umol) and K3PO. (21.2 mg, 0.10 mmol) at rt for 8 h. Flash column
chromatography on silica gel (EtOAc:MeOH = 90:10) afforded 17-1 as a white solid (112.1 mg, 0.32 mmol,
79.8%, d.r. = 1: >25).
Ry 0.37 (Hexane:EtOAc = 50:80); [a]?p = +43.2 (¢ = 0.41, MeOH); M.p. 79.2-80.1 °C; 'H NMR (300 MHz,
CDCl3) & 8.35 (s, 1H), 8.03 (s, 1H), 7.19-7.35 (m, 5H), 6.33-6.36 (m, 1H), 6.27 (br, s, 2H), 6.04-6.15 (m, 1H),
5.72-5.83 (m, 1H), 5.36-5.49 (m, 4H), 4.42 (s, 2H), 3.97-4.03 (m, 1H), 3.37-3.52 (m, 2H).; 3C NMR (75 MHz,
CDCls) 6 155.8, 153.3, 150.2, 139.1, 137.9, 134.0, 133.4, 128.4, 127.7, 127.6, 120.6, 119.4, 119.1, 80.4, 78.2,
73.3,72.2.; IR (KBr) v 3315, 3151, 2904, 2860, 1647, 1595 cm™'; HRMS (EI) caled for C1oH2N50, (M*) 351.1695,

found 351.1693.
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17
N,N-Di-tert-butoxycarbonyl-9-((2R,5S)-5-(benzyloxymethyl)-2,5-dihydrofuran-2-yl)-adenine (17) : Using
the general procedure C, The solution of boc protected 17-1 (45.2 mg, 0.08 mmol) in CH.Cl, was reacted with

Grubbs catalyst at 40°C for 24h. Flash column chromatography on silica gel (Hexane:EtOAc = 50:50) afforded

17 as a colorless oil (37.9 mg, 0.07 mmol, 90.5%, d.r. = >25:1)

R;0.24 (Hexane:EtOAc = 50:50); [a]'p = —35.6 (c = 0.49, CHCl3); '"H NMR (500 MHz, CDCI3) 6 8.87 (s, 1H),
8.41 (s, 1H), 7.21-7.34 (m, 7H), 6.41-6.42 (m, 1H), 6.04-6.05 (m, 1H), 5.10 (m, 1H), 4.57 (d, J = 12.16 Hz, 1H),
4.46 (d, J=12.33 Hz, 1H), 3.63-3.69 (m, 2H), 1.45 (s, 18H).; *C NMR (75 MHz, CDCls) & 153.2, 152.3, 150.6,
150.3, 144.0, 137.4, 134.7, 129.1, 128.7, 128.1, 128.0, 125.4, 88.4, 86.6, 83.8, 73.6, 70.7, 27.9.; IR (NaCl) v 2980,
2929, 2862, 1789, 1756, 1599, 1577 cm™'; HRMS (ESI) calcd for C,7H33NsOgNa (M™+Na) 546.2323, found

546.2323.
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5. Determination of the Structure of 2a-T

? o
Pd,(dba)s (2.5 mol%)
| NH (R,R) - Ly (5 mol%) NH
N/l“o i | PN
H pyridine (0.1 M), rt N 0
K3POy4 (0.25 e
Thymine 304 ( l CyO =
"this work"
BnBr (1.5 eq)
NaH (1.2 eq)
THF, 65C, 2.5h
o) O
Pd,(dba); (2.5 mol%) B
.Bn (R.R) - Ly (5 mol%) Nigadk
B LA
N 0 dioxane (0.1 M), rt N (0]
H KsPO, (0.25 eq) Cyo)\/
18 (ref.7)

1) Synthesis of 19 from 18

(R)-3-benzyl-1-(1-(cyclohexyloxy)allyl)-5-methylpyrimidine-2,4(1H,3H)-dione (19) : Using the general
procedure B, the mixture of 1a (27.6 mg, 0.20 mmol) and N-benzylthymine’ (42.5 mg 0.20 mmol) was reacted
with Pd(dba)s (4.5 mg, 4.9 umol), (R,R)-L1 (7.8 mg, 9.8 umol) and K3PO4 (10.6 mg, 0.05 mmol) in 1,4-dioxane
(2 mL, 0.1 M) at rt for 1 h. Flash column chromatography on silica gel (Hexane:EtOAc = 80:20) afforded 19 as a
white solid (69.0 mg, 0.196 mmol, 99.9%). The enantiomeric excess (99.1% ee) was determined by HPLC on a
chiral column (Chiralpak 1D, Hexane: iPrOH = 95:5, flow rate = 1.0 mL/min, UV = 254 nm, retention time = 11.2
(minor), 13.9 (major)).

R/ 0.48 (Hexane:Et;0O = 95:5); [a]*°p = —61.8 (c = 1.0, CHCl3); m.p. 46-47 °C; 'H NMR (300 MHz, CDCl;) §
7.41-7.51 (m, 2H), 7.21-7.34 (m, 3H), 7.11 (q, J = 1.2 Hz, 1H), 6.37 (dt, J = 3.6, 1.7 Hz, 1H), 5.77 (ddd, J = 17.1,
10.4, 3.7 Hz, 1H), 5.52 (dt, J= 17.2, 1.5 Hz, 1H), 5.36 (dt, J=10.4, 1.5 Hz, 1H), 5.18 (d, J = 13.8 Hz, 1H), 5.12
(d, J=13.8 Hz, 1H), 3.36-3.48 (m, 1H), 1.94 (d, J= 1.2 Hz, 3H), 1.88-2.00 (m, 1H), 1.58-1.80 (m, 3H), 1.45-1.55
(m, 1H), 1.15-1.40 (m, 5H).; 3C NMR (75 MHz, CDCL3) § 163.6, 151.9, 137.2 134.4, 134.2, 129.1, 128.5, 127.7,
119.1, 110.8, 81.7,76.5, 44.7,33.0, 31.5, 25.6, 24.0, 23.9, 13.4; IR (NaCl) v 3067, 3033, 2934, 2858, 1702, 1667,

1450, 1353, 1235, 768 cm™!; HRMS (ESI) caled for C21H26N2NaO3 (M+Na*) 377.1836, found 377.1837.
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WOT A, =254 M [DGKIDGHK7036-P_4.0) WOTA

H
e

S 131

Area Percent Report

Area Percent Report

Sorted By signal

Sorted By : signal Multiplier 1.0000
Multiplier 1.0000 bilution 1.0000
Dpilution 3 1.0000 Use Multiplier & Dilution Factor with ISTDs

Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 A, Wavelength=254 nm

Signal:1::WatL: Ay Mavelengths254:nm Peak RetTime Type Width  Area Height  Area
#  [min] [min]  [mAu*s] [mAU] %
Peak RetTime Type Width  Area Height Area sscs|Febenss [sassdencee [sseecics jsimiectias Jrassmens |
# [min] [min]  [mavrs] [mau] % 1 11.283 M4 0.3559  19.54457 9.15202e-1  ©.4374
s o e e Py 5o | 2 13.890 BB ©.5240 4448.78223 130.40479 99.5626
1 11.193 88 ©.3876 9964.11230 389.34852 49.9334
Totals : 4468.32679 131.31999

2 13.631 BB  ©.5156 9999.68750 296.92017 50.0666

2) Synthesis of 19 from 2a-T
To a suspension of NaH (7.2 mg, 0.18 mmol, 60 wt% in mineral oil) in THF (0.5 mL) was added a solution of 2a-

T (39.5 mg, 0.15 mmol) in THF (1.0 mL) at 0°C. After stirring for 10 min at 0°C, benzyl bromide (27 mL, 0.22

mmol) was added. The reaction mixture was allowed to room temperature, then stirring for 2.5h at 65°C. The

resulting solution was quenched with water followed by extraction with Et,O. The combined organic layers were
dried over anhydrous Na;SO4 and concentrated. The crude mixture was purified by flash column chromatography

on silica gel (Hexane:EtOAc = 80:20) afforded 19 as a white solid (50.1 mg, 0.14 mmol, 94.2%). The spectral

data are in complete accordance with the sample obtained from the previous experiment.
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6. Structure determination of N%N7 substituted adenine®

NH,
NH, Pda(dba)s (2.5 mol%) /NfN j)
NH,

o (R,R) - Ly (5 mol%) ¢ J o)
O 1 CT N Ty @2 N N
+ _ yridine (0. , rt, SN
RS 0 § f
N

NN KsPO, (0.25eq) ﬁ P
: ’: N
1a adenine N°-product N7-product
(90% yield, 92% ee)
1) HSQC experiment
] " Do
 (SV-3-2804-062217 T E
b o
L
) -8
-8
L -] =
-y
L ) -
. 2
u =
: | T T T T | T T T T | T T T T | T T T T T
9 8 7 6 F2 [ppm]
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2) HMBC experiment

b 15v.5.084-062217 N @ [E
1 >
KSY-3-284.062217 B 'E o

= L

- L

— O -

— g -8

- N i

LI e e -

650 645 640 F2 [ppm]
0 L 2 -8
NH,

a
b
v
2]
T

8.5 8.0 75 7.0 6.5 F2 [ppm]

(S)-9-(1-(cyclohexyloxy)allyl)-9H-purin-6-amine : Using the general procedure B, the mixture of 1a (27.0 mg,
0.20 mmol) and adenine (28.0 mg, 0.20 mmol) was reacted with Pd,(dba); (4.6 mg, 5.0 umol), (R,R)-L2 (6.9 mg,
10.0 umol) and K3PO4 (10.6 mg, 0.05 mmol) at rt for 24 h. Flash column chromatography on silica gel
(EtOACc:MeOH = 90:10) afforded product as a white solid (49.3 mg, 0.18 mmol, 90.2%). The enantiomeric excess
(91.7% ee) was determined by HPLC on a chiral column (Chiralpak ID, Hexane: iPrOH = 60:40, flow rate = 1.0
mL/min, UV = 254 nm, retention time = 13.45 (major), 23.25 (minor)).

