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General Information

'H and '3C NMR spectra were recorded on Bruker 400 and 600 M spectrometers
and JEOL 400M spectrometers using CDCls. Chemical shift values for 'H and '*C are
referenced to residual solvent peaks (CDCls: 7.26 ppm for 'H NMR, 77.0 ppm for 1*C
NMR; Chemical shifts are reported in & ppm. All coupling constants (J values) were
reported in Hertz (Hz). Data for 'H NMR spectra are reported as follows: chemical
shift (ppm, referenced to TMS; s = singlet, d = doublet, t = triplet, q = quartet, dd =
doublet of doublets, dt = doublet of triplets, m = multiplet), coupling constant (Hz)
and integration. Column chromatography was performed on silica gel 200-300 mesh.
High resolution mass spectrometry (HRMS) was performed on a Waters Premier

GC-TOF MS instrument with electron impact (EI) ionization mode.

Experimental Section

All reactions were carried out under a nitrogen atmosphere. Unless otherwise
specified, materials are obtained from commercial suppliers or prepared according to
standard annotation procedures. HBr (33% in AcOH) was purchased from Shanghai
Honghu Biopharmaceutical Technology Co., Ltd., Ni (COD), was purchased from
Suzhou Xinjiayuan Chemical Technology Co., Ltd., 2,2 "1 6', 2 " - Tripyridine was
purchased from Shanghai Honghu Biopharmaceutical Technology Co., Ltd.,
EDCI'HCI is the abbreviation of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride, purchased from Shanghai Honghu Biopharmaceutical Technology Co.,
Ltd., and HOBt is the abbreviation of 1-hydroxybenzotriazole, purchased from
Shanghai Honghu Biopharmaceutical Technology Co., Ltd.

Dulbecco’s modified eagle medium (DMEM), fetal bovine serum (FBS),
Penicillin-Streptomycin (P/S) and 0.25% (1x) Trypsin were obtained from Gibco. 10x
phosphate buffer solution (PBS) were purchased from Sangon Biotech Co. Ltd
(Shanghai, China). The absorbance in the MTT assay was measured on a microplate

reader (SpectraMax M5).



Optimization of reaction conditions

General procedure for the initial optimization reactions:

— NH
=, NH Cul (0.3 eq.) =~ N =,
K,CO3 (6 €q.) N
+ + COOMe
BocHN “.VCOOME dtbbpy (20 mol%) . BocHN H\"/COOMQ BocHN \n/
B DCE:CH3CN=1:1
¢} 3 0o o
“oH 100 °C, 12 h
Q Zn (2 eq.)
10—\~
RO m‘ (2eq) NH4Br (4 eq.) BocHN o BocHN N
Br Ni(COD), (10 mol%) _ R*o—Eo o ~ NH + R0\ 0, X
2,2":6',2"-terpyridine (20 mol%) NH NH
CH3CN, rt, 12 h
COOMe COOMe

In a dry 8 mL screw cap vial, peptide (0.1 mmol, 1.0 eq.), o-iodobenzoate (0.15
mmol, 1.5 eq.), Cul (5.7 mg, 0.03 mmol, 30 mol%), dtbbpy (5.2 mg, 0.02 mmol, 20
mol%), K>CO3 (82.8 mg, 0.6 mmol, 6.0 eq.), then 1 mL of anhydrous DCE/MeCN
(1:1) was added. The reaction was kept in nitrogen at 100 °C (oil bath) for about 10
hours. After the completion of the reaction was monitored by TLC, the reaction was
quenched with brine, extracted with EtOAc, and the organic solvent was filtered
through a short, stiff Na>SO4 column pad. After rotary drying, the crude product was
rapidly purified using a silica gel column to obtain the modified peptide.

Then, the modified peptide (0.1 mmol, 1.0 eq.) was added to an 8 mL
screw-capped vial, and brominated sugar (0.2 mmol, 2.0 eq.), Zn (13 mg, 0.2 mmol,
2.0 eq.), NH4Br (20 mg, 0.4 mmol, 4.0 eq.), Ni(COD); (2.8 mg, 0.01 mmol, 10 mol%),
2,2":6'2"-terpyridine (4.7 mg, 0.02 mmol, 20 mol%) were added to it, and 1 mL of
anhydrous CH3CN was added.The reaction was carried out under nitrogen atmosphere
for 12 h at room temperature. After the completion of the reaction was monitored by
TLC, the reaction was quenched with brine, after which the mixture was extracted
with dichloromethane (3%5 mL), dried with anhydrous Na,SOs, filtered, concentrated
by rotary evaporator, and then purified by flash column chromatography to give the

final product.



Optimization of reaction conditions for Dha derivative

Table S1. Screening of reaction temperatures

NH Cul (0.3 eq.) NH N
= + KaCOs (4.0 69 H " H
e s RS & L S
?a e 4 T.1zh 2a 2a'
Entry T 2a Yield® 2a' Yield®
1 40 °C N.P. N.P.
2 60 °C N.P. N.P.
3 80 °C 12% 25%
4 100 °C 19% 29%
¥The reaction was carried out on a scale of 0.1 mmol.
®This yield is the isolated yield.
Table S2. Screening of bases
NH Base NH N
\H N Cul (0.3 eq.) . H + H
BocHN NYCOZMe gtg;?é Fig:il:/oz BocHN I N\H/COZMG BocHN I N\"/COZMe
:Da oH \ 100°C, 12 h ” ”ur
Entry Base (x eq.) 2a Yield® 2a' Yield®
1 K>CO3 (4.0 eq.) 19% 29%
2 K>CO3 (5.0 eq.) 21% 34%
3 K>COs (6.0 eq.) 25% 38%
4 K>CO3 (7.0 eq.) 16% 22%
5 K2COs (8.0 eq.) 10% 17%
6 NayCOs3 (6.0 eq.) 18% 23%
7 NaHCO;s (6.0 eq.) 1% 17%
8 Cs2CO0;3 (6.0 eq.) 20% 28%
9 NazPO4 (6.0 eq.) trace trace
10 DMAP (6.0 eq.) trace trace
11 DBU (6.0 eq.) trace trace
12 DIPEA (6.0 eq.) trace trace

2The reaction was carried out on a scale of 0.1 mmol.
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"This yield is the isolated yield.

Table S3. Screening of catalysts

_NH Catalyst NH <N
N _coMe ' :tzti):; 2260:2;;) - N___coMe N__COMe
BocHN T Y\ 2 DCE-CHLON = 11 BocHN T \n/ BocHN I \n/
OH 100 °C, 12 h
1a 4 2a 2a'
Entry Catalyst (30 mol%) 2a Yield® 2a' Yield®
1 Cul 25% 38%
2 CuCl 13% 19%
3 CuBr 10% 17%
4 Cu0 9% 16%
5 CuCl trace trace
6 Cu(OAc), trace trace
7 Cu(OTf), trace trace
aThe reaction was carried out on a scale of 0.1 mmol.
"This yield is the isolated yield.
Table S4. Screening of ligands
__NH Cul (0.3 eq.) __NH _N—
N__coMe ' E;Ca:; i: r‘::“z/o) - N._Co,Me + N._co,me
BocHN T Y\ oCECHiON - 11 BocHN T \n/ BocHN T \"/
OH 100°C, 12 h
1a 4 2a 2a'
Entry Ligand (20 mol%) 2a Yield® 2a' Yield®
1 dtbbpy 25% 38%
2 2,2'-Bipyridine 25% 16%
3 4,4'-Dimethyl-2,2'-bipyridyl 28% 14%
4 4,4'-Dibromo-2,2'-bipyridine 14% 34%
5 1,10-Phen 8% trace
6 Bathophenanthroline 24% 30%
7 4,7-Dichloro-1,10-phenanthroline 22% 23%
8 4,7-Dimethyl-1,10-phenanthroline 23% 23%

2The reaction was carried out on a scale of 0.1 mmol.
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"This yield is the isolated yield.

Table S5. Screening of solvents

2a’'

__MH Cul (0.3 eq.) _NH <
~ . K,CO3(6.0eq) N + N
BocHN N._CO;Me dtbbpy (20 m0I%)  BocHN N\H/COzMe BocHN N\H/COz'V'e
z Solvent o o
O on 100 °C, 12 h
1a 4 2a 2a'
Entry Solvent 2a Yield® 2a' Yield®
DCE 12% 17%
CH;CN 10% 12%
THF 18% 20%
1,4-Dioxane 23% 24%
DMAc 13% 11%
DMF 12% 9%
DMSO trace trace
Toluene 15% 12%
DCE:CH;CN (1:1) 25% 38%
¥The reaction was carried out on a scale of 0.1 mmol.
®This yield is the isolated yield.
Optimization of reaction conditions for the coupling
Table S6. Screening of catalysts
NH AcO XM b
H o AcO % <M
N -CO:Me AcO— N\ AcO
BocHN NH
o] \n/ 2a 5 Br
. CO,Me 3a
* Zn (2.0 eq.) .
NH4Br (2.0 eq.)
Catalyst (10 mol%) OAcC
— dtbbpy (20 mol%) AcO BocHN
\H CH3CN, rt, 12 h ACO o N—
AcO
BocHN N\n/COZMe NH '
0 CO,Me 3a



Entry Catalyst (10 mol%) 3a Yield® 3a' Yield®
1 Ni(COD), 47%, d.r.=1:1.4 58%, d.r.=1:1.5
2 NiBr,-DME 40%, d.r.=1:1.4 53%, dr.=1:1.3
3 NiCl,-DME 38%, d.r.=1:1.2 49%, d.r.=1:1.3
4 Ni(OAc), 26%, d.r.=1:1.0 34%, d.r.=1:1.2
5 Ni(Py)«Cl, 22%, dr. = 1:1.0 33%, dr. = 1:1.0
6 Ni(acac), 30%, d.r.=1:1.1 39%, d.r.=1:1.1
7 Ni(dppp)Cl 20%, dr. = 1:1.2 31%, dr. = 1:1.2
8 Ni(PPh;3),Cl, 31%,dr.=1:1.2 39%, d.r.=1:1.0

4The reaction was carried out on a scale of 0.1 mmol.

®This yield is the isolated yield.

Table S7. Screening of additives

<" a0 M
N._cOsMe 0 AcO © a
BocHN 2 AcO—\\;ﬁ- AcO NH
(o] \[r 2a 5 Br
= CO,Me 3a
+ Zn (2.0 eq.) +
Additive
Ni(COD), (10 mol%) aco OAC
N— dtbbpy (20 mol%) ¢ BocHN
=~ CH3CN, tt, 12 h ACO o <N
H AcO
BocHN N\”/COZMG NH 32
o 9a CO,Me a
Entry Additive 3a Yield® 3a' Yield®
1 NH4Br (2.0 eq.) 47%,dr.=1:14 58%, d.r.=1:1.5
2 NH4Br (3.0 eq.) 52%,d.r.=1:1.4 60%, d.r.=1:1.3
3 NH4Br (4.0 eq.) 58%, d.r.=1:1.7 66%, d.r.=1:2.0
4 H>0 (4.0 eq.) 21%, d.r.=1:1.1 35%, d.r.=1:1.0
5 HFIP (4.0 eq.) 34%, d.r.=1:1.0 45%, d.r. = 1:2.0
6 t-BuOH (4.0 eq.) 27%, d.r.=1:1.1 37%, d.r.=1:1.0
7 CH;0H (4.0 eq.) 28%, d.r.= 1:1.1 41%, d.r.=1:1.5

2The reaction was carried out on a scale of 0.1 mmol.

"This yield is the isolated yield.



Table S8. Screening of ligands

OAc
N AcQ o BocN "
O S
BocHN HTCOZMG AcO—E&‘ s "
0 2a 5 B
_ CO,Me 3a
+ Zn (2.0 eq.) +
NH4Br (4.0 eq.)
Ni(COD), (10 mol%) OAG
N— Ligand (20 mol%) AcO BocHN
\H CH4CN, 1t, 12 h O o o < N—
AcO
BocHN N\H/COZMe NH '
o - CO,Me 3a
Entry Ligand (20 mol%) 3a Yield® 3a' Yield®
1 2-Chloropyridine 31%,d.r.=1:1.3 40%, d.r.=1:1.2
2 dtbbpy 58%, d.r. = 1:1.7 66%, d.r. = 1:2.0
3 2,2"6',2"-Terpyridine 67%, d.r.=1:1.5 74%,d.r.=1:1.4
4 1,10-Phen 27%,dr.=1:14 34%, d.r.=1:1.5
5 Dppp 16%, d.r.= 1:1.4 21%, d.r.=1:1.7
¥The reaction was carried out on a scale of 0.1 mmol.
®This yield is the isolated yield.
Table S9. Screening of reducants
__NH Aco OAC BocHN
H o AcO A o <M
N CO,Me AcO—‘- 15 AcO
BocHN NH
o \n/ 2a 5 @
CO,Me 3a
+ Reducant +
NH,Br (4.0 eq.)
Ni(COD), (10 mol%) OAc
N— 2,26',2"Terpyridine (20 mol%) AcQ BocHN
\H CH4CN, 1t, 12 h Ao X=X o N—
AcO
BocHN N\[rC02Me ¢ NH '
o CO,Me 3a

2a'



Entry

Reducant (2.0 equiv.)

3a Yield®

3a' Yield®®

1
2

Zn
Mn
Mg
In
Fe
Pinacolborane

(MeO);SiH

67%, d.r. = 1:1.5
38%, d.r.=1:1.2
15%, d.r.=1:1.2
60%, d.r. = 1:1.2
18%, d.r. = 1:1.0
29%, d.r. = 1:1.1

N.P.

74%, d.r.=1:1.4
49%, d.r.= 1:1.1
21%, d.r.= 1:1.1
68%, d.r.=1:1.3
23%, d.r.=1:1.0
37%, d.r.=1:1.2

N.P.

®This yield is the isolated yield.

4The reaction was carried out on a scale of 0.1 mmol.



General procedure for the synthesis of peptides

MeOOC._NH, . HCI

[ NH W NH N
R (1.0eq) iPr,NH (2.5 eq.), HOBt (1.2 eq.) NaOH (aq.)
OH N__coome ———> BocHN N ~COOH
BocHN EDCI (1.5 eq.), DCM, rt, 8 h BocHN Y MeOH Y
o 0 R 0 R
MeOOC._NH, . HCI g NHo A g NHO A
R (1.0eq) Pr,NH (2.5 eq.), HOBt (1.2 eq.) H /‘\ NaOH (aq.) H )\
> BocHN \‘)LN COOMe —————> BocHN \‘)LN COOH
EDCI (1.5 eq.), DCM, tt, 8 h O MeOH I

0
HO/\)LOMe < NH
NH,-HCI (1.0€d)  iPr,NH (2.5 eq.), HOBt (1.2 eq.) hn 9 R, 0
N\HL )\[rN
EDCI (15 eq.), DCM, it,8h 20N N fko""e
0 R ) on

The general synthesis of peptides can be found in the references.

1

The synthesis steps of peptides: Place Boc protected amino acids (3.04 g, 10
mmol) and amino acid methyl ester hydrochloride (10 mmol) in a round bottom flask
and dissolve in dry DCM (100 mL). Subsequently, 'Pro.NH (25 mmol) was added to
the reaction solution and stirred for 15 minutes. HOBt (12 mmol) was added to an ice
water bath and allowed to react for 30 minutes. Finally, EDCI (15 mmol) was added,
and the ice bath was removed and stirred at room temperature for 8 hours. Monitor the
reaction progress using TLC. After the reaction is complete, extract with DCM (3 x
20 mL), wash with saturated NaCl, combine the organic phases, dry with anhydrous
NaxSOs, spin dry to remove the solvent, and obtain the crude product.