Rr 0.67 (EtOAC:MeOH = 90:10); M.p. 127.8-128.9 °C; [a]®p = +79.4 (¢ = 0.19, MeOH); *H NMR (300 MHz,
CDCls) & 8.37 (s, 1H), 8.00 (s, 1H), 6.38-6.40 (m, 1H), 6.02-6.13 (m, 1H), 5.86 (br, s, 2H), 5.46-5.52 (m, 1H),

5.38-5.42 (m, 1H), 3.38-3.46 (M, 1H), 1.99-2.03 (m, 1H), 1.38-1.77 (m, 5H), 1.12-1.34 (m, 4H).; *C NMR (125
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MHz, CDCls) 6 155.4, 153.1, 150.1, 139.1, 134.6, 119.4, 118.9, 80.6, 76.7, 32.9, 31.5, 25.6, 23.9, 23.8.; IR (NaCl)

v3328,3198,2929, 2855, 1654, 1598 cm™; HRMS (ESI) calcd for C14H20NsO (M+H*) 274.1662, found 274.1663.

[T T A TSRS T SO eGS0 e R e o e
mell ] mil) i
9] 700 ]
=3 0]
5209
20
gj 400 ]
1504
300
100.]
0]
e 100 2
o o
1 1z 5 7= & s E3 5w 1 & i 15 12 ) & E) E i
Asea Pescant Rapest A=ea Passent Aepast
Soctad By : signal Sestad By : Signal
Multipliss: : 1.0000 !;:;H::l“:: : :::::
Dilutien: : 1.0000 = “:o.j“i tee & Diletisn Fastee with 1D
Tse Multipliesr & Dilation Fastes with ISTD Jas Multiplies @ Dilwtion Fastes wis =
Signal 1: VWDl A, Wawelangth-254 am Signal 1: VD1 R, Wavelangth-2E4 am
Fesk RetTime Type Width P Haignt heea N:k N::::;‘“ Typa ‘[‘:::’]‘ Aeaz Haignt Asaz
#  [min] Imin]  [mAUs] [mAT] x JE ey i
T T e T S T
Z 2z.45% EEA  1.7527 1.51404sé  150.81160 50.0215 2 23.2e o188 178
Totala = 4.25871ad  B18.5726%
Totala = 3.B2640a4  4EE.15782
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8. 'H NMR and *C Spectra

KSY-4-BisBn-allene-H 1 1 yhr 20170122
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LJY-3-053-isc 1 1 20160517 Current Data Parameters
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DGK-9-050-P 1 1 yhr 20170120
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LJY-3-082-iso 1 1 yhr 20160614
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3.490

3

.481

1.752
1.750
1.729

NAME LJY-3-082-is0
EXPNO 1
PROCNC 1
Date_ 20160614
Time 17.17
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPRCG 2930
D 65536
SOLVENT CDC13
NS 16

2
10000.000 Hz
0.152588 Hz

6553
500.3000131 MH
EM
0
0.30 Hz
0
1.00

M
L
T T T T T T T T
10 S 8 i 4 3 2 5 6 Ppm
oy < ||O o O }OO i=di=] o =l
=
LJY-3-072-iso 14 1 yhr 20160615
o OV NEMONMOMOSoOS 0
<1 O NVINDAIBR OO anHO~OTIN a
- n ooewrTrr~YNnINN HINOITSOM®DODON o
. s SeTwuiis e et e COND®D T M i
- H ONOMONS NSO A e iatL )
© N MOOONNNNN o NERVVMOon o
- o oA A A A A ek rre -
’ | |

/
\

/
X

75.47

CEANNEL £2

T T T
200 180 160

T
140

T
120

T
100

S50

80

60

40

20

0 ppm



LJY-3-083-iso 1 1 yhr 20160614

7.338

o
]
Xl
'

3.443
1.948
1.923
1.721
1.707
1.518

~o
o
Y
PR

NAME

1 379

o
©
N
~

A S

6 324
6.321
6.317
5.816
5.809
5.795
5.788
5.782
5.775

0
©
-~
3

——8.992
——-8.888
5.749
5.540
5.505
5.387
5.366
3.493
3.486
3.476
3.468
3.461
3.451

( INSTRUM
PROBHD
PULPRCG

D
SOLVENT

10 9 8 1 ppm

1.00

LJY-3-083-iso 13 1 yhr 20160614

16

—151.08;
——140.498
——134.143
—119.362
——103.108
81.302
77.480
77.226
76.972
76.779
__-33.043
~—31.551
__-25.666
24.017
23.838

e

——163.4

NAME
EXPNO
PROCNO
Date_

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S51

LJY-3-083-is0
1

1
20160614
17.28

sp!
5 mm QNP

2
10000.000
0.152588 E
3.2768500
198.92
50.000 u
6.50 us

303.1
1.00000000 ¢
1

500 )030890

1H

10.50 us
65536

500.3000135 MH
EM

0
0.30 Hz
[}

1.00

LJY-3-083-iso
13

20160614
17 78

oNP

1(|/13

2.00000000
0.03000000

2768
125.8005075
EM

()

1.00

]
1.40



KSY-3-262-H 1 1 yhr 20161209

= oM e e
ey

K5Y-3-262-C 1 1 20161219 YHR

51.0

— 1

.10
T—134.24

13

.23

— 119

—111.4

Current Data Parameters
NAME K5Y-3-262-H
EXPNO 1
PROCNO 1

o
o ition Parameters
- 20161212
f 17.53
INSTRUM spect
PROBHD 5 mm PAEBO BE-
PULPROG 2930
D 65536
| SOLVENT coel3
ns 18
DS 2
SWH 6188.119
FIDRES
| AD
oW usec
| DE ez
{ TE 293,
[ D1 2.00000000 sec
| DO 1

CHANNEL £1
300. 1314684
1H
| 11.00 usec

B8.75839996 W

essing paran

3276
300.1300061 MHz

EM
0
0.30 Hz
| a
1.00

12,67

29761.904 Hz
0.454131 H=z

0.03000000 sec
1

CHANNEL f1
125.8131145 MHz
13C

10.00 u
87.00000000 W
CHANNEL £2 = =

SF02 500.3020012 MH=z
NUCZ 1H
CPDPRG[2 waltzlé

80.00
21.50000000 w
0.42140001 W
0.26565999 W

rocessing parameters
32768

125.8005139 MHz
EM

a
1.00 H=z

r 1.40

(=R |
=}
=
o -
=3
-
o —
(=]
e
=

2

[

0

S52

s
[=]
3%
[=]
[=]

ppm



KSY-3-272-H 1 1 20161219 YHR

R R ]
[~ 1 67 61 M 0 M0 o)

31
30

L Lo L

O

=

O N_ _NH
Bno/j/ * \n/
. O

BnO
2c-U

oo
RS

-l ol ol ol ol ol o ol ol e el e e it el ol ol =1
L L L

= 0wy uy 0 0y
o ool o e

-
o

e =R T
- - =

I ( (]
|
|

| .

|
LA L L

10 9 8 7 6 5 4 3 2 1 ppm

| | |

{

g b= = AT B

Ksy-3-272-C 1 1

20161219 YHR

™ HOOoWNn WMo
ol o Oh 0D U U O 00 0 T
G == 0
=00 o4O O
it A

—151.05

— 183

Current Data Parameters

NAME KSY-3-272-H
EXPNC 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20161220
Time 22.44
INSTRUM spect
PROBHD 5 mm PABEC BB/
PULPROG 293
™ 65535
SOLVENT cocl3
NS 16
s
SWH
FIDRES z
A 3.2767999 sac
G 112.28
oW 50.000 usec
DE 6.50 usec
TE 296.1 K
D1 1.00000000 sec
00 1
CHANNEL f1 =
500.3030896 MHz
1H
11.20 usec
21.00000000 W
F2 - Processing parameters
5T 553
SF 500.3000133 MHz
WDW EM
358 0
LE 0.30 Hz
GB 0
pC 1.00

Current Data Parameters

HAME KSY-3-272-C

EXPNO 1

PROCNO 1

F2 - Rcquisition Parameters

Date_ 20161220

Time 22.56

INSTRUM spect

PROEED 5 mm PAEEQ EE/

PULPROG zgpg30

TD 65536

SOLVENT cocl3

us 306

DS

SWH

FIDRES

aQ

BG

DW

DE .50 usec

TE 296.2 K

D1 2.00000000 sec

D11 0.03000000 sec

TDO 1

CHARNEL f1 =
125.8131145 MHz
13c

10.00
87.00000000 W

CHANNEL f2

MHz

500.3020012
1H
CPDPRG([2 waltzlé
PCPD2 20.00 usec
PLWZ 21.50000000 W
PLN12 0.42140001 W
PLW13 0.26969999 W

F2 - Processing parameters
32768

SF 125.8005214 MH=z
WD EM

85B 0

LB 1.00 Hz
GE 1]

PC 1.40

T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 prm

S53



JSH-3-114-FP 2 1 20160720

THSTRIUM
H\.QHH. 5 mm JH_‘L I:'I:'-

206,46
L 2.00000000 ==
pyell] 1
= CHANNEL £1 ===m=—=
P01 300.1314684 MH
s § 1H
1.00 us
L]

2
HO
= (0]
_\\N\H/NH
. O
2a-HmU
AR AR R LR s R
10 L]

-

JEH-3-114-F 12 1 20160720

—— 164.258

E1,254
T7.650
77,228

T6.BOZ

TE.T2B

—— 151.042

—137. 888
——134.022

—115.523

—— 114,617
—— 58,851

<

2

||

L] _';r)

| =

S B
oD
gnﬂar-r‘!
R T
Mol W WM
L

ppm

MAME JEH-3-114-F
EXFRO i3
FROCHD 1
Data_ 20160715
Tins 22.08
INSTRIOM

Epest
PROBAR 5 mA PASEO BE
BULERG

™

SDLVENT
5 Hz
Hz
ELD

n&e
el
E B R
| L5O00000 sec
D11 t 03000000 sec

CHAMMEL £1
752

15,

T T
200 180 160



JSH-3-128-P 2 1 vyhr 20160727
— SONAM O 0no
- Ao R MO O WD M
e e o o e @ - - o~
o [~ [~ 0 0 O 10 1) 1) ) w0 w
[ L L
=—

O MmN TON O D
NO MO O W MO D
R R R T TR
0w < T mom
4 )

2.975

1.804

1.616
1.5%4
1.571
1.548
1.327

)

1.215

1.303
1.291

~ R [

= [=2] (=1

3 2 S

=] - -
JSH-3-128-P 13 1 wyhr 20160727

o, - L]

- [=] L=

ial (2] oM

+ o £ "

w w ™ om

- - - o

T i
160 140

T
1a0

]
=
|-

— 115, 983
——114.802

T
120

=)
Qoﬁ

-

™

T
100

——— B3 . 661
77,652
77,229
Té . BOS

<

— 69,578
—— 58 . Bdd

T
80

S55

ppm

s o
&N
oo
oy N
|II

\ |

L161

— 14

o,
BRUKER
(<

Current Data Parameters

NAME JSH-3-128-P
EXENO 2
PROCNO 1

F2 - Acquisition Parameters

Date_ 20160727
Time 17
INSTRUM spect
PROBHD 5 mm PABBO BBE-
FULFROG zg30

D

SOLVENT

NS

DS

SWH

FIDRES 0.094423 Hz
AQ 5.2953086 sec
RG 203

ow 80.800 usec
DE 6.50 =]

1 0 usec
8.75839996 W
F2 - Processing parameters
SI 32768

SF 300.1300060 MH=z
WDwW EM
5SB a

LB 0.30 Hz

GB )

PC 1.00
KAME JEH-3-128-P
EXFHO 13
FROCHD 1
Data_ 20150727

0.0
SpELL

5 mn PRESBD EE

[=y.




JSH-3-162-P 2 1 20160810 m
NI A FONENMO A A @MOUON T ANRE I RO 00N BTG 0T O N D MDD~
CONFM A OO Y N OO AR PN TYVN A0 OO WOMM M ONMEOWQW ™o
L e I e R R B Bt e o e B R e e e e R e e e R R R R s R e R R R R s R e R i e T o g
L 0O S RSO g o g e g et — 1 <40 .4 1 ;4
Current Data Parameters
NAME JSH-3-162-P
EXFNO 2
PROCNO 1
F2Z - Acquisition Parameters
Date_ 20160810
HO Time 17.47
INSTRUM spect
PROBHD 5 mm PABBO BB-
(@) PULPROG zg30
= D 65536
SOLVENT
NS
B0 O N_NH NS
SWH 6188.1
FIDRES 0.084423
BnO x 0 A0 5.2053086 sec
RG 114
oW B0.800 usec
DE 6.50 usec
2c-HmU TE 297.1
D1 2.00000000 sec
D0 1
CHANNEL f1
300.1318
11.00 usec
B.T5839996 W
i F2Z - Processing parameters
ST 32768
SF 300.1300060 MHz
f WDW EM
SSE o
1B 0.30 Hz
GB o
BC 1.00
- - S, T
I I I I I I
10 9 3 2 1 ppm
] [N P
n
@
D[
JSH-3-162-P 12 1 20160810
a SaNedYsEEEne w CE-EEE
-
3 AN8RRlEsafaq AnanSraann
. HoMmMNOo N -9
= L L L ]
L] ELLLE L L] [l ol R -1 ]
- e e e W
N4 2
TE 297.3 K
Il L. 8000000 sec
L1l 0. 03000000 sec
gy ] 1
m——— CHAHHEL [l ==—e———
75, 4752553 HH
130
10,20 use
3EZTER
T5.467TI57 HH:
En
a
1.0 Hz
1
.40
3 T T & T J T - T o T K T 4 T - T T o
200 ia0 160 140 120 100 a0 &0 40 20 ] PEm

S56



K5Y-4-282-122216 at RT

Current Dat

2 Parameters

NAME KSY-4-282-122216
EXPHO 1
PROCNO 1
FZ - Bcquisition Parameters
Date_ 20161222
Time 10.54
INSTRUM spect
PROBHD 5 mm PAEEO HE/
PULPROG
D
SOLVENT
NH,
O_ N__N
) u;
u
. O 296.1 K
3.00000000 sec
1

CHANNEL f1 =
2a-C 500.3030896 MHz
s 1H
| 11.20 usec
f | | ; 21.00000000 W
[
{ | P | | F2 - Processing parameters
3 65536
sF 500.3000136 MHz
WOW EM
S5B 0
12 0.30 Hz
GB 0
| PC 1.00

prm

1
o
o
[es)
-]
o
(8]
=S
w

— o
F

0.9

Current Data Parameters

NAME (5Y-3-282-C
EXPNO 1
o u I - - PROCNO 1
et " - o o - —- o Mo W
. . N . N — O Oy owwo® - ..
@ R @ . Lenen F2 - Acquisition Parameters
5 3 I 3 b EN PRSI Date_ 20161220
| Time 21.09
| | | | | \| \ INSTRUM spect
PROBHD 5 mm PABEQ BB/
PULPROG zgpg30
™ 65536
SOLVENT cocl3
NS 352
DS 1
SWH 29761.904 Hz
FIDRES 0.454131 H=z
aQ 1.1010048 sec
RG 2050
oW 16.800 usec
DE 6.50 uses
TE 296.2 K
b1 2.00000000 sec
D11 0.03000000 sec
D0 1
CHANNEL £1
125.8131145 Mz
13C
10.00 uses
87.00000000 W
CHANNEL £2
500.3020012 MHz
1H
CPDPRG[2 waltz16
pCPD2 80,00 usec
PINZ 1.50000000 W
PLW1Z 0.42140001 W
PLH13 0.26969993 W
F2 - Processing parameters
32768
125.8005199 MHz
EM
1.00 Hz
1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 Ppm

S57



KS5Y-4-027-122216 at RT

Current Data Parameters

NAME K5Y-4-027-122216
EXPNO 1
PROCNO 1
NN Ao o ew
T 000 F2 - Acquisition Parameters
e o e Date_ 20161222
Time 13.33
‘W W w% INSTRUM 5] £
PROBHD 5 mm PAEEO HE/
PULPROG zg30
D 65536
SOLVENT cocl3
NS 30
DS
SWH
NH FIDRES
2 AQ
| RG
| D
O N__N , o
\”/ ( TE 297.6 K
D1 4.00000000 sec
. O DO 1
CHANNEL f1 = =
500.3030896 MHz
2b-C 1
11.20 usec
21.00000000 w
F2 - Processing paransters
51
| SF 500. ;000133 Mz
WDW EM
‘ SEE 0
1B 0.30 Hz
CE 0
PC 1.00
T I I I T I
10 9 2 7 4 3
||
-
K5Y-4-027-C 1 1 yhr 20161221 Current Data Parameters
NAME 4-027- C
EXPNO
~ o o w ~ PROCNO 1
— =21 - uy - 1= L T -~ w -
. . L g a fra e T o . o
- - e = w - R R o F2 - Acquisition Parameters
S 3 32 3 q S BEES 3 EA T B Date_ 20161221
\ Time 19.10
| | | | ‘ | \ \'I/ | / ‘ | INSTRUM spect
1 PROBHD 5 mm PAEEO BE/
PULPROG zgpg3l
D 65536
SOLVENT cocl3
NS 133
DS
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1010048 sec
AG 2050
oW 16. 800 usec
DE 6.50 usec
TE 296.4 K
D1 2.00000000 sec
D11 0.03000000 sec
D0 1
CHANNEL f1 ==
125.8131145 MHz
13C
10.00 usec
87.00000000 W
CHANNEL £2
SFOZ 500.3020012 MHz
NUC2 1H
CPDPRG (2 waltz16
PCPD2 80.00 usec
PLW2 21.50000000 W
PLN1Z 0.42140001 W
PLW13 0.26869999 W
F2 - Processing parametars
32768
125.8005245 MHz
EM
1.00 H=z
1.40
' I ' I I ' I I I ' I I '
200 180 160 140 120 100 80 0 Ppm