The synthesis steps of peptide demethylation: Dissolve the synthesized dipeptide in
methanol (20 mL), then add NaOH aqueous solution (2M, 3.2 eq.) and react for 8
hours. After the reaction is complete, place it in a rotary evaporator to spin out most of
the solvent, then add 1M HCI aqueous solution to the reaction system to make the pH
of the solution acidic. Pour the solution into a separatory funnel, extract the organic
phase with EtOAc (3 x 20 mL), dry with anhydrous Na>SOs4, spin dry, and obtain the

crude product.
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Procedure for preparation of protected sugars

OH

OAc

OAc

Ho=\-0 AcO B5eq) O‘&/o HBr (33% in AcOH) .&/o
= o= -
o E Pyridine, 16 h - E DCM, 16 h > §
OH 0°C - RT OAc 0°C - RT Br
OH OBz OBz
,&/ BzCl ‘i/ HBr (33% in AcOH
HOS=Q 201 @5eq) o o— Q > L 800
> 5 Pyridine, 16 h DCM, 16 h - ;g
OH 0°C —RT OBz 0°C — RT Br

The synthesis of protected sugars can be found in the references.> Dissolve
unprotected sugar (1.8 g, 10 mmol, 1.0 eq.) in pyridine (40 mL), cool to 0 °C, then
add acetic anhydride/benzoyl chloride (6.5 eq.) dropwise, heat the solution to room
temperature, and stir overnight. After the reaction is complete, add ice water (10 mL)
to the reaction solution, stir for 15 minutes, extract the organic phase with EtOAc (3 %
20 mL), wash with citric acid, saturated NaHCO3 solution, saturated NaCl solution,
dry with anhydrous Na;SOs, spin dry to obtain the crude product. Dissolve fully
protected sugar (10 mmol, 1.0 eq.) in DCM (40 mL), cool to 0 °C, add HBr (33% in
AcOH) dropwise, heat to room temperature, and stir overnight. After the reaction is
complete, add ice water (10 mL) to the reaction solution, stir for 15 minutes, extract

with DCM (3 x 20 mL), wash with saturated NaCl, combine the organic phases, dry

with anhydrous Na>SQOys, spin dry to obtain the crude product.

General procedure for glycopeptide modification

DCE:CH3CN=1:1
100°C, 12 h

=, NH Cul (0.3 eq.)
H KQCO3 (6eq.) COOM
+ + e
~-CooMe “dtbbpy (20 mol%) . BocHN COOMe BocHN

Q Zn (2 eq.)
10—\
R'O EQ' (2eq.) NH,4Br (4 eq.) BocHN o BocHN
Br Ni(COD), (10 mol%) oXx=2 o ~NH R10=) o N
2,2"6',2"-terpyridine (20 mol%) NH NH
CH3CN, rt, 12 h

COOMe

COOMe

In a dry 8 mL screw cap vial, peptide (0.1 mmol, 1.0 eq.), o-iodobenzoate (0.15
mmol, 1.5 eq.), Cul (5.7 mg, 0.03 mmol, 30 mol%), dtbbpy (5.2 mg, 0.02 mmol, 20

mol%), K>CO3 (82.8 mg, 0.6 mmol, 6.0 eq.), then 1 mL of anhydrous DCE/MeCN
11



(1:1) was added. The reaction was kept in nitrogen at 100 °C (oil bath) for about 10
hours. After the completion of the reaction was monitored by TLC, the reaction was
quenched with brine, extracted with EtOAc, and the organic solvent was filtered
through a short, stiff Na>SO4 column pad. After rotary drying, the crude product was
rapidly purified using a silica gel column to obtain the modified peptide.

Then, the modified peptide (0.1 mmol, 1.0 eq.) was added to an 8§ mL
screw-capped vial, and brominated sugar (0.2 mmol, 2.0 eq.), Zn (13 mg, 0.2 mmol,
2.0 eq.), NH4Br (20 mg, 0.4 mmol, 4.0 eq.), Ni(COD); (2.8 mg, 0.01 mmol, 10 mol%),
2,2":6',2"-terpyridine (4.7 mg, 0.02 mmol, 20 mol%) were added to it, and 1 mL of
anhydrous CH3CN was added.The reaction was carried out under nitrogen atmosphere
for 12 h at room temperature. After the completion of the reaction was monitored by
TLC, the reaction was quenched with brine, after which the mixture was extracted
with dichloromethane (3 x 5 mL), dried with anhydrous Na>SOs, filtered,
concentrated by rotary evaporator, and then purified by flash column chromatography

to give the final product.

Determination of the Configuration of Glycosyl Compounds

O
HCI (0] DMAP (0.2 eq.)

HO/\HI\O/ . )0]\ Et;N (2.0 eq.) Ho/\‘)l\o/ TsCl (2.0 eq.), DBU (5.0 eq.) HNkaO
cl 0°C, Ny, 3h HN._O MeCN, 4A MS, Ny, r.t., 8 h
NH, \]? /&o

Zn (2.0 eq.)
OAG NH4Br (4.0 eq.) OAc
0 Ni(COD), (10 mol%)
HN + AcO 0 2,26',2"-Terpyridine (20 mol%) AcO 0
/& [e) AcO > AcO 0
o AcO CH4CN, rt,, 12 h AcO
Br _
(6]
0.1 mmol 20e 10 490/NHAC
1.0 eq. D ea. ) °

To determine the stereochemistry of the C-glycosylation products, we synthesized
Ac-Ser-OMe following a literature procedure and subsequently converted it into the
corresponding dehydroalanine derivative.>* The Methyl 2-acetamidoacrylate (0.1
mmol, 1.0 eq.) was added to an 8 mL screw-capped vial, and

2,3,4,6-Tetra-O-acetyl-alpha-D-glucopyranosyl bromide (0.2 mmol, 2.0 eq.), Zn (13
12



mg, 0.2 mmol, 2.0 eq.), NH4Br (20 mg, 0.4 mmol, 4.0 eq.), Ni(COD); (2.8 mg, 0.01
mmol, 10 mol%), 2,2":6',2"-terpyridine (4.7 mg, 0.02 mmol, 20 mol%) were added to
it, and 1 mL of anhydrous CH3CN was added.The reaction was carried out under
nitrogen atmosphere for 12 h at room temperature. After the completion of the
reaction was monitored by TLC, the reaction was quenched with brine, after which
the mixture was extracted with dichloromethane (3 x 5 mL), dried with anhydrous
NaxSQs, filtered, concentrated by rotary evaporator. The filtrate collected was
concentrated under reduced pressure and purified by silica gel column
chromatography using petroleum ether/ethyl acetate to abtain 10 (49%) as Colorless
oil. Based on the COSY spectrum of 10, the protons on the sugar ring were assigned
unambiguously. The proton at the anomeric position (C1-H) is adjacent to Ha and Hb,
as evidenced by the observed cross-peaks between C1-H and Ha/Hb, allowing its
identification as the anomeric proton. The proton at C2 (C2-H) shows a correlation
with C1-H, and the proton at C3 (C3-H) is similarly assigned based on the sequential
correlations. Furthermore, the NOESY correlation between H3 and Ha for compound
10 indicates that H3 and Ha are spatially close, meaning these protons lie on the same
face of the sugar ring. Collectively, the two-dimensional NMR analysis of 10 supports

the assignment of the « -configuration for this compound.

U | [ gl P A

S
L1
o= |

S >
B
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Mechanistic study

OAc
OAc
NH AN BocHN
= AcO AcO (0} 0 . NH
H Br ACOA 5
> c

BocHN N\n/COOMe standard condition NH

(¢}

2a

TEMPO (4.0 eq.)
no reaction COMe
3b

The 2a (0.1 mmol, 1.0 eq.) was added to an 8 mL screw-capped vial, and
2,3,4,6-Tetra-O-acetyl-alpha-D-glucopyranosyl bromide (0.2 mmol, 2.0 eq.), Zn (13
mg, 0.2 mmol, 2.0 eq.), NH4Br (20 mg, 0.4 mmol, 4.0 eq.), Ni(COD) (2.8 mg, 0.01
mmol, 10 mol%), 2,2":6',2"-terpyridine (4.7 mg, 0.02 mmol, 20 mol%) and TEMPO
(0.4 mmol, 4.0 eq.) were added to it, and 1 mL of anhydrous CH3CN was added.The
reaction was carried out under nitrogen atmosphere for 12 h at room temperature.
After the completion of the reaction was monitored by TLC, the reaction was
quenched with brine, after which the mixture was extracted with dichloromethane (3 x
5 mL), dried with anhydrous Na>SOs, filtered, concentrated by rotary evaporator. The
filtrate collected was concentrated under reduced pressure and purified by silica gel

column chromatography using petroleum ether/ethyl acetate. It indicated that no

14



product was obtain and most of starting material was remaining, with 2a being

recovered in 78.59% yield.

OAc OAc
Acoﬁ' PhSeSePh (2.0 eq.) ACO‘&l
ACOACO Standard conditions ACOACO
Br SePh
8, 56%

The 2,3,4,6-Tetra-O-acetyl-alpha-D-glucopyranosyl bromide (0.2 mmol, 1.0 eq.)
was added to an 8 mL screw-capped vial, and diphenyl diselenide (PhSeSePh) (0.4
mmol, 2.0 eq.), Zn (13 mg, 0.2 mmol, 2.0 eq.), NH4Br (20 mg, 0.4 mmol, 4.0 eq.),
Ni(COD): (2.8 mg, 0.01 mmol, 10 mol%), 2,2":6',2"-terpyridine (4.7 mg, 0.02 mmol,
20 mol%) were added to it, and 1 mL of anhydrous CH3CN was added.The reaction
was carried out under nitrogen atmosphere for 12 h at room temperature. After the
completion of the reaction was monitored by TLC, the reaction was quenched with
brine, after which the mixture was extracted with dichloromethane (3 x 5 mL), dried
with anhydrous Na>SOg, filtered, concentrated by rotary evaporator. The filtrate
collected was concentrated under reduced pressure and purified by silica gel column

chromatography using petroleum ether/ethyl acetate (3:1) to abtain 8 (56%) as white

solid.
OBz
BzO
OBz  MeO,C._CO,Me 820
. 5 &/ (2.0 eq.)
Bz Z
293 - COzMe
BzO Br Standard conditions 9 13%

CO,Me

The 2,3,4,6-Tetra-O-benzoyl-a-D-glucopyranosyl bromide (0.2 mmol, 1.0 eq.)
was added to an 8 mL screw-capped vial, and 2-Vinylcyclopropane-1,1-dicarboxylic
acid dimethyl ester (0.4 mmol, 2.0 eq.), Zn (13 mg, 0.2 mmol, 2.0 eq.), NH4Br (20 mg,
0.4 mmol, 4.0 eq.), Ni(COD)> (2.8 mg, 0.01 mmol, 10 mol%), 2,2":6',2"-terpyridine
(4.7 mg, 0.02 mmol, 20 mol%) were added to it, and 1 mL of anhydrous CH3CN
was added.The reaction was carried out under nitrogen atmosphere for 12 h at room
temperature. After the completion of the reaction was monitored by TLC, the reaction
was quenched with brine, after which the mixture was extracted with dichloromethane

15



(3 x 5 mL), dried with anhydrous Na>SOys, filtered, concentrated by rotary evaporator.
The filtrate collected was concentrated under reduced pressure and purified by silica
gel column chromatography using petroleum ether/ethyl acetate(3:1) to abtain 9

(13%).5

Cytotoxicity by MTT assay

The cytotoxicity of compounds 3a', 3b', 3e, 3k, 7h', 7k' on 3T3 cells was
evaluated by MTT assay.® In short, cells were seeded in a 96 well plate with a density
of 10000 cells per well. After 24 hours of incubation, replace the incubation medium
with compounds 3a', 3b', 3e, 3k, 7h', 7k' at different concentrations, and then incubate
the cells for another 24 hours. Add MTT (5 mg/mL, 10 pL) to each well, incubate for
4 hours, then remove the culture medium containing MTT and add DMSO (100 pL)
to each well to dissolve the generated formazan. After shaking the plate for 10

minutes, measure the absorbance at 490 nm using a microplate reader.
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Characterization Data

Raw Material Data Characterization:

NH
0]

NS
H
BocHN N"ﬁkOMe
o)

OH 1a

Purification by column chromatography resulted in a white solid product
(PE/EA/DCM = 1:2:1, R¢ = 0.3). 'H NMR (400 MHz, Chloroform-d) & 8.55 (s, 1H),
7.61(d, J = 7.8 Hz, 1H), 7.32 (d, J = 8.0 Hz, 1H), 7.17 (t, J = 7.6 Hz, 1H), 7.09 (t, J =
7.4 Hz, 1H), 7.06 (s, 1H), 6.97 — 6.79 (m, 1H), 5.34 (s, 1H), 4.55 — 4.36 (m, 2H), 3.78
(s, 2H), 3.64 (s, 3H), 3.35 — 3.09 (m, 2H), 2.21 (s, 1H), 1.40 (s, 9H). 13C NMR (100
MHz, Chloroform-d) 6 172.2, 170.5, 155.7, 136.2, 127.4, 123.4, 122.1, 119.5, 118.6,
111.3, 110.0, 80.4, 62.5, 55.3, 54.9, 52.6, 28.2, 27.9. HRMS-ESI(m/z): [M+Na]*
calcd. for C2oH27NsNaOs*, 428.1792, found, 428.1790.

N NH OH
Ve
BocHN NW)LN <
o H

O  SM-1
Purification by column chromatography resulted in a white solid product
(DCM/MeOH = 30:1, R¢ = 0.3). 'H NMR (400 MHz, Chloroform-d) & 8.68 (s, 1H),
7.62 (d, J = 7.8 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.32 (d, J = 8.2 Hz, 1H), 7.16 (t, J =
7.4 Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 7.03 (s, 1H), 6.93 (d, J = 7.2 Hz, 1H), 5.44 (d, J
= 6.4 Hz, 1H), 4.50 (m, 3H), 3.87 (d, J = 11.6 Hz, 1H), 3.71 (s, 3H), 3.56 (d, J = 11.2
Hz, 1H), 3.46 (s, 1H), 3.25 (m, 2H), 1.42 (s, 9H), 1.26 (d, J = 6.8 Hz, 3H). 13C NMR
(100 MHz, DMSO-de) 6 172.5, 171.6, 171.0, 155.3, 136.1, 127.4, 123.8, 120.8, 118.6,
118.2, 1113, 110.3, 78.1, 61.2, 55.1, 54.6, 52.0, 47.8, 28.2, 27.6, 18.5.

HRMS-ESI(m/z): [M+Na]* calcd. for C23Ha32NsNaO7*, 499.2163, found, 499.2159.
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Purification by column chromatography resulted in a white solid product
(DCM/MeOH = 30:1, R = 0.3). "TH NMR (400 MHz, Chloroform-d) & 8.73 (s, 1H),
7.55(d,J=17.8 Hz, 1H), 7.34 (d, J= 8.0 Hz, 2H), 7.17 (t, J= 7.6 Hz, 1H), 7.11 — 7.02
(m, 2H), 6.88 (q, J = 6.6, 6.0 Hz, 1H), 5.36 (d, J = 6.4 Hz, 1H), 4.62 — 4.50 (m, 1H),
4.33 (d,J=6.8 Hz, 1H), 3.99 — 3.86 (m, 2H), 3.82 (dd, /= 11.4, 3.2 Hz, 1H), 3.71 (d,
J = 2.4 Hz, 3H), 3.46 (s, 2H), 3.20 (d, J = 6.6 Hz, 2H), 1.39 (s, 9H). 3C NMR (100
MHz, Chloroform-d) 6 173.0, 171.0, 169.4, 155.9, 136.1, 127.3, 123.6, 121.9, 119.3,
118.4, 111.4, 109.5, 80.4, 62.2, 55.5, 54.7, 52.6, 42.8, 28.2, 27.8. HRMS-ESI(m/z):
[M+Na]" calcd. for C220H30N4NaO7", 485.2007, found, 485.2001.

SN NHO OH
H
BocHN N, H/(V(O\
0 . o}
SM-3

Purification by column chromatography resulted in a white solid product
(DCM/MeOH = 30:1, Rf = 0.5). "TH NMR (400 MHz, Chloroform-d) & 8.41 (s, 1H),
7.66 (d, J=8.2 Hz, 1H), 7.35 (d, /= 8.2 Hz, 1H), 7.19 (d, /= 7.8 Hz, 1H), 7.14 (d, J
=7.6 Hz, 2H), 7.06 (s, 1H), 6.54 (d, J= 8.2 Hz, 1H), 5.29 (d, J= 7.0 Hz, 1H), 4.48 (m,
2H), 4.34 (t, J = 7.6 Hz, 1H), 3.88 (s, 1H), 3.75 (s, 3H), 3.64 (s, 1H), 3.57 (s, 1H),
3.26 (m, 2H), 1.80 (s, 1H), 1.73 (s, 1H), 1.44 (s, 9H), 0.99 (m, 1H), 0.84 (t, /= 7.2 Hz,
6H). 3C NMR (100 MHz, DMSO-ds) & 171.6, 171.2, 170.9, 155.2, 136.0, 127.4,
123.6, 120.8, 118.5, 118.2, 111.3, 110.3, 78.1, 61.2, 56.2, 55.4, 54.7, 51.8, 37.4, 28.1,
27.7, 27.4, 24.0, 15.1, 11.1. HRMS-ESI(m/z): [M+Na]" calcd. for C26H3sN4sNaO7",
541.2633, found, 541.2637.
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SN NHO OH
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Purification by column chromatography resulted in a white solid product (EA, R¢ =
0.3). "H NMR (400 MHz, DMSO-ds) 6 10.81 (d, J = 3.0 Hz, 1H), 8.42 (d, /= 7.2 Hz,
1H), 7.72 (d, J=9.0 Hz, 1H), 7.58 (d, /= 7.8 Hz, 1H), 7.32 (d, J= 7.8 Hz, 1H), 7.11
(d, J=2.2 Hz, 1H), 7.05 (t, /= 7.4 Hz, 1H), 6.98 (d, J = 8.0 Hz, 2H), 5.08 (t, /= 5.8
Hz, 1H), 4.40 — 4.32 (m, 2H), 4.22 (m, 1H), 3.72 (q, J = 5.6 Hz, 1H), 3.67 — 3.63 (m,
1H), 3.62 (s, 3H), 3.08 (m, 1H), 2.90 (m, 1H), 2.04 — 1.94 (m, 1H), 1.29 (s, 9H), 0.88
(m, 6H). ¥C NMR (100 MHz, DMSO-ds) & 171.8, 171.2, 170.9, 155.3, 136.1, 127.4,
123.6, 120.8, 118.5, 118.2, 111.3, 110.4, 78.2, 61.2, 56.9, 55.5, 54.8, 51.8, 31.4, 28.1,
27.8, 27.5, 19.1, 17.9. HRMS-ESI(m/z): [M+Na]" calcd. for CisH3sN4NaO7",
527.2476, found, 527.2465.

N OH
BocHN N ~
o) Ho o

SM-5

Purification by column chromatography resulted in a white solid product (EA, Rf =
0.4). "TH NMR (400 MHz, Chloroform-d) & 8.50 (s, 1H), 7.63 (d, J = 7.8 Hz, 1H),
7.36 (d, J=8.0 Hz, 1H), 7.17 (q, J = 11.6, 8.8 Hz, 6H), 6.97 (s, 1H), 6.90 (s, 2H),
6.44 (d, J = 7.8 Hz, 1H), 5.18 (d, J = 6.2 Hz, 1H), 4.72 (d, J = 7.2 Hz, 1H), 4.56 —
4.46 (m, 1H), 4.37 (d, J= 6.0 Hz, 1H), 4.12 (q, J = 7.2 Hz, 1H), 3.86 (s, 1H), 3.71 (s,
3H), 3.68 (s, 1H), 3.17 (d, J = 6.2 Hz, 2H), 3.04 — 2.92 (m, 1H), 2.86 (d, J = 7.2 Hz,
1H), 1.35 (s, 9H). 13C NMR (100 MHz, Chloroform-d) & 171.9, 171.2, 170.7, 170.4,
155.7, 136.2, 136.0, 129.3, 128.5, 127.3, 126.9, 123.4, 122.3, 119.7, 118.7, 111.4,
109.7, 80.7, 62.5, 60.4, 55.4, 54.8, 53.6, 52.6, 37.1, 28.2, 27.8. HRMS-ESI(m/z):
[M+Na]" calcd. for C2o0H3sN4NaO- ", 575.2476, found, 575.2465.
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Purification by column chromatography resulted in a white solid product

(DCM/MeOH = 30:1, Rf = 0.3). *H NMR (400 MHz, Chloroform-d) § 8.81 (s, 1H),
7.63 — 7.47 (m, 2H), 7.36 — 7.18 (m, 2H), 7.10 (m, 2H), 7.00 (s, 1H), 5.46 (d, J = 6.8
Hz, 1H), 4.76 — 4.60 (m, 1H), 4.55 — 4.40 (m, 2H), 3.86 (d, J = 11.0 Hz, 1H), 3.68 (s,
3H), 3.57 (d, J = 11.4 Hz, 1H), 3.42 (s, 1H), 3.23 (d, J = 5.8 Hz, 2H), 2.34 (s, 2H),
1.96 (s, 5H), 1.40 (s, 9H). 13C NMR (101 MHz, Chloroform-d) & 172.3, 170.9, 170.5,
155.7, 136.2, 127.4, 123.5, 122.0, 119.5, 118.5, 111.3, 109.5, 80.6, 62.1, 55.5, 54.7,
52.5, 52.2, 50.5, 31.1, 29.3, 28.2, 27.9, 15.0. HRMS-ESI(m/z): [M+Na]* calcd. for
CosH3sNsNaO-S*, 559.2197, found, 559.2187.

HN
= o O/
o T
BocHN HN—"+,__OH
NGk

<—7‘ | \\O SM-7

Purification by column chromatography resulted in a white solid product (EA, Rf =
0.2). *H NMR (400 MHz, Chloroform-d) & 8.98 (d, J = 10.4 Hz, 1H), 7.63 (t, J = 9.4
Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.33 (t, J = 8.8 Hz, 1H), 7.12 (p, J = 7.8 Hz, 3H),
5.59 (d, J = 8.2 Hz, 1H), 4.76 (d, J = 7.2 Hz, 1H), 4.69 — 4.58 (m, 1H), 4.43 (m, J =
20.6, 6.2 Hz, 1H), 3.92 (m, 2H), 3.72 (d, J = 10.6 Hz, 3H), 3.54 (d, J = 8.2 Hz, 1H),
3.44 (s, 2H), 3.31 — 3.18 (m, 1H), 3.17 — 3.07 (m, 2H), 2.08 — 1.84 (m, 2H), 1.77 (s,
1H), 1.41 (s, 9H). 13C NMR (100 MHz, Chloroform-d) & 172.0, 171.4, 170.8, 155.9,
136.0, 127.6, 124.1, 122.3, 119.7, 118.4, 111.4, 109.8, 80.5, 62.2, 60.4, 55.5, 53.7,
525, 47.4, 30.4, 286, 282, 249. HRMS-ESI(m/z): [M+Na]* calcd. for
Ca2sH3aN4NaO-*, 525.2320, found, 525.2315.
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Purification by column chromatography resulted in a white solid product
(DCM/MeOH = 30:1, Rf = 0.4). *H NMR (400 MHz, Chloroform-d) § 8.83 (s, 1H),
7.68 (d, J = 7.8 Hz, 1H), 7.46 (d, J = 8.2 Hz, 1H), 7.38 (d, J = 8.0 Hz, 1H), 7.19 (d, J
= 7.8 Hz, 1H), 7.17 — 7.11 (m, 1H), 7.09 (d, J = 2.3 Hz, 1H), 6.44 (d, J = 8.2 Hz, 1H),
5.35 — 5.26 (m, 1H), 4.84 — 4.75 (m, 1H), 4.68 (m, 1H), 4.60 — 4.38 (m, 3H), 4.02 —
3.86 (m, 2H), 3.78 (d, J = 4.0 Hz, 3H), 3.49 (s, 2H), 3.28 — 3.12 (m, 2H), 3.00 — 2.90
(m, 1H), 2.13 — 2.02 (m, 1H), 1.90 — 1.80 (m, 1H), 1.65 — 1.58 (m, 1H), 1.43 (s, 9H),
1.30 (d, J = 7.2 Hz, 3H). 3C NMR (100 MHz, DMSO-ds) & 172.6, 171.3, 171.0,
170.9, 155.4, 136.1, 127.3, 124.2, 120.9, 118.4, 118.4, 111.4, 110.1, 78.0, 61.2, 59.4,
54.7, 53.1, 52.0, 47.9, 46.9, 29.0, 28.2, 27.8, 26.5, 24.6, 18.6. HRMS-ESI(m/z):
[M+Na]* calcd. for C2sH3sNsNaOs*, 596.2691, found, 596.2693.

BocHN \
NH
e) OH
”"]/N/' N O\
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(@] (0]
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SM-9
Purification by column chromatography resulted in a white solid product
(DCM/MeOH = 30:1, Rf = 0.3. 'H NMR (400 MHz, Chloroform-d) & 8.72 (s, 1H),
7.70 (d, J = 7.8 Hz, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.17 (m, 2H), 7.09 (s, 1H), 6.33 (d,
J = 8.6 Hz, 1H), 5.33 (d, J = 7.8 Hz, 1H), 4.82 (d, J = 6.8 Hz, 1H), 4.69 (m, J = 7.8,
3.6 Hz, 1H), 4.47 (dd, J = 8.6, 4.8 Hz, 1H), 4.32 (t, J = 8.2 Hz, 1H), 4.16 (d, J = 7.2
Hz, 1H), 3.97 (t, J = 4.6 Hz, 2H), 3.79 (s, 3H), 3.49 (t, J = 8.8 Hz, 1H), 3.17 (m, 2H),
2.89 (q, J = 7.2 Hz, 1H), 2.11 — 1.84 (m, 3H), 1.65 (g, J = 7.4, 6.4 Hz, 2H), 1.43 (s,

9H), 1.35 (s, 2H), 1.25 (s, 1H), 0.97 (d, J = 6.8 Hz, 3H), 0.83 (t, J = 7.2 Hz, 3H). 13C
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NMR (100 MHz, Chloroform-d) & 173.0, 172.0, 171.2, 170.6, 155.3, 136.1, 127.2,
123.8, 122.2, 119.7, 118.5, 111.4, 109.5, 80.0, 62.5, 61.1, 57.7, 54.9, 52.8, 52.6, 47.6,
35.4, 29.7, 28.9, 28.3, 24.9, 24.6, 15.7, 10.9. HRMS-ESI(m/z): [M+Na]" calcd. for
Cs1HsNsNaOg*, 638.3160, found, 638.3161.

BocHN
SM-10

,,,/O

Purification by column chromatography resulted in a white solid product
(DCM/MeOH = 40:1, Rf = 0.3). 'H NMR (400 MHz, Chloroform-d) & 8.89 (s, 1H),
7.74 (d, J="7.8 Hz, 1H), 7.44 (d, J= 8.2 Hz, 1H), 7.39 (d, /= 8.2 Hz, 1H), 7.24 (d, J
=8.0 Hz, 1H), 7.19 (t, J=7.2 Hz, 1H), 7.16 — 7.06 (m, 4H), 6.80 — 6.75 (m, 1H), 5.68
(d, /=8.8 Hz, 1H), 5.29 (d, /= 8.2 Hz, 1H), 4.95 — 4.84 (m, 1H), 4.76 — 4.62 (m, 2H),
4.54 (s, 1H), 4.27 (dd, J = 8.8, 4.2 Hz, 1H), 4.05 — 3.88 (m, 2H), 3.76 (s, 3H), 3.55 (d,
J=28.8 Hz, 1H), 3.29 (m, 1H), 3.21 — 3.08 (m, 2H), 2.87 (m, 1H), 2.72 (m, 1H), 1.83
(m, 1H), 1.48 (s, 2H), 1.42 (s, 9H), 1.26 (s, 1H), 1.10 (t, J = 8.0 Hz, 1H). 3C NMR
(150 MHz, DMSO-ds) 6 171.4,171.1, 170.9, 170.2, 155.3, 137.7, 136.1, 129.3, 127.9,
127.2,126.2, 124.0, 120.8, 118.3, 111.4, 110.1, 78.0, 61.2, 59.7, 54.7, 54.6, 53.5, 51.9,
46.8, 37.2, 283, 28.1, 27.7, 24.3. HRMS-ESI(m/z): [M+Na]" calcd. for
C34H43NsNaOg", 672.3004, found, 672.3001.

NH

—

BocHN
oc “\LNH\)L Jin/

0 SM-11
Purification by column chromatography resulted in a white solid product
(DCM/MeOH = 30:1, R¢ = 0.3). *H NMR (400 MHz, Chloroform-d) § 9.32 —9.13 (m,

1H), 7.57 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 8.2 Hz, 1H), 7.47 (g, J = 3.8 Hz, 1H), 7.39
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(d, J = 8.0 Hz, 1H), 7.25 — 7.14 (m, 2H), 7.10 (t, J = 7.6 Hz, 1H), 5.45 (d, J = 4.8 Hz,
1H), 4.76 — 4.61 (m, 3H), 4.56 (d, J = 5.4 Hz, 1H), 4.32 (t, J = 7.0 Hz, 1H), 4.27 (t, J
= 7.6 Hz, 1H), 4.14 — 4.02 (m, 1H), 3.95 (m, 1H), 3.74 (d, J = 8.8 Hz, 3H), 3.47 (s,
1H), 3.24 (t, J = 7.4 Hz, 2H), 3.04 (g, J = 3.8 Hz, 1H), 2.12 (q, J = 8.4 Hz, 1H), 1.68
(t, J = 5.8 Hz, 2H), 1.51 (d, J = 7.0 Hz, 2H), 1.44 (s, 3H), 1.43 — 1.31 (m, 12H). °C
NMR (100 MHz, Chloroform-d) § 173.2, 172.8, 172.6, 172.5, 170.6, 156.0, 136.5,
126.9, 123.6, 122.3, 119.6, 118.5, 111.6, 109.0, 80.7, 62.8, 62.4, 55.2, 52.4, 50.4, 48.7,
47.6, 46.8, 28.4, 28.2, 27.1, 25.3, 17.2, 16.9. HRMS-ESI(m/z): [M+Na]* calcd. for
Ca1HasNsNaOy*, 667.3062, found, 667.3052.
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Product data characterization:

NH

—

H
N._COOMe

BocHN W
o}

Purification by column chromatography afforded product in 25% yield (9.7 mg) as a

2a

colorless sticky oil (PE/EA = 2:1, Rf = 0.3). 'H NMR (400 MHz, Chloroform-d) &
8.23 (s, 1H), 8.13(s, 1H), 7.61 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 7.19 (t, J
= 7.4 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 7.05 (s, 1H), 6.60 (s, 1H), 5.86 (s, 1H), 5.14 (s,
1H), 4.54 (s, 1H), 3.72 (s, 3H), 3.34 (s, 1H), 3.24 (dd, J = 14.2, 6.8 Hz, 1H), 1.42 (s,
9H). C NMR (150 MHz, Chloroform-d) 6 170.8, 163.9, 155.5, 136.3, 130.7, 127.4,
123.1, 122.3, 119.8, 118.8, 111.2, 110.3, 109.3, 80.4, 55.9, 52.8, 28.2, 28.0.
HRMS-ESI(m/z): [M+Na]"* calcd. for C2oH2sNsNaOs*, 410.1686, found, 410.1703.

N ==

—

H
N._CO,Me

BocHN \”/
o}

Purification by column chromatography afforded product in 38% yield (19.8 mg) as a

2a’

colorless sticky oil (PE/EA = 2:1, Ry = 0.5). '"H NMR (400 MHz, Chloroform-d) &
8.21 (s, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.64 (t, J = 8.0 Hz, 2H), 7.54 — 7.42 (m, 2H),
7.16 (q, J = 6.8 Hz, 2H), 7.12 — 7.04 (m, 2H), 6.59 (s, 1H), 5.87 (s, 1H), 5.21 (s, 1H),
4.58 (s, 1H), 3.72 (s, 3H), 3.47 (s, 3H), 3.41 (s, 1H), 3.29 (m, 1H), 1.43 (s, 9H). 13C
NMR (150 MHz, Chloroform-d) 6 170.7, 166.5, 164.0, 155.5, 138.5, 137.6, 132.9,
131.4, 130.7, 128.7, 128.6 127.9, 127.7, 122.7, 120.2, 119.1, 110.9, 109.9, 109.3, 80.4,
52.8, 52.3, 29.7, 28.3. HRMS-ESI(m/z): [M+Na]* calcd. for CzsH3ziNsNaO7",
544.2054, found, 544.2052.
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Purification by column chromatography afforded product in 74% yield (53.2 mg, d.r.
= 1:1.5) as a colorless sticky oil (PE/EA = 1:1, Rs = 0.3). Contains isomers. 'H NMR
(400 MHz, Chloroform-d) & 9.05 (s, 2/5H), 8.67 (s, 3/5H), 7.76 (d, J = 8.0 Hz, 3/5H),
7.63 (d, J = 7.8 Hz, 3/5H), 7.41 (d, J = 8.0 Hz, 2/5H), 7.37 (d, J = 8.2 Hz, 3/5H), 7.21
(d, J = 6.8 Hz, 2/5H), 7.17 (d, J = 7.0 Hz, 3/5H), 7.12 (dd, J = 7.6, 4.2 Hz, 2/552H),
7.08 (s, 3/5>%2H), 6.92 (d, J = 7.2 Hz, 3/5H), 6.88 (s, 2/5H), 5.54 — 5.27 (m, 3/5>4H),
5.20 — 5.08 (m, 2/5>4H), 4.98 (d, J = 11.6 Hz, 3/5H), 4.83 (d, J = 10.4 Hz, 2/5H),
4.52 — 4.33 (m, 3/5x4H), 4.23 — 4.06 (m, 2/5>4H), 3.84 (d, J = 11.0 Hz, 3/5H), 3.80 (s,
2/5H), 3.68 (s, 3/5>3H), 3.67 (s, 2/5>3H), 3.28 — 3.24 (m, 3/5>2H), 3.22 (d, J = 9.6
Hz, 2/55QH), 2.08 (d, J = 6.2 Hz, 3/5x12H), 2.06 (d, J = 4.6 Hz, 2/5x12H), 2.00 (s,
3/552H), 1.92 (M, 2/55RH), 1.46 (s, 2/5>9H), 1.42 (s, 3/5>9H). 13C NMR (150 MHz,
Chloroform-d) 6 171.5, 171.3, 171.1, 171.0, 170.5, 170.4, 170.2, 170.0, 169.9, 169.8,
169.7, 169.5, 155.4, 154.9, 136.1, 136.0, 127.5, 127.3, 123.2, 122.1, 120.0, 119.6,
118.7, 118.5, 111.7, 111.3, 111.0, 110.3, 95.8, 90.5, 80.0, 79.8, 70.8, 70.4, 68.7, 68.3,
68.2, 67.7, 67.2, 66.9, 66.8, 66.0, 61.7, 61.4, 55.3, 52.5, 52.4, 49.4, 48.4, 28.2, 20.8,
20.7, 20.7, 20.7, 20.7, 20.6, 20.5. HRMS-ESI(m/z): [M+Na]* calcd. for
CasHasN3NaO14*, 742.2794, found, 742.2808.