S58



LJY-3-109-is0

r7.445

3 1 20160701

o nw
Che i bl
@@ e
v an

5.332
5.328
5.297
5.292

__~4.578

4,536
4,493

/

3.975
3.959
3.943
3.925
3.908
3.665
3.649
3.630
3.614
3.609

-
§
X

~

3.57
3.574
3.556

-3.544
-3.532

3.523
3.510
3.497
3.489

L3.a75

PROCNC

F2 - Acquisition Parameters

Date_ 20160701
Time 7.44
INSTRUM spect
PROBHD 5 mm PABBO EB-
PULPROG zg3
) 65536
OLVENT CDC13
32

2
6188.119 Hz
94423 Hz
53086 sec

80.800 usec
6.50 usec

TE 286.5
D1 2.00000000 sec
TDO 1
CHANNEL f1
300.1314684 MHz
1H
11.00 usec

8.75839996 W

Processing parameters

32768
300.1300060 MHzZ
EM
0
0.30 Hz
0
1.00

L J J
T I T I T I T T I I
10 9 8 7 6 5 4 3 2 ppm
) I | ] |\ J U L)
o =| 0 |o| ol |=|w (ol cd of
= o H | o|o oo @
| | ‘A‘ ‘A A‘ | o
LJY-3-10%9-iso 1 1 yhr 20160623
© M mmavorvwwod
S 0 VIIEONNHAOLN T ANV 0O
A K ONALYYR~ROO ¥ YeMLo®®mNO
. S S RN H HIARIINOS
© W HORLOONINI QO C S
© N ITMOMNNNNNNA 0 MEESOMMO
PR R S i O WNFRCNCNEO
RN I V72 e e s
XPHO 13
PROCNC
Date_ 20160629
T 23.33
specl
5 mm ONP “H/13
3
1.50000000 sec
C.C3000000 s=c
1
NNEL £1 -
ol " " .
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S59



LJY-3-084-iso 2 1 yhr 20160615

A~

EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
0

SOLVENT
NS

Ds

= CHANNEL fl

[ o

LJY-3-089-iso0 13 1 yhr 20160619

136.654
135.956

——164.309
——151.455
T~133.701
——124.650
——119.606
——111.732

=

- -

77.478
77.224
76.969
——69.933

__-82.326

<

o

2.09

——34.468

2.20

—22.194

3.285

_—13.766
T—12.633

ppm

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

D
SOLVENT
NS

T T T T T
200 180 160 140 120

T
100

80

S60

60

40

20

0 ppm

LJY-3-084-1iso0
2

1
20160614
23.24
spect
5 mm PABBC BBE-
2g30
65536
coci3
6188.119 Hz
.094423 Hz
5.2953587
181
80.800 use
6.50
296.4 K
2.00000000
1

11.00 use
-2.00 dB
8.75835800 W
300.1314684 Mz
32768
300.1300066 MHz
EM
0
0.30 Hz
0

1.00

LJY-3-089-iso
13

1

20160618
20.39

spect

S mm QNP 1H/13
29pg30

65536

cpel3

83

p
29761.904 Hz
0 4131 Hz
1.1010548 sec
129.16
16.800 use
6.50 use
303.2 K
2.00000000 sec
0.03000000 sec
) §

CHANNEL fl ====
125.8131145 MH:
13C

8.20 use
32768
125.8005130 MH:
EM
0
1.00 Hz
0

1.40



LJY-3-088-iso 1 1 yhr 20160619

-~ COMNNNNMONHOWIMNMONTINNNNOVON o
o w WVWNANMOMANANNNA A0 NNOMOANMO o
N~ NO OO < <r 000000000 OIS~ «©
oo CEFVVVONNN T TS T TS T -
\} \ V/ W \V &%/, NAME LJY-3-088-iso
EXPNO 1
PROCNO 1
Date 20160610
Time 4.35
INSTRUM spe
PROBHD 5 mm QNP 1H/13
PULPROG
™
SOLVENT
- (@) bs 2
O N SWE 10000.000 Hz
" NH FIDRES 0.152588 Hz
aQ 3.2768500 se
— RG 143.9
o DW 50.000 us
DE 6.50 us
TE 303.2 X
D1 1.00000000 se
4 DO 1
= CHANNEL £1 =
500.3030896 MH
1H
10.50 us
65536
500.3000127 MH
EM
0
0.30 Hz
0
( . 1.00
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
|
o =1=d o o oo Led
- |- - - - L]
LJY-3-088-iso 13 1 yhr 20160619
~ g 0 n '3 ©
© 0 cm o - n Homm 0
- o - o n L NANO - n
v 3 e 8 . ~ ©N®D O ~
- o nm wn - d xR Nedy =
w n mm ~N - o ~r~on N
- - Lalal - - o | o el N -

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S61



LJY-3-085-iso 2 1 yhr 20160615

_——9.435
T~—19.379

-

N

74 e}

5-1

2.046
2.023
1.999
1.976
1.449
1.424
1.399
1.375
1.350
1.326
0.907
0.883
0.858

V
Vs
N
AN

NAME LJY-3-085-is0

EXPNO 2

PROCHNO 1

Date 20160614

Time 23.29

INSTRUM spect.

PROBHD 5 mm PABBC BB:

PULPROG 2g30

TD

SOLVENT

ns

DS

SWH

FIDRES

AQ

RG

ow

DE

TE

D1

DO

CHANNEL f1

11.00 use
-2.00 4B

8.75835800 W
300.1314684 MHz
32768
300.130006

N

10 6 5 4 3 1 ppm
o it il - ™) N)
O Ll =3 - ™ -
- o o~ o~ o~ o
LJY-3-085-iso 13 1 yhr 20160615
b o e d < NN - N -
w0 L) O N - ~ o o HOWVwMNM - (=3 o
~ ~ o = -« 00 ~N N NOO 3 o N
. . »--a1 Ay . N O N < o~ «©
el - owm <+ o ™ o R . . .
o n LM N o o N> YOWO s o~ ™
- - o L o ] - o~~~ [l o -
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

S62



LJY-3-098-iso 2 1 20160622

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD
SOLVENT

DS

CHANNEL f1 =
200.1314684 MH
1B

T T
10 9
\lc‘r

By

o

LJY-3-098-iso 13

20160622

——163.768
——150.906

—139.771

—133.579

oo

e

——124.822

——103.075

» -

——90.980
77.653
77.230
76.806
76.014

<

=

NAME
£XPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

™D
SOLVENT
NS
DS

T T
200 180

T
160

T
140

T
120

T
100

80

S63

60

40

20

0 ppm

-3-098-iso
20160622

4.25
ect

sp
S mm BABBO BB-

zg30
65536
CDC13
28

5
6188.119
0

296.2
2.00000000

11.00 us
32768

200.1300058 MH

EM
0
0.30 Hz

0
1.00

LJY-3-098-iso

13

1
20160622
4.17
spect

5 mm PABBO BB-—

18028.846 Hz

0.275098 Hz

1.8175818 sec
16

27.733 use
6.50 use
296.6 K
1.50000000 sec
0.03000000 sec

1

Al 5
75.4752953 MH:
13C

10.20 use
768




KSY-4-051H 1 1 201le0624

R R R R=R = T

oo W oW T oo
Rl R N R I e S e R R R N i

el B e
Rl R e AT

3D U U D WD o o

Current Data Parameters

NAME ESY-4-051H
EXPNO 1
PROCNO 1

= F2 - Acquisition Parameters

- Date_ 2016062

" Time 22.10
INSTRUM spect
PROBHD 5 mm PAEBO BE-
PULPROG zg30
™D 65536
SOLVENT cocl3
N3 4
Ds 2
SWH 6183.119 Hz
FIDRES 0.094423 Hz
2D 5.2953086 sec
G 144
DW 80.800 usec
DE 6.50 usec
TE 296.2 K
D1 2.00000000 sec
TDO 1