OAc
AcO BocHN
N_
AcO & B
AcO NH
COOMe 3a’'

Purification by column chromatography afforded product in 67% yield (57.2 mg, d.r.

= 1:1.4) as a white solid (PE/EA = 1:1, Rt = 0.4). mp 130.7 - 131.6 °C. 'H NMR (400

MHz, Chloroform-d) & 8.02 (d, J = 7.8 Hz, 1H), 7.67 (m, 2H), 7.57 — 7.46 (m, 2H),
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7.21 - 7.15 (m, 2H), 7.13 (d, J = 9.0 Hz, 2H), 6.72 (s, 1H), 5.37 (s, 1H), 5.28 (t, J =
3.2 Hz, 1H), 5.02 (s, 2H), 4.56 — 4.41 (m, 2H), 4.20 (d, J = 10.8 Hz, 1H), 4.03 (d, J =
4.8 Hz, 1H), 4.00 (d, J = 4.6 Hz, 1H), 3.92 (s, 1H), 3.64 (s, 3H), 3.55 (s, 3H), 3.43 —
3.31 (m, 1H), 3.20 (dd, J = 14.4, 8.2 Hz, 1H), 2.09 (s, 3H), 2.02 (d, J = 6.4 Hz, 6H),
1.97 (s, 3H), 1.78 (s, 1H), 1.59 (s, 1H), 1.43 (s, 9H). 3C NMR (100 MHz,
Chloroform-d) 6 171.8, 171.4, 170.8, 169.9, 169.6, 169.4, 166.3, 155.3, 138.7, 137.2,
133.0, 131.4, 128.5, 128.2, 127.8, 127.6, 122.7, 120.2, 119.0, 111.6, 109.8, 80.0, 69.1,
68.2, 67.8, 67.6, 66.7, 60.6, 55.6, 52.4, 49.5, 28.2, 24.8, 20.7, 20.6. HRMS-ESI(m/z):
[M+Na]" calcd. for C42Hs1N3NaO16", 876.3162, found, 876.3178.

OAc
o BocHN
AcO NH
AcOA 5 0 X
¢ NH
COOMe 3b

Purification by column chromatography afforded product in 53% yield (38.1 mg, d.r.
= 1:1.1) as a colorless sticky oil (PE/EA = 1:1, Rf = 0.3). 'H NMR (400 MHz,
Chloroform-d) & 8.56 (s, 1H), 7.71 (d, J = 7.8 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.19
(m, 2H), 7.03 (d, J = 2.4 Hz, 1H), 6.06 (d, J = 8.4 Hz, 1H), 5.17 (m, 2H), 4.95 (m,
2H), 4.60 — 4.40 (m, 2H), 4.14 (m, 1H), 3.99 (d, J = 12.4 Hz, 1H), 3.87 (s, 1H), 3.66
(s, 3H), 3.54 (s, 1H), 3.33 (d, J = 13.6 Hz, 1H), 3.11 (m, 1H), 2.09 (d, J = 4.6 Hz, 6H),
2.06 (s, 6H), 1.58 (s, 2H), 1.44 (s, 9H). 3C NMR (150 MHz, Chloroform-d) § 171.7,
1715, 170.8, 170.4, 169.5, 169.4, 155.3, 136.2, 127.3, 123.2, 122.3, 119.9, 118.8,
111.4,110.6, 80.1, 76.8, 70.2, 69.6, 69.4, 69.0, 68.1, 61.7, 55.0, 52.6, 49.0, 29.7, 29.1,
28.3, 27.7, 20.7, 20.7. HRMS-ESI(m/z): [M+Na]* calcd. for CzsHasN3NaOi4",
742.2794, found, 742.2808.

OAc
o BocHN
AcO N =
ACOA 5 0 =X
¢ NH
COOMe 3b'
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Purification by column chromatography afforded product in 68% yield (58.0 mg, d.r.
= 1:1.1) as a colorless sticky oil (PE/EA = 1:1, Rt = 0.4). 'H NMR (400 MHz,
Chloroform-d) & 8.00 (d, J = 7.8 Hz, 1H), 7.74 — 7.63 (m, 2H), 7.51 (d, J = 7.8 Hz,
2H), 7.17 (m, 2H), 7.11 (m, 2H), 6.68 (d, J = 6.6 Hz, 1H), 5.35 (s, 1H), 5.19 (t, J = 8.8
Hz, 1H), 4.99 — 4.92 (m, 2H), 4.60 - 4.40 (m, 1H), 4.47 (s, 1H), 4.36 — 4.19 (m, 2H),
4.02 — 3.83 (M, 2H), 3.58 (s, 3H), 3.52 (s, 3H), 3.26 (M, 2H), 2.08 (s, 3H), 2.04 (s,
3H), 2.02 (s, 6H), 1.97 (d, J = 5.8 Hz, 2H), 1.43 (s, 9H). *C NMR (150 MHz,
Chloroform-d) 6 171.4, 171.3, 170.9, 169.9, 169.5, 166.4, 155.4, 138.6, 137.5, 132.9,
131.4,128.6, 128.5, 128.1, 127.8, 127.7, 122.7, 120.1, 119.1, 111.4, 109.8, 80.1, 70.0,
69.7, 69.6, 68.6, 68.1, 61.6, 55.3, 52.5, 52.3, 49.0, 28.3, 28.1, 20.8, 20.7, 20.6, 20.6.
HRMS-ESI(m/z): [M+Na]* calcd. for C42Hs:N3sNaO1e*, 876.3162, found, 876.3181.

o BocHN
AcO NH
AcO 0 X
AcO
NH
COOMe 3c

Purification by column chromatography afforded product in 66% yield (42.7 mg, d.r.
=1:1.1) as a colorless sticky oil (PE/EA/DCM = 1:1:1, R¢ = 0.3). H NMR (400 MHz,
Chloroform-d) 6 8.31 (d, J = 34.6 Hz, 1H), 7.63 (t, J = 10.6, 7.8 Hz, 1H), 7.37 (d, J =
8.0 Hz, 1H), 7.20 (m, 1H), 7.13 (t, J = 7.6 Hz, 1H), 7.07 (s, J = 2.8 Hz, 1H), 6.73 —
6.57 (m, 1H), 5.47 — 5.30 (m, 1H), 5.17 — 5.01 (m, 1H), 4.97 (t, J = 4.6 Hz, 1H), 4.77
— 4.64 (m, 2H), 4.49 (s, 1H), 3.91 (d, J = 13.2 Hz, 1H), 3.82 — 3.74 (m, 1H), 3.72 (d, J
=10.4 Hz, 1H), 3.64 (d, J = 11.4 Hz, 3H), 3.45 — 3.26 (m, 1H), 3.18 (m, 1H), 2.22 (t,
J=7.6 Hz, 1H), 2.13 — 2.10 (m, 6H), 2.05 — 1.98 (m, 3H), 1.94 (q, J = 4.4 Hz, 1H),
1.42 (d, J = 17.2 Hz, 9H). 13C NMR (150 MHz, Chloroform-d) & 172.0, 171.5, 169.9,
169.8, 168.8, 155.5, 136.2, 129.9, 123.2, 122.3, 119.8, 118.6, 111.3, 111.2, 80.2, 71.3,
70.9, 68.3, 66.4, 65.5, 52.5, 50.9, 49.9, 35.9, 31.9, 29.3, 28.3, 27.2, 21.0, 20.9, 20.8.
HRMS-ESI(m/z): [M+Na]" calcd. for Cs1Ha1N3NaO12*, 670.2582, found, 670.2594.
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AcO 0] N=—
AcO o X

AcO
¢ NH

COOMe 3¢

Purification by column chromatography afforded product in 55% yield (43.0 mg, d.r.
= 1:1.4) as a colorless sticky oil (PE/EA/DCM = 1:1:1, R = 0.4). 'H NMR (400 MHz,
Chloroform-d) & 8.00 (d, J = 7.8 Hz, 1H), 7.66 (m, 2H), 7.52 (d, J = 8.0 Hz, 2H), 7.15
(m, 2H), 7.09 (d, J = 8.6 Hz, 2H), 6.78 (s, 1H), 5.23 (s, 1H), 4.94 (s, 1H), 4.66 (d, J =
14.2 Hz, 2H), 4.58 (s, 1H), 4.48 (s, 1H), 3.92 (d, J = 13.4 Hz, 1H), 3.77 (d, J = 13.4
Hz, 1H), 3.66 (s, 1H), 3.60 (s, 3H), 3.53 (s, 3H), 3.39 (s, 1H), 3.25 (m, 1H), 2.12 (s,
3H), 2.09 (s, 3H), 2.05 (s, 3H), 2.02 — 1.89 (m, 2H), 1.41 (s, 9H). 3C NMR (100
MHz, Chloroform-d) 8 172.0, 171.8, 169.7, 168.6, 166.3, 155.4, 138.6, 137.4, 133.0,
131.4, 128.6, 128.4, 128.0, 127.7, 122.6, 120.1, 119.0, 111.1, 109.8, 80.1, 71.2, 68.3,
66.5, 66.2, 66.0, 55.3, 52.4, 52.3, 49.7, 33.2, 28.2, 27.7, 21.0, 20.8, 20.7.
HRMS-ESI(m/z): [M+Na]* calcd. for CsgHa7N3NaO14*, 804.2950, found, 804.2955.

AcO

Oéc BocHN
AcO NH
AcO 0 =X
NH
COOMe 3d

Purification by column chromatography afforded product in 68% yield (48.9 mg, d.r.
= 1:2) as a colorless sticky oil (PE/EA = 1:1, Rf = 0.3). 'H NMR (400 MHz,
Chloroform-d) & 8.79 — 8.65 (m, 1H), 7.63 (dd, J = 11.4, 7.8 Hz, 1H), 7.35 (t, J = 7.6
Hz, 1H), 7.22 — 7.09 (m, 2H), 7.06 (dd, J = 10.0, 2.4 Hz, 1H), 6.67 (m, 1H), 5.47 —
5.29 (m, 1H), 5.29 — 5.22 (m, 1H), 5.22 — 5.14 (m, 1H), 5.11 (d, J = 4.4 Hz, 1H), 5.05
—4.95 (m, 1H), 4.66 — 4.46 (m, 2H), 4.27 (m, 1H), 4.17 — 4.00 (m, 1H), 3.99 — 3.80
(m, 1H), 3.65 (d, J = 5.4 Hz, 3H), 3.42 — 3.26 (m, 1H), 3.17 (m, 1H), 2.15 (s, 1H),
2.12 - 2.05 (m, 12H), 2.00 (s, 1H), 1.42 (s, 9H). 3C NMR (150 MHz, Chloroform-d)
6 171.4,170.8, 170.1, 169.9, 169.7, 169.4, 155.3, 136.1, 127.4, 123.3, 122.0, 119.5,
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118.3, 111.2, 110.1, 91.9, 79.9, 70.8, 70.2, 69.9, 68.9, 68.2, 66.7, 62.4, 61.6, 52.4,
49.1, 30.5, 28.1, 20.5, 20.5. HRMS-ESI(m/z): [M+Na]" calcd. for CzsHsN3NaO14",
742.2794, found, 742.2841.

AcO

Oéc BocHN
AcO N =
AcO 0 =X
NH
COOMe 3d’

Purification by column chromatography afforded product in 77% yield (65.7 mg, d.r.
= 1:1.2) as a white solid (PE/EA = 1:1, Rr= 0.4). mp 85.8 - 87.1 °C. 'H NMR (400
MHz, Chloroform-d) & 8.02 (d, J = 7.8 Hz, 1H), 7.67 (d, J= 7.0 Hz, 2H), 7.51 (t, J =
8.4 Hz, 2H), 7.18 — 7.13 (m, 2H), 7.11 (s, 2H), 6.62 (s, 1H), 5.35 (s, 1H), 5.06 (d, J =
5.8 Hz, 2H), 4.92 (d, J = 4.0 Hz, 1H), 4.56 (s, 1H), 4.46 (s, 1H), 4.28 (m, 1H), 4.04
(dd, J=12.2,3.4 Hz, 1H), 3.92 — 3.69 (m, 2H), 3.64 (s, 3H), 3.55 (s, 3H), 3.37 (s, 1H),
3.21 (d, J = 11.6 Hz, 1H), 2.04 (t, J = 6.0 Hz, 12H), 1.69 (s, 2H), 1.42 (s, 9H). 13C
NMR (150 MHz, Chloroform-d) 6 171.7, 171.4, 170.8, 169.9, 169.6, 169.5, 166.2,
155.4, 138.8, 137.3, 133.0, 131.5, 128.7, 128.4, 128.3, 127.9, 127.7, 122.7, 120.2,
119.0, 111.5, 109.9, 79.9, 71.1, 70.3, 69.8, 68.2, 67.1, 61.7, 52.5, 52.4, 49.5, 28.3,
20.8, 20.7, 20.7. HRMS-ESI(m/z): [M+Na]" calcd. for C42Hs1N3NaOis", 876.3162,
found, 876.3162.

Oéc BocHN
AcO NH
AcO 0 =X
NH
COOMe 3e

Purification by column chromatography afforded product in 88% vyield (58.2 mg, d.r.

= 1:4) as a colorless sticky oil (PE/EA = 1:1, Rf = 0.3). 'H NMR (400 MHz,

Chloroform-d) & 8.30 (s, 1H), 7.64 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 7.8 Hz, 1H), 7.18

(t, J = 7.6 Hz, 1H), 7.13 (d, J = 7.4 Hz, 1H), 7.07 (s, 1H), 6.55 (d, J = 7.8 Hz, 1H),

5.13 (d, J = 7.4 Hz, 1H), 5.04 (dd, J = 8.2, 3.4 Hz, 1H), 5.00 — 4.88 (m, 2H), 4.62 (g, J
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= 6.6, 5.6 Hz, 1H), 4.47 (s, 1H), 3.83 (m, 1H), 3.67 (s, 3H), 3.58 (t, J = 6.6 Hz, 1H),
3.33 (d, J = 12.8 Hz, 1H), 3.16 (m, 1H), 2.08 (s, 3H), 2.04 (s, 3H), 2.01 (s, 3H), 1.71
(m, 2H), 1.40 (s, 9H), 1.14 (d, J = 6.2 Hz, 3H). 3C NMR (150 MHz, Chloroform-d) &
1715, 171.0, 170.2, 170.1, 169.8, 155.3, 136.1, 123.5, 122.2, 119.5, 118.6, 111.4,
111.2, 91.9, 80.0, 71.1, 70.4, 68.9, 68.7, 68.2, 66.1, 52.5, 49.6, 48.3, 29.6, 28.2, 20.8,
20.7, 20.6, 17.4. HRMS-ESI(m/z): [M+Na]* calcd. for Ca;Ha3NsNaO1,*, 684.2739,
found, 684.2754.