= CHANNEL £1

300.1318534
1H
11.00 usec
71 8.75839996 W
F2 - Processing parameters
ST 32768
p ) sF 300.1300061 MHz
; | WDW EM
i | 3B ]
'1 L8 0.30 Hz
| CE 0
A é ,JJ\ BC 1.00
|
|
T T I T I I I I I
10 9 2 6 5 4 3 2 ppm
L) I
I -
KSY-4-051C 1 1 20160624 Current Data Parameters
NAME KS¥-4-051C
EXPNO 1
= (= o PROCNO 1
=3 (] - a3 00D M Mo an
B M B o N = 5 - L.
= o = e - F2 - Acquisition Parameters
= 3 pa gReEEeEny ol Date_ 20160624
| Time 22.15
| | / \x\l/// INSTRUM spect
‘ PROBHD 5 mm PABRO EE-
PULPROG zgpg30
TD 65536
SOLVENT cDcl3
NS B
oS 2
SWE 18028. 846 Hz
FIDRES 0.275098 Hz
aQ 1.8175317 sec
RG 16
DW 27.733 usec
DE 6.50 usec
TE 296.8 K
D1 1.50000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1
75.4752953 MHz
13C
10.20 usec
18.97400093 W

CHANNEL £2
300.1312005 MH=z

NUCZ 1H
CPOPRG[2 waltzlé
PCPDZ 90.00 usec
PLWZ 8.75839996 W
PLW12 0.13083000 W
PLW13 0.10593000 W

ing parameters
32768

5.4677402 MH=z
EM

1.00 Hz

1.40

T T T
200 180 160

T
140

T
120

T
100

80

S64

0 ppm



KSY-4-053H 1 1 20160625

Current Data Parameters

NAME ESY-4-053H
EXPNO 1
PROCNO 1

W o M oMo Mmoo
Noocoocoommmm

F2 - Acquisition Parameters

P V- V- P Date_ 20160625
Time 20.46
| \WJ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 65536
SOLVENT cocl3
NS 11
— o Ls 2
S R = SWH 6188.119 Hz
0 @ o W r~ FIDRES 0.094423 Hz
O m ln ln ln m m AQ 5.2953086 sec
RG 287
~ W D 80.800 usec
/ f DE 6.50 usec
O-_,N__NH [ TE 296.1 %
BnO \n/ ] ol 2.00000000 sec
_ | TDO 1
O
| CHANNEL £1
300.1318534
7 11.00
. 75839596
F2 - Processing parameters
5I 32768
SF 300.1300061 MHz
. WDW EM
| i SSB 0
i r / { I 7 i) 0.30 Hz
| | Cptsiene 0
| | ‘ ‘ | - pC 1.00

Current Data Parameters

NAME -4-053-C
EXPNO 1
@ © wMmoomown o PROCNO 1
o o @O, @ -
C‘": = Ir: :{\- x z 2 - c‘{; o = FZ - Acquisition Parameters
- v anaogiqgy o o Date_ 20160625
| Time 20.29
\ \ \t// | INSTRUM spect
PROBHD 5 mm PABECQ EE-
PULPROG zapa30
TD 65536
SOLVENT CcDcl3
NE 24
Ds 2
SWH 18028. 846 Hz
FIDRES 0.275098 Hz
AQ 1.8175317 sec
RG 14.2
DW 27.733 usec
DE 6.50 usec
TE 296.6 K
D1 1.50000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
15.47

10.20 usec
18.97400093 W

CHANNEL £2
300.1312005 MH=z

PRm

S65

32768
75.4677402
EM

NUCZ 1H
CPDPRG[2 waltz16
PCPDZ 90.00 usec
PLWZ 8.75839996 W
PLW12 0.13083000 W
PLW13 0.10538000 W

Processing parameters

MH=z

) Hz



KSY-4-055-H 1 1 20160626 Current Data Param

ra
NRME KS¥Y-4-055-H
EXPNO 1
PROCNO 1

NSO Ao STAIODMM IO CVNOCOCVENAAOOTNN@DE [~ 0NN O ;o

Mmool oo @ FRYWOOONNNENT TT T L LT LTOMMO OO OO 000 T F2 - Acquisition Parameters

B8 w0 0 B0 W0 10 101010 0 0 10 10 10 10 10 10 10 M e m e Date 20160627

La
-
%
=
i3

5.33
INSTRUM spect
PROBHD 5 mm PAEEO BE-
PULPROG
| D
— o ow oo SOLVENT
O ) s o~ [~ W 3
e oL NN s z
e . e e e SWH £188.119 Hz
O [ W0 WO W FIDRES 0.094423 Hz
AD 5.2953086 sec
‘ ‘/ \‘\|///j G 101
o N NH | | [ f DW 80.800 usec
| 'I DE 6.50 usec
BnO \[( | TE 296.8 X
| D1 2.00000000 sec
/ \ (6] | TDO 1
| CHANNEL £1 =
300.1318534 MHz
8-1 | “’
11.00 usec
| ‘ 8.75833995 W
F2 - Processing parameters
| 51 32768
- SE 300.1300001 MHz
A WDW EM
; “_J / \ SSB 0
{ et —_ LB 0.30 Hz
| cB 0
T T T ] BC 1.00
| 6.5 6.4 6.3 ppm
A\ / l-._, -
o™ N [
Iss) =
o =
| (=} |
10 9 g 7 6 5 3 2 1 ppm
| r ;T W I\ |
Current Data Parameters
NAME KS¥-4-055-C
EXPNO 1
n o wEoa oMo ® — PROCNOD 1
- ™ =~ M O 00w o
" =l Rl ol =) [ FZ - Acquisition Parameters
b= B agga9999d = Date_ 20160627
Time 20.09
‘ | \\\\ \V // | THSTRUM spact
PROBHD 5 mm PABEC BE-
PULPROG zgpa3l
TD 65536
SOLVENT cpcl3
NS 249
oS 2
SWH 18028.846 Hz
FIDRES .275098 Hz
aQ 1.8175317
RG
DW 27.733
DE
TE
D1 1.50000
D11 0.03000
TDO
CHANNEL £1
T5.4752553 MH=z

13c
10.20 usec
18.97400093 W

CHANNEL £2

300.1312005 MH=z
NUCZ 1H
CPDPRG[2 waltzl6
PCPDZ 90.00 usec
PLNZ .75839996 W
PLW12 13083000 W
PLW13 0.10598000 W

FZ - Processing parameters

-3 32768

SF 75.4677435 MH=z
WOW EM

SSB 1]

LE 1.00 Hz
GBE 1]

PC 1.40

T T
200 180 160 140 120 100 80 60 40 20 0 prm

S66



KS5Y-4-061 1 1 20160701 Current Data Parameters

NAME KSY-4-061
EXPNO 1
PROCNO 1
el T Oy > .
) 00 07 00 o O Y £ 0N 7 0 - I - ) D ~ I - F2 - Acquisition Parameters
D PR PR Date_ 20160701
Time 21.17
INSTRUM spect
PROBHD 5 mm PAEBO BE—
PULPROG zg30
™ 65536
SOLVENT cocl3
s 1
Ds 2
SWH 6188.119 Hz
FIDRES 0.094423 Hz
o 5.2953086 sec
RG
DW
DE
TE
O D1
To0

BnO

CHANNEL
300.1314684 MHz

|‘ 18
11.00 usec
8 ‘ 8.75839996 W
F? - Processing parameters
sT 32768
sF 300.1300063 MHz
WDW EM
558 0
LB 0.30 uz
cB 0
£C 1.00
B A
]
. S} S
T T T T T T T T T T T T
12 11 0 [ 5 4 3 2 1 pm
| |1
KSv-4-061-C 1 1 20160701 Current Data Parameters
NAME (5Y-4-061-C
EXPNO 1
(=] = W o W o = PROCNO 1
2 & S3289359% 2
™ S Ao m oo o F2 - Acquisition Parameters
ot 4 39994999 =1 Date_ 20160701
' Time 21.27
| ‘ \ \\ (// ‘ INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
™ 65536
SOLVENT cocl3
NS 151
D3 2
B 18028.846 Hz
FIDRES 7
AQ
RG
DW
DE
TE
D1
D11
TDO
CHANNEL £1
75.4752953 Mz
13c
10.20 usec
18.97400093 W
CHANNEL f2 =
300.1312005 Mz
NUC2 10
CPDPRG[2 waltz16
pCPD2 30.00 usec
PLNZ 15839396 W
PLI12 0.13083000 W
PLi13 0.10538000 W
F2 - Processing parameters
ST 32768
SF 75.8677419 Mz
WDW EM
358 0
LB 1.00 H=z
GB 0
BC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 a0 60 40 20 0 ppm

S67



JSH-3-176-FP 2 1 20160825

T oo
0 W0

@ -

L

M
[l ol e ¥ < RV < RV

NN N W0 W

11 10 9 8

JSH-3-174-P 13 1 20160826

164,08
—151.17

.09

13

137.9
133.40

127.80

52

114

Current Data
NAME

EXPNOC

PROCNO

Parameters

JSH-3-176-P

SR

F2Z - Acguisition Parameters

Date_
Time
INSTRUM

spect

PROBHD 5 mm PABEO BB-
PULPROG
D

SOLVENT

2
6188.119 Hz
0.094423 Hz
5.2953086 sec

40.3
20.800 us
6.50 us
295.7 K
2.00000000 sec
1

CHANNEL f1 =
300.1314684 MHz
18
11.00 usec
8.75839996 W
F2 - Processing parameters
5T 32768
sF 300.1300060 MHz
WDW EM
33B 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

NAME JSH-3-174-P
EXPNO 13
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160826
Time 16.18
INSTRUM spect
PROBHD 5 mm PAEBO EE-
PULPROG zgpg30

D 65536
SOLVENT cncl3

NS 102

oS 2
SWE 18028.846 Hz
FIDRES 0.275098 Hz
AQ 1.8175317 sec
RG 20.2

DW 27.733 usec
DE 6.50 usec
TE 296.7 K
D1 1.50000000 sec
D11 0.03000000 sec
D0 1

CHANNEL £1

CHANNEL £2

75.4752953 MHz
13cC

10

189740

300.1312005 MH=z
1H
waltzlé
20.00 usec
B.75839996 W
0.13083000 W
0.10598000 W

F2 - Processing parameters
3276

0

o —

T T
200 180 1

T
140

T
120

T
100

80

S68

0 ppm



JSH-3-196-P 4 1 20160831

4
0-_N__NH
BnO g
— 0

a3
[Ej
]
%

4.08

JSH-3-1%6-P 13 1 yhr 20160831

Current Data Parameters
NAME JSE-3-196-P
EXPNO 4
PROCNO 1
F2 - Rcqguisition Parameters
Date_ 20160831
Time 15.58
INSTRUM spect
PROBHD 5 mm PAEBO BB-
PULPROG zg30
TD 65536
SOLVENT cDCcl3
NS 2
Ds 2
SWH 6188.119

FIDRES 0.094423 ¢
5.2953086 =

AD
RG

CHANNEL f1
300.1314624
11.00 usec
8.7583999%6 W
rocessing parameters
32763

2768
300.130 0 MHz

EM
0
LB 0.30 Hz
GB 0
PC 1.00
Current Data rameters
-3-196-F

13

w 0
@ - o
: . 8
o = .
b & @
3 3 B
Ds 2
SWE 18028.846 Hz
FIDRES 0.275038 Hz
AQ 1.8175317 sec
RG 20.2
oW 27.733 usec
DE 6.50 usec
TE 296.2 &
D1 1.50000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
75.4752953 MH=
13C
10.20 usec
18.97400093 W
CHANNEL 2
Fo2 300.1312005
NUC2Z 1H
CFDFRG[2 waltzlé
90.00 usec
8.75839396 W
~13083000 W
0.10598000 W
ing parsmeters
32768
75.4677341 MHz
EM
1.00 Bz
1.40
: ‘ : . ‘ . : : . : . : . . :
200 180 160 120 100 80 60 0 ppm

S69



KSY-4-050-H 1 1 20160625 Current Data

NAM]

FZ - Acquisition Parameters

Date 20160625

i Time 19.33
INSTRUM spect

5% mm PAEBO BB-

2g30

65536

CDCl3

3z

2

6188.119

10-1

10 9 8 7 6 5 4 3 2 1 pem

ESY—4-050C 1 1 20160624 Current Data Darameters

o - I U U O o =y

54 (=) L AN R R AT e s BT 5 I oy ] L] T o

K S e < e <

& 2 manag = o 5 o o

— R R R I — o [l —

|1 | |
4
| NN W ANV

CHANNEL £2
FO2 300.1

CPDPRE[2
BCPD2
V2

60 40 20 0 PRm

b
K —
[}
—
(=g
o
w
[=]

180 160 140

3%}
o —
o

S70



BnO

NSO M OO~ O
o o o4 0 B3O A3 Uy D D D

[=
i o

L

[ I i e
— o O &
o OV 0
w W uw W

Vs

w -

Current Data Parameter:

NAME
EXPNOC
PROCNO

ers
KSY-4-052-H
1
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD 5

PULPROC
pus]
SOLVENT

20160625
20.39
apect

mm PABRO BB-

2g30

65536

CcDCl3

=

7
6188.119 Hz
0.094423 Hz

5.2953086 zec

296.7
2.00000000
1

= CHANNEL £1 = =
300.1318534 MH
1H
11.00 usec
8.75839996 W
F2 - Processing parameters
s1 32768
SF 300. 1300061 MHz
WDW EM
3SB 0
LB 0.30 Hz
GB 0
PC 1.00

10 9 6 1 ppm
I\
§
KSY-4-052-C 1 1 20160625 Current Dats Parameters
NAME KEY-4-052-C
EXPNO 1
-~ - T WA oW T D =] PROCNO 1
[l =] O STR V-. LY e - o
o P L P, = " F2 - Acquisition Parameters
E no = 9 Date_ 20160625
Time 19.52
| ‘ INSTRUM spect
PROEBHD 5 mm PABBO EE-
PULPROG zgpg30
™ 65536
SOLVENT CDC13
NS 560
Ds 2
=WH 18028.846 Hz
FIDRES 0.275098 Hz
Bg 1.8175317 sec
RG 14.2
oW 27.733 usec
DE 6.50 usec
T 297.0 K
D1 1.50000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL f1 =
75.4752953 MHz
13c
10.20 usec
10. 57400093 W
CHANNEL f2
sFa2 300.1312005 MH=
NUC2 1H
CPDPRG|[2 waltzlé
pCPD2 90. 00 usec
PLW2 0.75039996 W
PLH1Z 0.13083000 W
PLN13 0.10592000 W
F2 -
ST
1.00 Bz
1.40
T T T T T T T T T T
200 180 160 140 120 100 60 40 20 0 ppm



KSY-4-086-H 1 1 20160722

Current Data Parameters

NAME KSY-4-096-H
EXDNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160722
Time 15.19
INSTRUM spect
PROBHD 5 mm PABEO BB-
| [ PULPROG
| D
SOLVENT
| | ns
Ds 2
NH2 | ‘ SWH 5188.119 Hz

FIDRES 0.094423 Hz
AQ 5.2953086 sec

o N N | | : RG js-:n.j-g
DW 80.800 us

BnO \H/ / DE 6.50 ¢
| TE 6

Soe
Y xn O | D1 2.00000000 =
1

CHANNEL £1
300.1314684
1H
11.00 usec
B.75839996 W

cessing paramet
5T 32768
SF 300.1300059 MHz
WDW EM

LB 0.30 Hz

PC 1.00

._.
(=]
o
@
~J)
oy
o
1=
w
R
F
jis]
(8]
=]

KS5Y-4-05%6-C 1 1 yhr 20170104 Curz t ameters

096-C
1

g

1

n )
~ )

51

o
oo

=0 m
|

Iy
w
—

arameters
70104
17.29
spect
5 mm PABEO BB/

120.18

118.
72,41

6.5
142.1

g

-~~~ 20

NN N

1

29761.904 Hz

0.454131 Hz
1.1010048 sec

2050

16. 800 usec

6.50 usec

296.6 K

2.00000000 sec
0.03000000 =e

1

CHANNEL f1 =
125.8131145 MHz
13C

r 10.00 usec
87.00000000 W

CHANNEL £2 =
SF02 500.3020012
NUC2 1H
CPDPRG[2 waltzl6
20.00 usec
21.50000000 W
0.42140001 W
0.26969999 W

rocessing parameters
32768

E 125.8005213 MHz

| EM

H R
|
o

LE 1.00 H=z

r 1.40

o —
1=y
o
(58]
(=]
(=]

0 140 120 100 80 60

o —
@ —

200 180

ppm

S72



KSY-4-099-H 1 1 vhr 20160725

e AT
® [~ [~ 10 00w

v} ) 07 0 0 0T

1.55

10 9 8

K8Y-4-099-C 1 1 yhr 20160725
i

— 162.58
——154.91
— 149,

Current Data Parameters

NAME
EXPNOC
PROCNO

KSY-4-099-H
1
1

F2 - Acquisition Parameters

Date_
Time

INSTRUM
PROBHD
PULPROG
D
SOLVENT
N3

20160725

17.38

spect

5 mm QNP 1H/13

usec

usec

300.9 K

1.00000000 sec
1

CHRNNEL fl1 =
500.303089%%

M

10.50 usec
22.50000000 W

FZ2 - Processing parameters
ST 65536

SF 500.3000133 MHz
WOW EM
55B 0

LB 0.30 Hz
ei ]

PC 1.00

Current Data Parameters

NAME KSY-4-093-C
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160725
Time 17.58
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30

D 65536
SOLVENT cocl3

us 339

DS 4
EWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 143.9

oW

DE

TE

D1 2.000 00 =
D11 0.03000000
TDO 1

CHANNEL f1 =

125.8131145 MHz
13C

8.20 usec
90.00000000 W

CHANNEL f2

0 140

o —

200 180 1

120

S73

500.30
NUC2

CPDPRG[2 waltzlé
PCPD2 0.00 usec
PLWZ o0 w
PLW12 01 w
PLW13 [
F2 - Processing parameters
51 32768

SF 125.8005195 MHz
WDW EM

SSB o

LB 1.00 Hz
GE o

PC 1.40

I

0 ppm



KSY-4-123-H 1 1 yhr 20160929

» N o oM - [~ 0w &
T MMM e

R s e R R

~ NN OO e
- o o

oW o wm
00N o
o) R R R R

’, O ‘\\N
BnO/ g T]/
7 N\ ° ,

ent-7-1 [ s
5

[
i8]
[

pm

Parameters

K5Y-4-123_C 1 1 yhr 20160929 Current Data

NAME 4-123 ¢
o R S PR
(=3 o~ Ll I R =T - - VTR ]
- 4 Crwmoa o
& n ommmm b

— 12
—111.