Oéo BocHN
AcO N =
AcO 0 =X
NH
COOMe 3e’

Purification by column chromatography afforded product in 83% yield (66.0 mg, d.r.
= 1:4) as a colorless sticky oil (PE/EA = 1:1, Ry = 0.4). 'TH NMR (400 MHz,
Chloroform-d) 8 8.01 (d, J= 8.0, 1H), 7.81 — 7.60 (m, 2H), 7.51 (m, 2H), 7.19 — 7.07
(m, 4H), 6.59 (s, 1H), 5.36 (s, 1H), 5.09 — 4.86 (m, 3H), 4.70 — 4.35 (m, 2H), 3.94 —
3.79 (m, 1H), 3.75 — 3.64 (m, 1H), 3.64 — 3.47 (m, 6H), 3.41 (s, 1H), 3.19 (m, 1H),
2.25-2.10 (m, 1H), 2.07 (d, J = 8.2 Hz, 3H), 2.04 (s, 3H), 1.99 (d, J = 5.6 Hz, 3H),
1.76 (s, 1H), 1.43 (s, 9H), 1.17 (t, J = 6.8 Hz, 3H). ¥C NMR (150 MHz,
Chloroform-d) 6 171.6, 170.0, 169.9, 169.8, 166.1, 155.3, 138.6, 137.5, 133.0, 131.6,
128.7, 128.6, 128.2, 127.9, 127.7, 127.6, 122.8, 120.1, 118.9, 109.9, 80.0, 71.3, 70.6,
70.5, 68.9, 68.8, 52.4, 49.6, 28.5, 28.2, 20.8, 20.8, 20.6, 17.3. HRMS-ESI(m/z):
[M+Na]" calcd. for C40H49N3NaO14*, 818.3107, found, 818.3118.

o BocHN
AcO NH
AcO X O X
¢ NH
COOMe 3f

Purification by column chromatography afforded product in 73% yield (50.3 mg, d.r.
= 1:2.3) as a colorless sticky oil (PE/EA/DCM = 1:4:1, Rf= 0.4). "TH NMR (400 MHz,
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Chloroform-d) & 8.33 (s, 1H), 7.65 (d, J= 8.0 Hz, 1H), 7.42 (d, /= 7.6 Hz, 1H), 7.36
(d, J=8.0 Hz, 1H), 7.18 (t, J = 7.4 Hz, 1H), 7.15 — 7.05 (m, 2H), 5.21 (t, J = 3.0 Hz,
1H), 5.15 - 5.06 (m, 1H), 5.01 (t, J = 4.0 Hz, 1H), 4.62 (s, 2H), 4.59 (s, 1H), 4.32 (s,
1H), 4.13 (d, J=9.8 Hz, 1H), 3.70 (s, 3H), 3.60 (s, 3H), 3.31 (m, 2H), 2.12 (d, /= 6.0
Hz, 6H), 1.99 (s, 3H), 1.87 — 1.70 (m, 2H), 1.36 (s, 9H). 3C NMR (150 MHz,
Chloroform-d) & 171.6, 169.8, 169.3, 168.9, 168.3, 155.3, 136.1, 127.9, 123.4, 122.0,
119.5, 118.8, 111.1, 79.9, 73.3, 68.1, 67.6, 66.2, 65.8, 55.0, 52.5, 52.4, 50.0, 31.2, 28.2,
27.9, 20.8, 20.6, 20.5. HRMS-ESI(m/z): [M+Na]" caled. for C33Hs3N3NaOs®,
712.2688, found, 712.2689.

o BocHN
AcO N =
AcO 0 =X
AcO
NH
COOMe 3f

Purification by column chromatography afforded product in 75% yield (61.7 mg, d.r.
= 1:3) as a colorless sticky oil (PE/EA = 1:2, Rr = 0.5). 'TH NMR (400 MHz,
Chloroform-d) 6 7.98 (t, /= 6.6 Hz, 1H), 7.73 (m, 1H), 7.64 (q, J = 6.0, 4.2 Hz, 1H),
7.56 (d, J= 8.0 Hz, 1H), 7.49 (m, 2H), 7.13 (m, 4H), 5.46 — 5.29 (m, 1H), 5.21 (d, J =
16.0 Hz, 1H), 5.02 (m, 1H), 4.78 (q, J = 7.2 Hz, 1H), 4.67 (m, 2H), 4.28 (d, J = 10.8
Hz, 1H), 4.21 (d, J=9.8 Hz, 1H), 3.74 — 3.56 (m, 6H), 3.48 (d, J= 5.0 Hz, 3H), 3.42
—3.22 (m, 2H), 2.12 (t, J = 10.8 Hz, 6H), 2.00 (s, 3H), 1.81 (s, 2H), 1.40 (d, J = 6.4
Hz, 9H). 13C NMR (150 MHz, Chloroform-d) & 172.0, 169.8, 169.4, 168.1, 166.6,
155.4, 137.4, 132.7, 131.3, 129.9, 128.7, 128.6, 128.4, 128.1, 127.5, 122.5, 119.9,
119.2, 111.6, 109.7, 79.8, 73.3, 67.5, 67.0, 66.4, 65.5, 54.9, 52.7, 52.3, 50.0, 31.5,
29.7, 28.2, 20.9, 20.7, 20.5. HRMS-ESI(m/z): [M+Na]" calcd. for C41H4N3NaOs",
846.3058, found, 846.3062.
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OBz

BzQ . BocHN
NH
BzO 0 X
BzO NH
COOMe 3g

Purification by column chromatography afforded product in 71% yield (68.7 mg, d.r.
= 1:2) as a colorless sticky oil (PE/EA = 1:1, Rf = 0.3). 'H NMR (400 MHz,
Chloroform-d) & 8.43 (s, 1H), 8.04 (dd, J = 13.4, 8.2 Hz, 4H), 7.99 (d, J = 3.8 Hz, 1H),
7.97 (s, 1H), 7.89 (m, 2H), 7.61 (dd, J = 12.4, 7.0 Hz, 2H), 7.57 — 7.51 (m, 2H), 7.48
(d, J = 9.6 Hz, 2H), 7.45 (s, 2H), 7.43 (s, 2H), 7.40 (d, J = 7.8 Hz, 2H), 7.37 — 7.31 (m,
2H), 7.19 (t, J = 7.4 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 7.03 (m, 1H), 6.83 (d, J = 6.8
Hz, 1H), 5.96 (s, 1H), 5.75 (d, J = 10.6 Hz, 2H), 5.20 (s, 1H), 4.85 (s, 1H), 4.61 (d, J
= 13.0 Hz, 1H), 4.57 — 4.36 (m, 2H), 4.24 (dd, J = 11.6, 5.4 Hz, 1H), 3.75 — 3.64 (m,
1H), 3.61 (s, 3H), 3.34 (s, 1H), 3.21 — 3.03 (M, 1H), 2.17 — 1.90 (m, 2H), 1.42 (d, J =
4.8 Hz, 9H). 1*C NMR (150 MHz, Chloroform-d) & 171.4, 171.2, 166.5, 166.0, 165.5,
165.4, 155.4, 136.2, 133.7, 133.6, 133.2, 129.9, 129.8, 129.8, 128.7, 128.6, 128.6,
128.5, 128.5, 128.4, 127.7, 123.3, 122.6, 119.8, 118.6, 111.3, 110.4, 80.1, 69.5, 68.9,
68.2, 61.5, 55.5, 52.6, 49.2, 29.3, 28.3. HRMS-ESI(m/z): [M+Na]" calcd. for
CsaHs3N3NaO14*, 990.3420, found, 990.3430.

OBz
BzO . BochN
N_
BzO O X
BzO NH
COOMe 3g"

Purification by column chromatography afforded product in 68% yield (74.9 mg, d.r.

= 1:1) as a colorless sticky oil (PE/EA = 1:1, Ry = 0.4). 'TH NMR (400 MHz,

Chloroform-d) & 8.06 — 8.01 (m, 3H), 8.01 — 7.93 (m, 2H), 7.89 (d, J = 7.8 Hz, 1H),

7.84 (d, J= 7.8 Hz, 1H), 7.78 (s, 1H), 7.71 — 7.66 (m, 1H), 7.62 (d, J = 7.2 Hz, 2H),

7.59 (d, J=3.4 Hz, 1H), 7.57 — 7.43 (m, 7H), 7.39 (q, J = 7.0 Hz, 4H), 7.31 (q, J =

8.6, 7.8 Hz, 3H), 7.21 — 7.12 (m, 2H), 7.07 (q, J = 9.8, 8.8 Hz, 2H), 6.87 — 6.55 (m,
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1H), 5.91 (d, J = 21.0 Hz, 1H), 5.72 (d, J = 2.6 Hz, 1H), 5.57 (s, 1H), 5.37 (m, 1H),
4.67 (s, 2H), 4.56 — 4.46 (m, 1H), 4.45 — 4.35 (m, 1H), 4.25 (d, J= 12.6 Hz, 1H), 3.56
(s, 3H), 3.48 (s, 3H), 3.30 (s, 1H), 3.21 (m, 1H), 2.35 — 2.04 (m, 2H), 1.40 (s, 9H). 13C
NMR (150 MHz, Chloroform-d) & 171.7, 171.4, 166.5, 166.3, 165.4, 165.3, 155.4,
138.7, 137.5, 133.6, 133.4, 133.2, 133.0, 131.4, 129.9, 129.8, 129.8, 128.9, 128.6,
128.5, 128.5, 128.4, 127.8, 122.8, 120.1, 119.2,109.9, 79.9, 69.5, 69.0, 68.9, 68.5,
68.2, 61.6, 52.5, 52.3, 49.2, 31.9, 29.3, 28.3. HRMS-ESI(m/z): [M+Na]" calcd. for
CeHsoN3NaOy", 1124.3788, found, 1124.3791.

BzO

ng BocHN
BzO NH
BzO 0O X
NH
COOMe 3h

Purification by column chromatography afforded product in 64% yield (61.9 mg, d.r.
= 1:1) as a colorless sticky oil (PE/EA = 1:1, Rf = 0.3). 'H NMR (400 MHz,
Chloroform-d) & 8.81 (s, 1H), 8.13 (d, J = 7.6 Hz, 2H), 8.00 (dd, J = 11.4, 7.8 Hz, 4H),
7.88 (d, J = 7.8 Hz, 2H), 7.74 (s, 1H), 7.63 — 7.53 (m, 3H), 7.51 — 7.39 (m, 5H), 7.33
(m, 5H), 7.17 (g, J = 5.6, 3.8 Hz, 2H), 7.06 (d, J = 2.4 Hz, 1H), 6.04 (g, J = 8.6, 8.0
Hz, 2H), 5.62 (dd, J = 9.4, 3.2 Hz, 1H), 5.46 (d, J = 3.2 Hz, 1H), 5.30 (d, J = 8.2 Hz,
1H), 4.65 (d, J = 12.4 Hz, 1H), 4.62 — 4.45 (m, 2H), 4.36 (dd, J = 12.4, 4.0 Hz, 1H),
4.05 (d, J = 11.0 Hz, 1H), 3.97 (s, 1H), 3.68 (s, 3H), 3.38 (d, J = 14.0 Hz, 1H), 3.07
(m, 1H), 1.74 (s, 2H), 1.43 (s, 9H). 13C NMR (150 MHz, Chloroform-d) & 171.6,
171.4, 170.9, 166.2, 166.0, 165.8, 165.6, 165.3, 155.3, 136.3, 133.6, 133.6, 133.6,
133.2, 129.9, 129.9, 129.8, 129.8, 129.2, 129.0, 128.7, 128.6, 128.6, 128.5, 128.5,
128.5, 127.3, 123.5, 122.3, 120.0, 118.9, 111.4, 110.6, 80.0, 72.4, 71.6, 70.6, 70.1,
66.9, 62.4, 54.9, 52.8, 49.5, 30.3, 29.6, 28.4, 28.3. HRMS-ESI(m/z): [M+Na]" calcd.
for Cs4Hs3sN3NaO14", 990.3420, found, 990.3425.
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BzO

ng BocHN
BzO N—
BzO o X
NH
COOMe 3h

Purification by column chromatography afforded product in 47% yield (51.7 mg, d.r.
= 1:1.2) as a colorless sticky oil (PE/EA = 1:1, Rf = 0.4). '"H NMR (600 MHz,
Chloroform-d) 6 8.12 — 8.09 (m, 2H), 8.03 (d, J = 7.8 Hz, 1H), 7.96 (d, J = 8.0 Hz,
2H), 7.94 — 7.91 (m, 2H), 7.84 — 7.77 (m, 2H), 7.60 (d, J = 8.2 Hz, 1H), 7.55 (t, J =
7.4 Hz, 2H), 7.51 (t, J = 7.2 Hz, 1H), 7.47 (d, J = 8.6 Hz, 1H), 7.44 — 7.40 (m, 3H),
7.36 (m, 4H), 7.29 — 7.25 (m, 3H), 7.16 (q, J = 6.8 Hz, 1H), 7.13 — 7.06 (m, 2H), 7.02
(d, J=8.0 Hz, 1H), 6.81 (d, /= 7.2 Hz, 1H), 6.05 — 5.99 (m, 1H), 5.93 (t, J = 8.8 Hz,
1H), 5.68 — 5.54 (m, 1H), 5.50 (s, 1H), 5.39 (m, 1H), 4.79 —4.71 (m, 1H), 4.64 — 4.57
(m, 1H), 4.50 (dd, J = 12.2, 4.0 Hz, 1H), 4.44 — 4.38 (m, 1H), 4.32 — 4.22 (m, 1H),
4.14 (s, 1H), 3.70 — 3.47 (m, 6H), 3.39 (m, 1H), 3.21 (t, J= 6.8 Hz, 1H), 1.98 — 1.70
(m, 2H), 1.39 (d, J = 7.8 Hz, 9H). 13C NMR (150 MHz, Chloroform-d) § 171.6, 171.2,
166.3, 166.2, 165.5, 165.4, 165.3, 165.3, 155.4, 138.8, 137.5, 133.5, 133.3, 133.1,
131.6, 129.9, 129.8, 129.7, 129.4, 129.4, 129.1, 129.0, 128.9, 128.7, 128.5, 128.5,
128.4, 128.0, 127.7, 122.8, 120.3, 119.3, 109.9, 92.4, 80.1, 71.4, 70.9, 69.8, 68.9, 67.3,
66.9, 62.8, 62.7, 52.6, 52.5, 49.9, 28.5, 28.3. HRMS-ESI(m/z): [M+Na]" calcd. for
Ce2HsoN3NaOo ", 1124.3788, found, 1124.3779.
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Purification by column chromatography afforded product in 72% yield (60.0 mg, d.r.