A\

NUCZ2
CPOPRG[2 waltz16
CPDZ 30.00 usec

[
o —
=]
—
& —
[s=]

140 80 60 40 20 0 ppm

a
[

200 180 1

S74



K5Y-4-126-H 1 1 yhr 20160929

F2 - Acquisition P
Date 20

E 6.1
D1 2.00000000
O TDO - 1
NNEL f1 =
ent-7 300.1314684
1H
| ) 11.00 usec
| PLW1 8.75839996 W
F2 - Processing
51 32
5F 300.1300060 MHz
WDW
SSB 0
L8 0.30 Hz
GB 0
i ec 1.00
i { I { { (
i | |
| | |
| |
| |
‘ [
| | |
| | ‘
|
N J J. } L ol
I T I I T T T I T I
10 9 8 7 6 5 4 3 2 1 ppm
| / | | || AR
Ksy-4-126-C 1 1 yhr 20160829 Current Data Parameters
- NAME ¥-4-126-C
- ®
o ® -
° & o
T T T T T T T T T T T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 o] ppm

S75



MJE-4-142 11 1 YHR 160719
o
=
=
F
Z (0]
0] “\N\”/NH
y N °
1241
[ [ [ ||-
- Il ‘ I
r |
T T T T T T T T
11 9 8 7 & i FPm
I
MJE-4-142 1 1 YHR 160719
2 B R
- o .
¥ ™~ —
| H J L |
I T T I I I T I I T T
200 180 160 140 120 100 80 3 40 20 0 ppm

S76

Current Data Faraneters
HAME J]

EXFNO 11
FROCNO 1

Tima
INSTRUM
FROBED
FULFROG
gu:]
SOLVENT

. .4
D1 2.00000000 sec
1

== CHANNEL fl1 ==
E00.3030E96
NUC1 1H

10.50 usec
22. 50000000 w

F? - Processing parameters

BI EEE3E

EF 500.3000134 MHz
EM

LB 0.30 Hz

PC 1.00

Current Data Faramatarls
MIK-4-142
13

PROCHO

F2 - Acguisition Parametars

Date 20160719
3 1,41
=pa

5 mm QHE 1H/13
PULPROS 2gpg30
T E5E34
SOLVENT cocl3
NE 2279
D= 4
SWH Z9761.904 Hz
FIDRES 0.454131 Hz
O 1.1010048 sec
RG igg.02
oW 16.800 u=ec
DE 6. 50 usac
IE 298.8 x
o1 1.50000000 soc
pii 0.03000000 sec
o0 1

CHAKNEL f1 =

125.8131145 MEz
13c
8. Z0 u=zac

90.00000000 W

CHANNEL £2

sFo2

500.3020012
i 1H
CPOPRG[Z wal &
BCEDZ BO. D0 usac
FLWZ 22.50000000 w
PLW1Z 0.44100001 W
PLW13 0.28224000 w
F? - Processing parameters
s1 32768
sr 125.8005153 MEz
WoW EM
EE] 0
LA 1.00 Hz
GE |
BE 1.40



MJIK-4-136-P 1 1 yhr 20160715 Current Data Parameters
MA. MJK-4-136-F
EXPNO 2
PROCHNO 1

FZ - Acquisitiocn Parameters
20160

— 5,886

10000.000
0.152588

0.152

PLHL 22.50000000 W
FZ - Frocessing parameters
ST 65536
sF 500.3000140 MAz
WOW
SEB 0
1B 0.30 Hz
GB 1]
PC 1.00
| Il I
f
|
|
\ _—
| S
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1
|
|
MJK-4-136-2 1 1 yhr 20160715 Current Data Parameters
NAME ! 136-P
EXPNO 14
o o « PROCNO 1
42 a8 ®
TR -
s 2 &
SOLVENT
e
22
PLW13 0.28224000 W
F2 - ?f‘_CQSSl:g parameters
sT 32768
125.8005089 MHz
EM
0
B
GB 0
PC
I T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 rpm

S77



MJK-4-138-P 2 1 yhr 20160714

Current Data Parameters

NAME MJE-4-138-F
EXPNO 2
PROCNO 1

F2 - Acquisiticn Parameters
20 1

Date_ 160714
Time 20.00
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG 2930
1D 65536
SOLVENT MeoD
NS iz
DS 2
SWH 10000.000 HZ
F FIDRES 0.152588 Hz
AQ 3.276799%9 sec
O RG 179.08
= oW 50.000 usec
DE 6.50 usec
IE 299.9 K
o .\\N NH o1 2.00000000 sec
Q \”/ D0 1
(6] CHANNEL f1 ==
If 500.3030286 MHZ
| 10.50 usec
(-)-Tegafur | 22.50000000 W
F2 - Processing parameters
SI 65536
| SF 500.3000108 MHZ
WOW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
—
I I I I
10 9 8 1 PPm
MJK-4-138-P 13 1 yhr 20160714 Current Data Paramsters
NAME MJK-4-138-P
EXENO 13
T - o m EROCNO 1
«© o o - oo o w WO WO S —
L . B .. © I WMo @ o o
a2 9z s - o o o o - FZ - Acquisition Parameters
nw @ ww AN -3 222333332 9 Date_ 20160714
|II Time 18.01
v f \/ ‘ | W ‘ INSTRUM spect
i PROBHD 5 mm QNP 1H/13
FULFROG zgpg30
o 65536
SOLVENT MaoD
NS 2690
Ds 4
SWH 29761.904 HZ
FIDRES 0.454131 Hz
A 1.1010048 sec
RG 188.92
DW 16.800 usec
DE 6.50 usec
TE 2589.3 K
Dl 1.50000000 sec
D11 0.03000000 sec
00 1
== CHANNEL f1
3FO1 125.8131145 MHz
NUC1 13cC
Pl 8.20 usec
PLW1 50.00000000 W
== CHANNEL f2 ==
SFO2Z 500.3020012 MHz
NUCZ 1H
CPDPRG[2 waltzl6
PCFD2 80.00 usec
PLWZ 22.50000000 W
PLW12 0.44100001 W
PLW13 0.28224000 W
F2 - Processing parameters
5T 32768
SF 125.8003414 MHz
WDW EM
SSB 0
LB 1.00 HE
GB 0
EC 1.40
' I ! I I ' I I ' I ! I ' I ' I ' I ' I !
200 180 160 140 120 100 80 60 40 20 0 ppm

S78



JSH-3-096-P 1 1 20160711
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Current Data Parameters

NAME JS5H-3-096-P
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160711
Time 17.39
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG

™D

SOLVENT

NS

DS 2

SWH 6188.119 Hz
FIDRES 0.094423 Hz
a0 5.2953086 sec
RC 144

DW 80.800 usec
DE 6.50 usec
TE 296.4 K
D1 2.00000000 sec
TDO 1

CHANNEL f1 =

300.1314684 MHz
1H
14-1 _ _11.00 usec
[ f / B.75B39996 W
| |
| FZ - Processing parameters
‘ |.'f_ sI 32768
/ SF 300.1300062 MHz
| 5 },-"\ WOW EM
S8B 0
LB 0.30 Hz
GB 0
PC 1.00
H=-3-0%6-P 14 1 20160711
e § BERZSaRERT s@w o in
Lad Lal IPF\'QN“MRN& 'ﬁlﬂﬂ#‘lﬂz - ﬂ
. L LR L] L El
] M REAnNOnGAS F3 & £ 3 F : s
w CE L L LT LR TR [ -
= ERE @ ™ -
TNV N\
ll HAME JER-3-09&-P
EXPHO 14
FROCHO 1
Date_ 20180711
T 1.44
IHSTRITH Apesl
PRCAAD 5 @A PRIBO EE
' =apy3
&
1.
0. 03000000 sec
1
- m—— CEHAHHEL 1 =
SFI T5,87525!
WC
Pl
51
SF 15,46
WoM
838
La
A
e
3 T T 1 3 T T i T k T T = T '
200 180 160 140 120 100 80 €0 40 20 Ppm
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JSH-3-104-F 1 1 20160712

L - R Nl - Rl R N e - e - e R - Rl R e N R - - Nl W]
D ng 8GN Y 2 W0 A N [N A £ NN W A O N R A ) A ) D e P DR R N D
CAAMAMNNNNNCCS TSI IHANNANENANOBANAAEANNCAACSo0WEaNn MFHANNN A A O0OO a0
MEERERRERERERSEE S0 WS DG DN DN NN F R F R R R 00D 0 0 O S8 08 O 00 00 O 08 000 e el
W NN e
1
1
Data_ 20160711
| Tima 23.42
THATRIUM spect
EROBHD 5 nm BABAD BR-
FULPROG zg3d
O D 65538
= SOLVENT coC13
HE iz
D3 2
BnO o N NH SWH 6188.119% Hz
FIDRES 0.094423 Hz
RQ . 33537 s@
= ¢} :
14
300.1314684
1H
11.00 us
BI L]
EF 300.1300060 HH
.' W EH
| S5B a
L d.30 Hz
GE a
PC 1.00
il
J
L L e B e I R B B e e SRR B e ]
10 7 ] 5 4 3 F4 PPm
L) 11 ] | J L |
|2 o [ e‘ = = = |ncv ==|\-nm
Cil- o | t=] k=] = =10=] =]
5 ol b I I I I I - illiben
JEH=3=104=P 13 1 20160712
= 2 aAmeasd 2 E L ] w ]
[=] 3 .-.-3;133 - vSﬂGQSO - -
] ] R ' O M0 CH 0D WD N e (=1 ]
- =] ! ~ - -
w LR - W r- o
- - e - RERERRE o -
I A N I
EXFPHD 13
FRCCHD 1
Date_ 20180711
T i 23.4%
IHSTRIM spesl
PROEAD 5 ma PABAD EE
BULPEOG g 3
™
SOLVEHT
b
s
EWH
FIODREE
AQ
RiG
o
E
TE
ol 1
o1l . 0300000 sec
pynti] 1

mmmmm——— CHAHHEL [l =ssm——
SFO1 T5, 4752553 MNH:

T T T T T T
200 180 160 140 120 100 a0 &0 40 20 L] ppm
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DGK-9-070-F (5,5) 2 1 yhr 20160609
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HEOM MOl o N WS 000 Mo -0 o0

e S R

NLLL_\_L_\_

2 HS3SRASERIL 1888 &9
% ERRROSNNARG § 08 sd ¥y
| Vi I
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200 180 160 140 120 100 80 60 40 20 0 ppm

S81

Current Data Param

NAME DGE-9-070-p
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters

Date_ 20160611
Time
INSTRUM spect

PROBHD 5 mm PAEBO BB-
PULPROG zg30

D
SOLVENT
NS
Ds 2
SWH 6188.119 H=z
FIDRES 0.094423 Hz
AQ 5.2953086 sec
RG 80.6
oW 80.800 usec
DE 9.00 usec
TE 296.4 K
o1 2.00000000 szec
TD0 1

= CHANNEL f1

NI 1H

Pl 11.00 usec
PL1 -2.00 dB
PLIW 2.75835800 W
SFO1 300.1318534 MHz
F2 - Processing parameters
5T 327638

SF 300.1300068 MHz
WOW EM
S58B o

LB 0.30 Hz
GB o

PC 1.00

Current Data Parameters

NAME DGE-9-094-F
EXPNO 13
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170125
Time 5.22
INSTRUM spact
PROBHD 5 mm PABRO BE-
PULPROG zgpg30
™ 65536
SOLVENT cpell3
NS 286
Ds 2
SWH 18028. 846 Hz
FIDRES 0.275098 Hz
aQ 1.8175317 sec
RG 12.7
DW 27.733 usec
DE 6.50 usec
TE 292.8 K
D1 1.50000000 sec
D11 0.03000000 sec
DO 1
CHANNEL f1 =
75.4752953
13iC

10.20
18.97400093 W
CHANNEL £2 =
300.1312005 MHz
NUCZ 1H
CPDPRG[2
PCPD2
PLWZ
PLW12 0.
PLW13 0.1

F2 - Processing parameters
E 32768
=F 75. 4677369 MHz
WDW EM
LE 1.00 Hz

PC 1.40



DGK-9-101-P 1 1 20160704 Current Data Parameters

NAME DGE-9-101-P
EXPNO 1
PROCNO 1
o oy O - [ T Uy - N-MOoOW Mo O L L T g R T e B IR To B e T N Y e ]
[~ o7 o o ey o 1 . R ET R > W WIO W NS S - OO F2 - Acguisition Parameters
Il 3 Y0 o e o S ISP S R - P2 Date_ 20160705
Ll Ll | Time 4.34
&*ﬁﬁw V W/N%/ V INSTRUM spect
PROBHD 5 mm PARBO BB-
PULPROG zg30
™ 65536
SOLVENT 3
Hs 2
Ds 2
SHE £188.119 Hz
FIDRES 0.094423 Hz
a0 5.2953086 sec
G 128
W 20.800 usec
DE 6.50 usec
TE 295.4 K
™ 2.00000000 sac
DO 1

CHANNEL £
300.1314684
1H

MH.

usec

11.00
8.75839996 W

F2 - Processing parameters
51 32768

SE 300.1300060 MHz
WOW EM
55B 0

LB 0.30 Hz
cB 0

PC 1.00

10 9 8

DGK-9-101-P 13 1

Current Data Parameters

NAME DGEK-9-101-P
EXPNO 13
- PROCNO 1
(=] M- Mmoo @
B =3 — _ L.
= - . F2 - Rcquisition Parameters
“ THn e . Date_ 20160705
| Time 4.4
\ I.' v INSTRUM ~ spect
PROBHD 5 mm PAEBO BB-
PULFROG zgpg30
™D 65536
SOLVENT cDcl3
NS 194
DS 2
SWH 18028. 846 Hz
FIDRES 0.275098 Hz
aQ 1.8175317 sec
RG 18
DW 27.733 usec
DE 6.50 usec
TE 295.7 &
D1 1.50000000 sec
D11 0.03000000 =ec
TDOD 1
CHANNEL f1 =
75.4752953 MHz
13C

10.20
18.97400093 W

CHANNEL f2
300.1312005 MH=z

NUC2
CPDPRG([2
PCPDZ
PLWZ 8.
PLW12 0.
0

PLW13 .10598000 W
F2 - Processing parameters
51 32768

5 T5.4677369 MHz
WOW EM
=SB 0

LE 1.00 Hz

PC 1.40

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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K5Y-4-059 1 1 20160628 Current Data Paramete

NAME KSY-4-059
EXPNC 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160628
Time 17.16
INSTRUM spect
PROBHD 5 mm FAEEC BE-

PULPROG

6188.119 Hz
0.094423 Hz
5.2953086 sec
101

80.800 usec

lus)
= |
(@]
O
/\<Zj
§
z pd
=

6.50 usec
A N=/ 296.0 K
Vs 2.00000000 sec
1
171 CHANNEL £1 =
3001318534 MHz
1
11.00 usec
8.75839996 W
[ F? - Processing parameters
sI 32768
SF 300. 1300061 MHz
WDW EM
s5B 0
1B 0.30 Bz
cB 0
PC 1.00
I S P
T T e T e e e e e
10 9 5 4 3 2 1 pm
[
[
KsYy-4-059-C 1 1 20160628 Current Data Parameters
NAME KSY-4-059-C
EXPHO 1
o™ o« PROCNO 1
e
S F2 - Acquisition Parameters
el Date_ 20160628
Time 17.25
| INSTRUM spe
| PROBHD 5 mm PABEO BE-
PULPROG zgpg3l
D B5536
SOLVENT cncl3
NS 171
Ds 2
=WH 10028846 Bz
FIDRES 0.275098 Bz
ag 1.8175317 sec
RC 16
oW 27.733 o
DE 6.50 uaec
TE 297.0 K
D1 1.50000000 sec
D11 0.03000000 sec
DO 1
CHANNEL f1

75.4752953

18.97400093 W

CHANNEL f2

SF02 300.1312005 MH=z
NUCZ 1H
CPODPRG[2 waltz1l6
PCPD2Z 90.00 usec
PLW2 B.758393%6 W
PLW12 0.13083000 W
PLW13 0.10598000 W

F2 - Processing parameters
51 327

3
75.4677424 MHz
EM

1.00 Hz

1.40

T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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KSY-4-069-H 1 1 yhr 20170112
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10 9 8

KSY-4-069C 1 1 yhr 20170120

prm

Current Data Parameters

NAME KSY-4-069-H
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170125
Time 22.25
INSTRUM spect

PROBHD 5 mm PAEBRO BB/
PULPROG

D
SOLVENT
NS
Ds 2
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AD 3.2767999 sec
RG 143.9
oW 50.000 usec
DE 6.50 usec
TE 299.1 K
D1 Z2.00000000 sec
TDO 1
CHANNEL
500.3030896 MHz
1H

11.20 usec

21.00000000 W

F2 - Processing parameters
51 65536

SF 500.3000138 MHz
WDW EM
58B 0

LB 0.30 Hz
GB 0

PC 1.00

Current Data Parameters

NAME KSY-4-069C
EXPNO 1
PROCNO 1

F2 - Requisition meters
Date_ 20170124
Time 15.36
INSTRUM spact
PROEHD 5 mm PABBO BE-
PULPROG zgpg30

D 65536
SOLVENT cocl3

us 226

DS 2
SWH 18028.846 Hz
FIDRES 0.275098 Hz
AQ 1.8175317 sec
RG 12.7

oW 27.733 e
DE 6.50 usec
TE 293.1 K
D1 1.50000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1 =
75.4752953 MHz
13C
10.20 usec
18.97400093 W

CHANNEL £2

300.1312
CPDPRG|[2 waltzl6
PCPD2 90.00 usec
PLW2 B.758398%6 W
PLW12 0 3 w
PLW13 0 ) W
F2 - Processing parameters

32768
T5.4677410 MHz
EM

1.00 Hz

1.40

200 180 160

140

120

100

80

S84

0 ppm