= 1:2) as a colorless sticky oil (PE/EA = 2:1, Ry = 0.3). 'TH NMR (400 MHz,

Chloroform-d) ¢ 9.01 (s, 1H), 8.01 — 7.97 (m, 2H), 7.91 (t, J = 8.2 Hz, 4H), 7.84 (d, J

=5.6 Hz, 1H), 7.63 (d, J= 6.6 Hz, 1H), 7.57 (t, J = 7.2 Hz, 2H), 7.47 (d, J = 1.8 Hz,
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2H), 7.44 (d, J = 7.6 Hz, 3H), 7.39 (t, J = 7.4 Hz, 1H), 7.32 (1, J = 7.6 Hz, 2H), 7.17
(dd, J=6.0, 3.2 Hz, 2H), 6.99 (d, J = 2.2 Hz, 1H), 6.24 (d, /= 6.2 Hz, 1H), 5.71 (t, J
= 9.8 Hz, 1H), 5.38 (m, 1H), 5.20 (m, 2H), 5.09 (t, /= 9.8 Hz, 1H), 4.68 (s, 1H), 4.50
(dd, J = 6.2, 3.8 Hz, 1H), 3.82 (dd, J = 11.0, 5.6 Hz, 1H), 3.63 (s, 3H), 3.29 (m, 1H),
3.08 (m, 1H), 2.03 — 1.98 (m, 2H), 1.46 (s, 9H). 3C NMR (150 MHz, Chloroform-d)
o 171.6, 170.9, 167.1, 165.7, 165.3, 155.1, 136.3, 133.6, 133.5, 129.8, 129.7, 129.6,
129.1, 129.0, 128.8, 128.7, 128.6, 128.4, 127.1, 123.2, 122.4, 120.1, 119.3, 111.9,
110.8, 80.0, 74.2, 73.5, 72.2, 69.5, 66.5, 54.8, 52.5, 49.1, 32.0, 29.3, 28.4.
HRMS-ESI(m/z): [M+Na]" caled. for C4sH47N3NaO12", 856.3052, found, 856.3055.
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Purification by column chromatography afforded product in 56% yield (54.2 mg, d.r.
= 1:1.3) as a colorless sticky oil (PE/EA = 2:1, Rf = 0.4). 'H NMR (400 MHz,
Chloroform-d) & 7.93 (m, 3H), 7.84 (dd, J = 12.4, 7.2 Hz, 4H), 7.76 — 7.56 (m, 2H),
7.51 (g, J = 7.8 Hz, 3H), 7.47 — 7.32 (m, 6H), 7.29 (d, J = 7.8 Hz, 2H), 7.22 — 7.15 (m,
2H), 7.15 - 7.07 (m, 2H), 7.03 (d, J = 7.8 Hz, 1H), 6.73 (s, 1H), 5.70 (m, 1H), 5.33 (m,
1H), 5.29 — 5.10 (m, 2H), 4.54 (s, 1H), 4.47 (s, 1H), 4.16 (dd, J = 11.6, 6.0 Hz, 1H),
3.64 (s, 4H), 3.49 (s, 3H), 3.27 — 3.04 (m, 2H), 2.01 (d, J = 7.0 Hz, 2H), 1.45 (d, J =
11.0 Hz, 9H). 3C NMR (150 MHz, Chloroform-d) & 171.8, 171.6, 165.8, 165.8,
165.5, 165.4, 138.7, 137.5, 133.4, 133.4, 133.1, 133.0, 131.5, 130.1, 129.9, 129.8,
129.8, 129.6, 129.1, 128.9, 128.7, 128.4, 128.3, 127.9, 127.6, 122.8, 120.4, 120.2,
119.3, 119.0, 110.1, 109.8, 80.1, 75.5, 73.6, 72.2, 72.1, 70.2, 66.6, 52.3, 52.3, 35.9,
31.9, 31.9, 29.3, 28.3. HRMS-ESI(m/z): [M+Na]* calcd. for CssHssN3NaOis™,
990.3420, found, 990.3439.
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Purification by column chromatography afforded product in 52% yield (44.0 mg, d.r.
= 1:1.1) as a colorless sticky oil (PE/EA/DCM = 1:2:1, R¢= 0.4). "TH NMR (400 MHz,
Chloroform-d) ¢ 8.77 (s, 1H), 8.07 (d, J= 7.6 Hz, 2H), 7.98 (d, J = 7.8 Hz, 2H), 7.86
(d, J=17.8 Hz, 2H), 7.71 (t, J = 4.6 Hz, 1H), 7.63 (t, J = 7.4 Hz, 1H), 7.51 (m, 4H),
7.41 (t,J=17.6 Hz, 2H), 7.30 (dd, J = 10.2, 5.8 Hz, 3H), 7.18 — 7.13 (m, 2H), 7.10 (d,
J=2.4Hz, 1H), 6.30 (d, J= 7.6 Hz, 1H), 5.66 — 5.53 (m, 2H), 5.41 (s, 1H), 5.25 (s,
1H), 4.67 (s, 1H), 4.58 (s, 1H), 4.11 (t, J = 7.0 Hz, 1H), 4.03 (d, J = 12.2 Hz, 1H),
3.68 (s, 3H), 3.37 (m, 1H), 3.16 (m, 1H), 2.04 (q, J = 9.4, 6.2 Hz, 2H), 1.44 (s, 9H),
1.35 (d, J = 6.0 Hz, 3H). '3C NMR (150 MHz, Chloroform-d) & 171.3, 171.1, 166.1,
165.9, 165.7, 155.3, 136.4, 133.6, 133.5, 133.5, 129.9, 129.8, 129.7, 129.4, 129.2,
128.9, 128.6, 128.5, 128.4, 127.3, 122.9, 122.5, 119.9, 118.8, 111.5, 110.6, 80.1, 72.0,
71.7,70.2, 68.5, 54.9, 52.7, 48.5, 30.7, 29.3, 28.3, 27.2, 22.7, 17.9. HRMS-ESI(m/z):
[M+Na]" calcd. for C47H49N3NaO12", 870.3208, found, 870.3217.
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Purification by column chromatography afforded product in 64% yield (62.8 mg, d.r.
= 1:1.2) as a colorless sticky oil (PE/EA/DCM = 1:1:1, R¢= 0.4). "TH NMR (400 MHz,
Chloroform-d) 6 7.98 (q, J = 7.8 Hz, 5H), 7.81 (t, J = 6.8 Hz, 2H), 7.74 (s, 1H), 7.66
(d, J = 11.8 Hz, 1H), 7.62 — 7.56 (m, 1H), 7.56 — 7.49 (m, 2H), 7.47 (s, 1H), 7.46 —
7.40 (m, 4H), 7.38 (d, J = 8.0 Hz, 1H), 7.30 (d, J = 7.6 Hz, 2H), 7.23 — 7.09 (m, 3H),
7.03 (s, 1H), 6.68 (s, 1H), 5.62 — 5.46 (m, 2H), 5.43 (d, J = 3.2 Hz, 2H), 4.75 (s, 1H),
4.53 (m, 1H), 4.13 (s, 1H), 3.95 (s, 1H), 3.65 (s, 3H), 3.48 (s, 3H), 3.41 (s, 1H), 3.23
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(m, 1H), 2.38 (s, 1H), 1.99 (s, 1H), 1.40 (s, 9H), 1.30 (d, J = 6.4 Hz, 3H). 3C NMR
(150 MHz, Chloroform-d) 6 171.7, 166.4, 165.6, 165.6, 165.5, 155.4, 138.7, 137.5,
133.4, 133.3, 132.9, 131.3, 129.9, 129.7, 129.7, 1294, 129.2, 129.0, 128.6, 128.5,
128.5, 128.4, 128.3, 128.2, 127.7, 120.2, 119.3, 119.0, 111.4, 110.1, 109.8, 80.0, 72.0,
71.7, 69.8, 68.8, 55.0, 52.5, 52.4,49.9, 31.9, 30.6, 29.7, 28.3, 17.6. HRMS-ESI(m/z):
[M+Na]" calcd. for CssHssN3NaO4*, 1004.3576, found, 1004.3581.
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Purification by column chromatography afforded product in 32% yield (32.2 mg, d.r.
= 1:1.2) as a colorless sticky oil (PE/EA = 1:3, R¢ = 0.4). 'H NMR (400 MHz,
Chloroform-d) 6 8.94 (s, 1H), 7.64 (d, J= 7.8 Hz, 1H), 7.43 (t, J = 6.0 Hz, 1H), 7.20
(t,J=7.4 Hz, 1H), 7.14 (t, J= 7.6 Hz, 1H), 7.04 (d, J = 6.2 Hz, 1H), 6.15 (d, /= 8.4
Hz, 1H), 5.38 (q, J = 7.2, 5.6 Hz, 2H), 5.20 (p, J = 8.8, 7.4 Hz, 2H), 5.05 — 4.99 (m,
1H), 4.75 (d, J= 7.4 Hz, 1H), 4.55 (m, 2H), 4.46 (d, /= 7.8 Hz, 1H), 4.38 (q, /= 7.6,
7.0 Hz, 1H), 4.28 — 4.15 (m, 2H), 4.15 — 4.10 (m, 2H), 4.08 (d, J = 6.0 Hz, 1H), 3.91
(t, J= 6.8 Hz, 1H), 3.80 (s, 1H), 3.65 (d, /= 9.6 Hz, 3H), 3.40 — 3.31 (m, 1H), 3.09
(m, 1H), 2.18 (s, 3H), 2.14 (d, J = 2.8 Hz, 3H), 2.12 (s, 3H), 2.10 (s, 6H), 2.06 (s, 3H),
2.00 (s, 3H), 1.80 (s, 2H), 1.45 (d, J = 5.0 Hz, 9H). 3C NMR (150 MHz,
Chloroform-d) 6 171.5 171.3, 170.6, 170.4, 170.1, 170.0, 169.7, 169.3, 155.2, 136.3,
136.2, 124.0, 123.1, 122.2, 119.8, 118.6, 118.2, 111.7, 101.5, 101.2, 79.9, 75.8, 75.6,
70.8, 70.7, 69.2, 66.6, 61.4, 60.8, 60.7, 55.4, 52.5, 52.4, 49.5, 48.0, 29.6, 28.3, 20.9,
20.7, 20.7, 20.6, 20.6, 20.5, 20.5. HRMS-ESI(m/z): [M+Na]" caled. for
CasHs1N3NaO2", 1030.3639, found, 1030.3638.
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Purification by column chromatography afforded product in 46% yield (52.5 mg, d.r.
= 1:1.4) as a colorless sticky oil (PE/EA = 1:2, R = 0.4). 'TH NMR (400 MHz,
Chloroform-d) 6 8.00 (d, /= 7.8 Hz, 1H), 7.67 (dd, J=10.0, 6.2 Hz, 2H), 7.55 — 7.45
(m, 2H), 7.15 (q, J = 4.8 Hz, 2H), 7.10 (d, J = 5.6 Hz, 2H), 6.61 (d, J = 6.8 Hz, 1H),
5.39 (d, J=3.4 Hz, 1H), 5.28 (s, 1H), 5.25 - 5.18 (m, 1H), 5.00 (dd, /= 10.4, 3.4 Hz,
1H), 4.88 (dd, J= 9.8, 6.2 Hz, 1H), 4.52 (dd, J = 7.8, 4.2 Hz, 2H), 4.45 (s, 1H), 4.16
(d, J=5.4 Hz, 2H), 4.14 (s, 1H), 4.10 (d, J = 11.4 Hz, 1H), 4.03 (s, 1H), 4.00 (d, J =
5.6 Hz, 1H), 3.76 — 3.63 (m, 2H), 3.59 (q, J = 6.2 Hz, 3H), 3.48 (s, 3H), 3.42 (d, J =
14.6 Hz, 1H), 3.34 — 3.16 (m, 2H), 2.17 (s, 3H), 2.11 (d, /= 4.2 Hz, 3H), 2.08 (s, 3H),
2.06 (s, 3H), 2.05 (d, J = 2.7 Hz, 3H), 1.98 (s, 6H), 1.70 (s, 2H), 1.42 (d, J = 2.6 Hz,
9H). 3C NMR (150 MHz, Chloroform-d) 8 171.3, 170.7, 170.5, 170.0, 170.0, 169.9,
169.5, 166.4, 155.4, 138.7, 137.5, 133.0, 131.4, 128.6, 128.5, 127.9, 127.7, 122.7,
120.2, 119.1, 111.4, 109.8, 101.9, 82.7, 80.1, 71.4, 71.3, 70.9, 70.0, 69.0, 68.8, 68.7,
66.8, 62.4, 61.7, 52.5, 52.4, 49.3, 29.7, 28.3, 22.7, 20.9, 20.8, 20.6, 20.6, 20.5, 20.5.
HRMS-ESI(m/z): [M+Na]® calcd. for CssHe7N3NaOxa™, 1164.4007, found,
1164.4010.
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Purification by column chromatography afforded product in 43% yield (62.0 mg, d.r.
=1:1.3) as a colorless sticky oil (PE/EA/DCM = 1:2:1, R = 0.4). *H NMR (400 MHz,
Chloroform-d) & 8.51 (d, J = 2.4 Hz, 1H), 8.11 (d, J = 7.6 Hz, 2H), 7.98 (m, 6H), 7.89
(d, J = 7.8 Hz, 2H), 7.77 (d, J = 7.8 Hz, 2H), 7.65 (d, J = 7.6 Hz, 1H), 7.59 (d, J = 7.4
Hz, 3H), 7.57 (s, 1H), 7.51 (d, J = 7.8 Hz, 2H), 7.45 (m, 7H), 7.36 (d, J = 8.2 Hz, 1H),
7.32(d, J = 7.4 Hz, 1H), 7.28 (d, J = 9.6 Hz, 2H), 7.25 (s, 2H), 7.23 (s, 1H), 7.19 (d, J
= 7.6 Hz, 3H), 7.16 (s, 1H), 7.08 (t, J = 7.4 Hz, 1H), 6.98 (s, 1H), 6.09 — 5.94 (m, 3H),
5.65 (dd, J = 10.4, 3.5 Hz, 1H), 5.37 — 5.26 (m, 1H), 5.11 (dd, J = 9.8, 6.0 Hz, 1H),
5.04 (d, J = 8.0 Hz, 1H), 4.69 (d, J = 7.8 Hz, 1H), 4.58 (s, 1H), 4.45 (d, J = 7.4 Hz,
3H), 4.25 (s, 1H), 4.17 (d, J = 11.8 Hz, 1H), 4.00 (d, J = 12.2 Hz, 1H), 3.87 (t, J = 9.2
Hz, 1H), 3.80 (s, 1H), 3.72 (t, J = 9.0 Hz, 1H), 3.52 (s, 3H), 3.26 (d, J = 14.0 Hz, 1H),
3.07 (d, J = 8.6 Hz, 2H), 1.79 — 1.69 (m, 2H), 1.41 (s, 9H). 3C NMR (150 MHz,
Chloroform-d) 6 171.8, 171.4, 166.2, 166.0, 165.5, 165.5, 165.4, 165.3, 155.1, 136.0,
134.0, 133.9, 133.5, 133.5, 133.3, 133.2, 130.0, 129.8, 129.8, 129.6, 129.6, 129.5,
129.3, 128.8, 128.7, 128.7, 128.7, 128.5, 128.5, 128.4, 128.4, 128.3, 128.1, 123.3,
122.2,119.7, 118.9, 111.6, 110.9, 102.2, 82.9, 79.8, 72.6, 71.4, 71.3, 70.2, 70.2, 69.8,
68.6, 68.0, 62.9, 62.0, 56.1, 52.4, 49.9, 29.6, 28.3, 25.9. HRMS-ESI(m/z): [M+Na]"
calcd. for CgiH7sN3sNaO2,", 1464.4734, found, 1464.4735.
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Purification by column chromatography afforded product in 48% yield (75.6 mg, d.r.
=1:1.1) as a colorless sticky oil (PE/EA/DCM = 1:1:1, Rt = 0.5). *H NMR (400 MHz,
Chloroform-d) & 8.07 (d, J = 7.8 Hz, 2H), 7.99 (d, J = 8.0 Hz, 3H), 7.97 — 7.91 (m,
4H), 7.90 (s, 1H), 7.87 (d, J = 7.8 Hz, 2H), 7.75 (d, J = 7.8 Hz, 2H), 7.63 (t, J = 7.0
Hz, 3H), 7.59 — 7.53 (m, 2H), 7.53 — 7.43 (m, 7H), 7.42 (s, 1H), 7.40 (s, 1H), 7.38 (s,
1H), 7.36 (s, 1H), 7.34 (s, 1H), 7.31 (d, J = 7.4 Hz, 1H), 7.25 — 7.21 (m, 3H), 7.21 —
7.10 (m, 6H), 7.09 — 7.04 (m, 1H), 7.01 (s, 1H), 6.61 (d, J = 6.6 Hz, 1H), 5.97 (d, J =
3.4 Hz, 1H), 5.92 (dd, J = 10.5, 7.9 Hz, 1H), 5.57 (dd, J = 10.4, 3.4 Hz, 1H), 5.20 (dd,
J =10.0, 6.4 Hz, 2H), 5.03 (d, J = 7.8 Hz, 1H), 4.65 (t, J = 8.4 Hz, 1H), 4.54 — 4.47
(m, 2H), 4.42 (d, J = 8.6 Hz, 2H), 4.39 — 4.32 (m, 2H), 4.23 (s, 1H), 4.12 (dd, J = 12.0,
2.8 Hz, 1H), 4.06 (t, J = 8.8 Hz, 1H), 3.90 — 3.79 (m, 2H), 3.44 (s, 3H), 3.41 (s, 3H),
3.19 (s, 1H), 3.09 (dd, J = 14.6, 7.2 Hz, 1H), 2.13 — 2.02 (m, 2H), 1.38 (s, 9H). 13C
NMR (150 MHz, Chloroform-d) & 171.2, 166.3, 166.2, 165.5, 165.5, 165.4, 165.2,
155.4, 138.7, 137.5, 133.8, 133.5, 133.4, 133.3, 133.1, 133.0, 131.5, 130.0, 129.8,
129.7, 129.7, 129.5, 128.8, 128.7, 128.7, 128.6, 128.5, 128.4, 128.4, 128.3, 128.3,
128.1, 127.8, 127.7, 122.7, 120.2, 119.2, 111.5, 109.8, 102.3, 82.8, 80.1, 72.5, 71.6,
71.6, 70.5, 69.5, 69.5, 69.1, 68.0, 62.8, 62.2, 55.2, 52.4, 52.3, 49.4, 29.3, 28.2, 27.3,
27.2. HRMS-ESI(m/z): [M+Na]* calcd. for CsgHgiN3NaO2»*, 1598.5102, found,
1598.5105.
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Purification by column chromatography afforded product in 50% yield (48.4 mg, d.r.
= 1:1.4) as a colorless sticky oil (PE/EA = 1:1, Rt = 0.3). 'H NMR (400 MHz,
Chloroform-d) & 8.69 (s, 1H), 8.07 (d, J = 7.6 Hz, 2H), 8.00 — 7.88 (m, 6H), 7.72 (d, J
= 7.8 Hz, 1H), 7.53 (m, 4H), 7.43 (m, 4H), 7.35 (m, 5H), 7.17 (m, 2H), 6.99 (d, J =
2.2 Hz, 1H), 6.14 (d, J = 8.4 Hz, 1H), 5.80 (t, J = 8.6 Hz, 1H), 5.59 (t, J = 8.2 Hz, 1H),
5.38 (dd, J = 8.8, 5.2 Hz, 1H), 5.24 (s, 1H), 4.54 (p, J = 8.8, 7.6 Hz, 3H), 4.40 (dd, J =
12.2, 5.0 Hz, 1H), 4.23 (d, J = 10.8 Hz, 1H), 4.02 (dd, J = 8.6, 4.4 Hz, 1H), 3.62 (s,
3H), 3.34 (d, J = 14.2 Hz, 1H), 3.08 (m, 1H), 1.86 (s, 1H), 1.73 (d, J = 8.8 Hz, 1H),
1.41 (s, 9H). 13C NMR (100 MHz, Chloroform-d) § 171.8, 171.4, 166.2, 166.0, 165.3,
165.1, 155.3, 136.3, 133.7, 133.6, 133.5, 133.2, 129.8, 129.8, 129.5, 128.8, 128.7,
128.6, 128.5, 128.4, 127.2, 123.2, 122.3, 120.0, 118.9, 111.3, 110.6, 80.0, 70.4, 70.3,
70.2, 69.3, 68.5, 62.4, 54.8, 52.6, 49.2, 29.2, 28.3, 28.3. HRMS-ESI(m/z): [M+Na]*
calcd. for CssHs3N3NaO14", 990.3420, found, 990.3443.
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Purification by column chromatography afforded product in 48% yield (52.8 mg, d.r.
= 1:1.5) as a colorless sticky oil (PE/EA = 1:1, Rf = 0.4). 'H NMR (400 MHz,
Chloroform-d) & 8.08 (d, J = 7.8 Hz, 2H), 8.00 — 7.91 (m, 1H), 7.87 (q, J = 5.4 Hz,
4H), 7.79 (d, J = 8.6 Hz, 2H), 7.61 (d, J = 7.4 Hz, 2H), 7.57 — 7.45 (m, 5H), 7.42 (t, J
= 7.8 Hz, 4H), 7.31 (dd, J = 10.6, 7.8 Hz, 5H), 7.21 — 7.11 (m, 2H), 7.06 (d, J = 9.8
Hz, 2H), 6.80 — 6.53 (m, 1H), 5.87 — 5.68 (m, 1H), 5.60 — 5.34 (m, 2H), 5.27 (d, J =
21.6 Hz, 1H), 4.73 — 4.53 (m, 2H), 4.52 — 4.33 (m, 2H), 4.20 (s, 1H), 3.62 (s, 3H),
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3.50 (s, 3H), 3.44 (s, 1H), 3.30 (s, 1H), 3.18 (m, 1H), 2.11 — 1.71 (m, 2H), 1.39 (s,
9H). 13C NMR (150 MHz, Chloroform-d) § 171.7, 171.3, 166.3, 166.2, 165.5, 165.2,
155.3, 138.9, 137.5, 133.3, 133.3, 133.1, 133.0, 131.6, 129.8, 129.8, 129.7, 129.6,
128.9, 128.8, 128.4, 128.4, 128.3, 128.3, 127.7, 127.4, 122.8, 120.4, 120.1, 119.2,
118.9, 109.9, 79.8, 704, 70.2, 69.8, 62.8, 52.4, 494, 319, 29.7, 28.3.
HRMS-ESI(m/z): [M+Na]" calcd. for Ce2HssN3NaOg*, 1124.3788, found, 1124.3779.
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Purification by column chromatography afforded product in 16% yield (7.3mg) as a
colorless sticky oil (PE/EA/DCM = 1:2:1, Rf = 0.3). 'H NMR (400 MHz,
Chloroform-d) & 8.39 (s, 1H), 8.22 (s, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.33 (d, J = 8.0
Hz, 1H), 7.17 (t, J = 7.4 Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 7.02 (d, J = 2.4 Hz, 1H),
6.51 (s, 1H), 6.39 (s, 1H), 5.90 (s, 1H), 5.26 (s, 1H), 4.47 (m, 2H), 3.84 (s, 3H), 3.32
(m, 1H), 3.18 (dd, J = 14.6, 7.0 Hz, 1H), 1.42 (s, 9H), 1.24 — 1.15 (m, 3H). 13C NMR
(150 MHz, Chloroform-d) & 172.0, 170.4, 164.1, 155.5, 136.2, 131.0, 127.4, 123.2,
122.3, 119.8, 118.8, 111.2, 110.5, 109.5, 80.2, 55.0, 53.0, 49.7, 29.7, 28.3, 28.3, 17.4.
HRMS-ESI(m/z): [M+Na]+ calcd. for C23sH30N4NaOs*, 481.2058, found, 481.2056.

BocHN

0 6a'
Purification by column chromatography afforded product in 28% yield (116.6 mg) as
a colorless sticky oil (PE/EA = 1:2:1, R¢= 0.4). "TH NMR (400 MHz, Chloroform-d) &
8.45 (s, 1H), 8.02 (d, J = 7.6 Hz, 1H), 7.68 (q, J = 8.0 Hz, 2H), 7.51 (t, J = 7.8 Hz,
2H), 7.16 — 7.11 (m, 2H), 7.05 (s, 2H), 6.40 (s, 1H), 6.30 (d, J = 6.4 Hz, 1H), 5.79 (s,
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1H), 5.38 (s, 1H), 4.52 (s, 1H), 4.38 (s, 1H), 3.82 (s, 3H), 3.52 (s, 3H), 3.45 (s, 1H),
3.17 (m, 1H), 1.43 (s, 9H), 1.27 (d, J = 11.8 Hz, 3H) ¥C NMR (150 MHz,
Chloroform-d) & 172.1, 170.3, 164.1, 155.4, 138.8, 137.6, 133.1, 131.5, 131.0, 128.8,
128.3, 128.1, 128.0, 127.8, 122.7, 120.2, 119.2, 111.1, 109.8, 109.2, 80.2, 64.6, 54.9,
52.9, 52.4, 49.8, 28.3. HRMS-ESI(m/z): [M+Na]" caled. for C3iHzsNsNaOs",
615.2425, found, 615.2426.
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Purification by column chromatography afforded product in 38% yield (30.0 mg, d.r.
=1:1.3) as a colorless sticky oil (DCM/MeOH = 40:1, R¢ = 0.3). *H NMR (600 MHz,
Chloroform-d) & 8.36 (d, J = 12.0 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.38 (d, J = 8.2
Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 7.10 (s, 1H), 6.99 (d, J =
9.4 Hz, 1H), 6.17 (d, J = 7.4 Hz, 1H), 5.41 (t, J = 3.0 Hz, 1H), 5.18 (m, 2H), 5.13 —
5.06 (M, 1H), 4.58 (m, 1H), 4.41 — 4.32 (m, 3H), 4.27 (m, 1H), 4.16 (m, 2H), 3.70 (s,
3H), 3.26 (t, J = 6.8 Hz, 2H), 2.17 (m, 1H), 2.10 (s, 3H), 2.09 (s, 3H), 2.08 (s, 3H),
2.07 (s, 3H), 1.87 (m, 1H), 1.40 (s, 9H), 1.20 (d, J = 7.0 Hz, 3H). 3C NMR (150
MHz, Chloroform-d) 6 172.2, 171.9, 171.7, 171.1, 170.0, 169.9, 169.8, 156.1, 136.3,
127.3,123.3, 122.5, 119.9, 118.9, 111.3, 110.1, 80.9, 69.5, 68.8, 67.9, 67.0, 60.9, 55.5,
52.5, 49.10, 48.90, 28.3, 20.8, 20.8, 20.8, 20.7, 17.4. HRMS-ESI(m/z): [M+Na]"
calcd. for Cs7HsoNsNaO1s™, 813.3165 found, 813.3179.
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Purification by column chromatography afforded product in 48% yield (35.1 mg) as a
colorless sticky oil (DCM/MeOH = 40:1, Ry = 0.4). '"H NMR (400 MHz,
Chloroform-d) ¢ 8.01 (d, J = 8.0 Hz, 1H), 7.74 — 7.63 (m, 2H), 7.51 (t, J = 7.2 Hz,
2H), 7.19 — 7.10 (m, 4H), 7.08 (d, J = 7.8 Hz, 1H), 6.61 (s, 1H), 5.37 (t, J = 3.8 Hz,
1H), 5.29 — 5.13 (m, 2H), 5.08 (dd, J = 7.0, 3.8 Hz, 1H), 4.75 — 4.57 (m, 2H), 4.51 (s,
1H), 4.41 (s, 1H), 4.32 (d, /= 10.8 Hz, 1H), 4.12 (m, 1H), 3.95 (dd, J = 12.0, 4.8 Hz,
1H), 3.71 (s, 3H), 3.52 (s, 3H), 3.42 (s, 1H), 3.24 (d, J = 14.4 Hz, 1H), 2.17 (s, 1H),
2.12 (s, 3H), 2.10 (s, 6H), 2.01 — 1.93 (m, 1H), 2.08 (s, 3H), 1.42 (s, 9H), 1.26 (s, 3H).
13C NMR (150 MHz, Chloroform-d) 8 171.8, 171.7, 169.8, 169.7, 169.6, 166.3, 138.7,
137.6, 133.0, 131.5, 128.7, 128.5, 128.3, 128.0, 127.8, 122.7, 120.1, 119.3, 111.1,
109.8, 70.4, 68.8, 67.4, 66.6, 59.8, 54.9, 52.5, 52.4, 49.2, 49.1, 29.7, 28.3, 21.1, 20.9,
20.8, 20.7. HRMS-ESI(m/z): [M+Na]" caled. for C4sHssN4NaO17", 947.3533, found,
947.3567.

NH
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Purification by column chromatography afforded product in 38% yield (16.9 mg) as a

ZI/

colorless sticky oil (DCM/MeOH = 40:1, Rf = 0.3). 'H NMR (400 MHz,
Chloroform-d) & 8.35 (s, 1H), 8.30 (s, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.31 (d, J = 8.0
Hz, 1H), 7.15 (t, J = 7.6 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H), 7.02 (d, J = 2.4 Hz, 1H),
6.76 (s, 1H), 6.48 (s, 1H), 5.88 (s, 1H), 5.29 (s, 1H), 4.50 (d, J = 7.6 Hz, 1H), 3.85 (d,
J=5.6 Hz, 1H), 3.81 (s, 4H), 3.32 — 3.14 (m, 2H), 1.39 (s, 9H). 13C NMR (150 MHz,
Chloroform-d) & 172.7, 167.3, 164.1, 155.6, 136.2, 130.7, 127.4, 123.2, 122.3, 119.7,
118.7, 111.2, 110.3, 109.8, 80.3, 55.2, 53.0, 44.1, 29.7, 28.2. HRMS-ESI(m/z):
[M+Na]" calcd. for C22H2sN4NaO¢ ", 467.1906, found, 467.1902.
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Purification by column chromatography afforded product in 25% yield (14.5 mg) as a
white solid (DCM/MeOH = 40:1, R = 0.4). mp 65.3 - 65.9 °C. TH NMR (400 MHz,
Chloroform-d) ¢ 8.28 (s, 1H), 8.01 (d, J= 7.6 Hz, 1H), 7.66 (q, J = 6.4, 5.2 Hz, 2H),
7.50 (q, J = 7.6 Hz, 2H), 7.20 — 7.10 (m, 3H), 7.03 (dd, J = 6.6, 2.8 Hz, 1H), 6.50 (t,
1H), 6.44, (s, 1H), 5.82 (s, 1H), 5.62 — 5.48 (m, 1H), 4.51 (s, 1H), 3.88 — 3.82 (m, 1H),
3.80 (s, 3H), 3.63 (t, /= 5.8 Hz, 1H), 3.54 (s, 3H), 3.45 (s, 1H), 3.16 (m, 1H), 1.45 (s,
9H). 13C NMR (100 MHz, Chloroform-d) & 172.6, 167.6, 166.0, 164.1, 155.4, 138.8,
137.5, 133.2, 131.5, 130.7, 128.9, 128.3, 127.9, 122.8, 120.2, 119.0, 118.8, 111.4,
109.7, 109.3, 80.0, 52.9, 52.4, 44.3, 41.1, 28.3, 28.2. HRMS-ESI(m/z): [M+Na]"
caled. for C30H34N4NaOs™, 601.2269, found, 601.2277.
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Purification by column chromatography afforded product in 73% yield (56.6 mg, d.r.
= 1:1.5) as a white solid (PE/EA/DCM = 1:1:1, R¢ = 0.3). mp 101.8 - 102.1 °C. 'H
NMR (400 MHz, Chloroform-d) 6 8.41 (s, 1H), 7.63 (d, J= 7.8 Hz, 1H), 7.38 (d, J =
8.0 Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H), 7.16 — 7.07 (m, 2H), 7.01 (d, J = 8.2 Hz, 1H),
6.64 (s, 1H), 5.44 — 536 (m, 1H), 5.16 (d, J = 8.8 Hz, 3H), 4.68 — 4.57 (m, 1H), 4.40
(m, 2H), 4.25 (d, J=11.2 Hz, 1H), 4.19 — 4.02 (m, 2H), 3.87 (t, J = 6.2 Hz, 2H), 3.70
(s, 3H), 3.25 (d, J = 6.6 Hz, 2H), 2.18 (m, 1H), 2.09 (d, J = 4.6 Hz, 6H), 2.06 (d, J =
6.0 Hz, 6H), 1.85 (m, 1H), 1.39 (s, 9H). 13C NMR (150 MHz, Chloroform-d) & 172.4,

172.0, 171.2, 169.9, 169.8, 169.0, 156.2, 136.3, 127.3, 123.3, 122.4, 119.8, 119.8,
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118.7,111.4, 110.1, 80.7, 69.6, 68.8, 67.8, 66.9, 60.8, 55.7, 52.5, 49.0, 43.0, 28.3, 20.8,
20.7, 20.7. HRMS-ESI(m/z): [M+Na]" calcd. for C3¢H4sN4NaOjs", 799.3008, found,
799.3005.
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Purification by column chromatography afforded product in 84% yield (76.4 mg, d.r.
= 1:1.1) as a white solid (PE/EA/DCM = 1:1:1, Rf= 0.4). mp 96.7 - 97.3 °C. 'TH NMR
(400 MHz, Chloroform-d) 6 8.02 (d, /= 7.8 Hz, 1H), 7.69 (t, J = 7.8 Hz, 2H), 7.56 —
7.47 (m, 2H), 7.21 — 7.14 (m, 2H), 7.13 — 7.04 (m, 3H), 6.56 (t, J = 5.8 Hz, 1H), 5.44
—5.32 (m, 2H), 5.17 (q, J = 5.6, 4.0 Hz, 2H), 4.59 — 4.50 (m, 1H), 4.49 — 4.33 (m, 2H),
4.26 (d, J=11.2 Hz, 1H), 4.12 (m, 2H), 3.76 (d, J = 10.4 Hz, 2H), 3.67 (s, 3H), 3.56
(s, 3H), 3.32 (s, 1H), 3.23 (m, 1H), 2.21 (d, J = 3.4 Hz, 1H), 2.10 (s, 3H), 2.07 (d, J =
3.4 Hz, 9H), 1.89 (m, 1H), 1.41 (s, 9H). 3C NMR (100 MHz, Chloroform-d) & 172.3,
171.9, 171.1, 169.9, 169.8, 169.1, 166.0, 156.1, 138.6, 137.6, 133.1, 131.5, 128.8,
128.4, 128.0, 128.0, 127.8, 122.9, 120.3, 119.0 110.8, 109.9, 80.5, 69.7, 68.7, 67.7,
67.1, 66.8, 60.7, 55.8, 52.4, 52.4, 48.9, 43.1, 28.3, 20.8, 20.7, 20.6. HRMS-ESI(m/z):
[M+Na]" calcd. for C44Hs4N4NaO7", 933.3376, found, 933.3380.
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Purification by column chromatography afforded product in 25% yield (12.5 mg) as a
white solid (PE/EA/DCM = 1:2:1, Rf = 0.3). mp 68.9 - 69.3 °C. *H NMR (400 MHz,
Chloroform-d) & 8.19 (s, 1H), 8.05 (s, 1H), 7.64 (d, J = 7.4 Hz, 1H), 7.32 (s, 1H), 7.15
(t, J=7.2 Hz, 1H), 7.09 (t, J = 7.4 Hz, 1H), 7.03 (s, 1H), 6.51 (s, 1H), 6.45 (d, J = 8.2

46



Hz, 1H), 5.88 (d, J = 4.0 Hz, 1H), 5.24 (d, J = 7.4 Hz, 1H), 4.54 — 4.40 (m, 1H), 4.24
(t, J = 7.2 Hz, 1H), 3.82 (d, J = 7.0 Hz, 3H), 3.33 — 3.23 (m, 1H), 3.18 (dd, J = 14.6,
7.4 Hz, 1H), 1.77 (s, 2H), 1.40 (d, J = 11.0 Hz, 10H), 0.85 — 0.75 (m, 6H). 3C NMR
(100 MHz, Chloroform-d) § 172.4, 171.9, 169.5, 164.2, 155.6, 136.2, 130.6, 127.3,
123.2,122.2, 119.7, 118.8, 111.2, 109.6, 80.1, 58.6, 57.4, 55.1, 53.0, 36.9, 28.2, 28.2,
24.6, 15.2, 11.6, 11.3. HRMS-ESI(m/z): [M+Na]* calcd. for CasHssNsNaOg",
523.2526, found, 523.2526.
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Purification by column chromatography afforded product in 30% yield (19.0 mg) as a
colorless sticky oil (PE/EA/DCM = 1:2:1, Ry = 0.4). 'H NMR (400 MHz,
Chloroform-d) ¢ 8.06 (s, 1H), 7.99 (d, J=7.8 Hz, 1H), 7.73 — 7.66 (m, 1H), 7.63 (d, J
= 8.0 Hz, 1H), 7.49 (t, J= 7.8 Hz, 2H), 7.12 (m, 2H), 7.07 (d, J = 4.2 Hz, 2H), 6.55 (d,
J=28.0 Hz, 1H), 6.44 (s, 1H), 5.81 (s, 1H), 5.31 (s, 1H), 4.52 (s, 1H), 4.22 (s, 1H),
3.85-3.71 (m, 3H), 3.53 — 3.44 (m, 3H), 3.39 (d, /= 5.4 Hz, 1H), 3.24 (m, 1H), 1.79
(s, 1H), 1.67 (s, 2H), 1.43 (s, 9H), 0.79 (d, J = 7.6 Hz, 3H), 0.77 — 0.71 (m, 3H). 13C
NMR (150 MHz, Chloroform-d) 6 171.9, 169.5, 166.4, 164.1, 163.3, 155.6, 138.6,
137.4, 132.9, 131.4, 130.6, 128.7, 128.5, 128.0, 127.7, 127.6, 122.6, 120.2, 119.2,
109.8, 109.4, 80.2, 654, 58.7, 53.0, 52.3, 36.8, 28.3, 28.2, 24.7, 15.1, 11.3.
HRMS-ESI(m/z): [M+Na]" calcd. for C34H42N4sNaOs*, 657.2895, found, 657.2893.
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Purification by column chromatography afforded product in 63% yield (52.4 mg, d.r.
=1:1.1) as a colorless sticky oil (PE/EA/DCM = 1:1:1, R = 0.3). 'H NMR (400 MHz,
Chloroform-d) & 8.38 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.38 (d, J = 8.2 Hz, 1H), 7.22
(t, J = 7.4 Hz, 1H), 7.15 (t, J = 7.4 Hz, 1H), 7.08 (d, J = 9.4 Hz, 2H), 6.20 (d, J = 7.4
Hz, 1H), 5.41 (t, J = 3.0 Hz, 1H), 5.19 (m, 2H), 5.12 (d, J = 4.8 Hz, 1H), 4.61 (s, 1H),
451 — 4.32 (m, 2H), 4.29 (d, J = 11.6 Hz, 1H), 4.26 — 4.23 (m, 1H), 4.22 — 4.12 (m,
2H), 3.69 (s, 3H), 3.34 — 3.20 (M, 2H), 2.25 — 2.14 (m, 1H), 2.14 — 2.07 (m, 9H), 2.05
(s, 3H), 1.89 (m, 2H), 1.72 (s, 2H), 1.40 (s, 9H), 0.84 (t, J = 7.0 Hz, 3H), 0.74 (d, J =
6.8 Hz, 3H). *C NMR (150 MHz, Chloroform-d) § 172.3, 171.7, 171.1, 170.8, 170.1,
169.9, 169.8, 156.3, 136.4, 136.3, 127.2, 123.2, 122.5, 120.0, 118.8, 111.3, 109.9,
81.1, 69.5, 68.8, 67.9, 67.0, 61.0, 58.2, 55.8, 52.3, 48.7, 36.1, 29.7, 28.3, 27.4, 24.2,
20.8, 20.8, 20.7, 15.6, 11.7. HRMS-ESI(m/z): [M+Na]" calcd. for CaoHssNsNaOs1s",
855.3634, found, 855.3635.
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Purification by column chromatography afforded product in 52% yield (50.2 mg, d.r.
= 1:1.3) as a colorless sticky oil (PE/EA/DCM = 1:1:1, R¢= 0.4). "TH NMR (400 MHz,
Chloroform-d) 8 7.99 (t, J= 6.8 Hz, 1H), 7.74 — 7.63 (m, 2H), 7.50 (t, /= 6.8 Hz, 2H),
7.20 — 7.13 (m, 2H), 7.13 — 7.02 (m, 3H), 6.70 (d, J = 8.6 Hz, 1H), 5.44 — 5.33 (m,
1H), 5.27 — 5.14 (m, 2H), 5.13 — 5.01 (m, 1H), 4.78 (s, 1H), 4.64 (q, J = 6.6 Hz, 1H),
4.50 (d, J= 8.0 Hz, 1H), 4.39 — 4.24 (m, 2H), 4.21 — 4.08 (m, 1H), 3.96 (dd, J = 12.0,
4.0 Hz, 1H), 3.70 (s, 3H), 3.48 (s, 3H), 3.37 (m, 1H), 3.32 — 3.22 (m, 1H), 2.11 (d, J =
4.8 Hz, 9H), 2.08 (s, 3H), 2.04 (s, 2H), 1.95 (s, 1H), 1.72 (s, 2H), 1.41 (s, 9H), 0.79 (t,
J = 7.4 Hz, 3H), 0.74 (d, J = 7.8 Hz, 3H). 13C NMR (150 MHz, Chloroform-d) &
172.3, 171.7, 171.7, 170.5, 169.8, 169.6, 169.5, 166.6, 155.7, 138.7, 137.6, 132.9,
131.5, 128.6, 128.0, 127.7, 122.7, 122.6, 120.2, 119.3, 111.2, 109.8, 80.3, 70.7, 68.9,
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67.3, 66.4, 59.7, 58.0, 52.5, 52.3, 49.0, 37.1, 29.7, 28.3, 28.2, 24.8, 21.0, 20.9, 20.7,
20.7, 15.1, 11.4. HRMS-ESI(m/z): [M+Na]" calcd. for C4sHs:N4NaO17", 989.4002,
found, 989.3988.
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Purification by column chromatography afforded product in 32% yield (15.5 mg) as a
white solid (PE/EA/DCM = 1:1:1, R¢ = 0.3). mp 60.8 - 61.8 °C. 1H NMR (400 MHz,
Chloroform-d) & 8.22 (s, 1H), 8.09 (s, 1H), 7.65 (d, J = 7.8 Hz, 1H), 7.32 (d, J = 8.0
Hz, 1H), 7.16 (t, J = 7.4 Hz, 1H), 7.10 (t, J = 7.4 Hz, 1H), 7.04 (s, 1H), 6.64 — 6.45 (m,
2H), 5.90 (s, 1H), 5.27 (d, J = 7.2 Hz, 1H), 4.55 — 4.42 (m, 1H), 4.23 (t, J = 7.4 Hz,
1H), 3.84 (s, 3H), 3.29 (t, J = 10.4 Hz, 1H), 3.20 (dd, J = 14.8, 7.0 Hz, 1H), 2.13 —
1.96 (m, 1H), 1.43 (s, 9H), 0.84 (d, J = 6.8 Hz, 3H), 0.78 (d, J = 6.8 Hz, 3H). 13C
NMR (100 MHz, Chloroform-d) 6 172.1, 169.6, 169.6, 164.2, 155.6, 136.2, 130.7,
127.3, 123.2, 122.1, 119.7, 118.7, 111.2, 110.4, 109.7, 80.2, 59.3, 55.2, 53.0, 30.6,
28.2, 19.0, 17.1. HRMS-ESI(m/z): [M+Na]* calcd. for CzsHasNsNaOs*, 509.2371,
found, 509.2370.
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Purification by column chromatography afforded product in 22% yield (13.6 mg) as a
white solid (PE/EA/DCM = 1:1:1, R¢ = 0.4). mp 92.1 - 92.8 °C. H NMR (400 MHz,
Chloroform-d) & 8.07 (s, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.72 — 7.59 (m, 2H), 7.49 (t, J
= 7.6 Hz, 2H), 7.12 (m, 2H), 7.06 (s, 2H), 6.54 (d, J = 8.0 Hz, 1H), 6.44 (s, 1H), 5.81
(s, 1H), 5.30 (s, 1H), 4.52 (s, 1H), 4.17 (d, J = 8.8 Hz, 1H), 3.82 (s, 3H), 3.48 (d, J =
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6.6 Hz, 3H), 3.42 — 3.35 (m, 1H), 3.25 (dd, J = 14.6, 7.0 Hz, 1H), 2.05 (s, 1H), 1.43 (s,
9H), 0.77 (d, J = 7.8 Hz, 6H). 13C NMR (150 MHz, Chloroform-d) & 172.0, 169.5,
166.4, 164.1, 155.6, 138.7, 137.6, 132.9, 131.4, 130.6, 128.7, 128.5, 128.0, 127.6,
122.6, 120.1, 119.2, 109.8, 109.4, 80.2, 59.4, 53.0, 52.3, 30.4, 29.7, 28.3, 28.3, 19.0,
17.8. HRMS-ESI(m/z): [M+Na]* calcd. for Cs3HsNsNaOg*, 643.2738, found,
643.2735.
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Purification by column chromatography afforded product in 66% yield (54.0 mg, d.r.
= 1:2.6) as a white solid (PE/EA/DCM = 1:3:1, R = 0.4). mp 112.5 - 113.6 °C. 'H
NMR (400 MHz, Chloroform-d) & 8.55 (s, 1H), 7.65 (d, J = 7.8 Hz, 1H), 7.38 (d, J =
8.0 Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H), 7.12 (dd, J = 14.8, 7.4 Hz, 3H), 6.23 (d,J=7.6
Hz, 1H), 5.41 (t, J = 3.0 Hz, 1H), 5.20 (m, 3H), 4.62 (d, J = 8.2 Hz, 1H), 4.42 — 4.26
(m, 3H), 4.20 (t, J = 3.8 Hz, 1H), 4.17 (g, J = 4.2 Hz, 2H), 3.69 (s, 3H), 3.28 (d, J =
3.0 Hz, 2H), 2.33 — 2.22 (m, 1H), 2.19 (d, J = 11.8 Hz, 1H), 2.12 — 2.06 (m, 9H), 2.04
(s, 3H), 1.88 (d, J = 13.4 Hz, 1H), 1.40 (s, 9H), 0.79 (d, J = 6.8 Hz, 3H), 0.72 (d, J =
6.8 Hz, 3H). C NMR (150 MHz, Chloroform-d) 6 172.3, 171.8, 171.0, 170.0, 169.9,
169.7, 156.4, 136.4, 127.2, 123.3, 122.4, 119.9, 118.7, 111.3, 109.6, 81.1, 69.3, 68.7,
67.9, 67.1, 61.0, 58.5, 55.8, 52.3, 48.6, 29.4, 28.2, 27.3, 20.8, 20.7, 20.6, 19.1, 16.7.
HRMS-ESI(m/z): [M+Na]" calcd. for C3sHs4N4NaO1s", 841.3478, found, 841.3471.
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Purification by column chromatography afforded product in 75% yield (71.4 mg, d.r.
= 1:1.3) as a colorless sticky oil (PE/EA/DCM = 1:3:1, R¢= 0.5). "TH NMR (400 MHz,
Chloroform-d) ¢ 8.04 (d, J = 7.8 Hz, 1H), 7.73 — 7.62 (m, 2H), 7.53 (t, J = 8.8 Hz,
2H), 7.15 (q, J = 6.8, 5.4 Hz, 3H), 7.09 (d, J = 8.8 Hz, 2H), 6.23 (s, 1H), 5.41 (t, J =
3.2 Hz, 1H), 5.37 — 5.24 (m, 2H), 5.20 (dd, J = 8.2, 3.2 Hz, 1H), 4.65 (t, J = 9.0 Hz,
1H), 4.41 — 4.20 (m, 4H), 4.15 (m, 2H), 3.67 (s, 3H), 3.57 (s, 3H), 3.31 (s, 2H), 2.22
(d, J=13.8 Hz, 2H), 2.12 (d, J= 8.2 Hz, 9H), 2.03 (s, 3H), 1.92 (m, 1H), 1.40 (s, 9H),
0.95 — 0.36 (m, 6H). 3C NMR (150 MHz, Chloroform-d) & 172.5, 172.0, 171.1,
171.0, 170.1, 170.0, 169.7, 156.6, 138.7, 137.7, 133.1, 131.6, 128.8, 128.1, 128.0,
127.9, 123.0, 120.5, 119.3, 110.2, 109.9, 81.2, 68.6, 67.2, 61.2, 58.6, 55.7, 52.3, 52.2,
48.5, 29.7, 283, 20.8, 20.7, 16.5. HRMS-ESI(m/z): [M+Na]® calcd. for
C47Hs0N4NaO17", 975.3846, found, 975.3839.

P o
BocHN N ~
H
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Purification by column chromatography afforded product in 28% yield (15.0 mg) as a
colorless sticky oil (PE/EA = 2:1, Ry = 0.3). 'H NMR (400 MHz, Chloroform-d) &
8.21 (d, J=17.6 Hz, 1H), 8.01 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 7.8 Hz,
1H), 7.20 — 7.11 (m, 5H), 6.97 (s, 1H), 6.92 (s, 2H), 6.47 (s, 1H), 6.35 (d, J = 6.4 Hz,
1H), 5.87 (s, 1H), 5.14 (s, 1H), 4.59 (q, J = 7.2 Hz, 1H), 4.41 (m, 1H), 3.78 (s, 3H),
3.30 (s, 1H), 3.13 (m, 1H), 2.95 — 2.78 (m, 2H), 1.39 (s, 9H). 3C NMR (100 MHz,
Chloroform-d) 6 171.9, 169.2, 163.8, 155.4, 136.2, 135.9, 130.7, 129.1, 128.6, 127.3,
127.0, 123.3, 122.3, 119.7, 118.8, 111.3, 110.3, 109.8, 80.1, 55.0, 52.9, 37.6, 28.3,
28.2. HRMS-ESI(m/z): [M+Na]" caled. for Ca9H34N4NaOs", 557.2371, found,
557.2375.
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Purification by column chromatography afforded product in 17% yield (11.4 mg) as a
white solid (PE/EA = 2:1, Rf = 0.4). mp 70.2 - 72.1 °C. '"H NMR (400 MHz,
Chloroform-d) 6 8.07 — 7.97 (m, 2H), 7.77 — 7.70 (m, 1H), 7.65 (t, J = 7.6 Hz, 1H),
7.53 —7.44 (m, 2H), 7.18 — 7.12 (m, 5H), 7.09 — 7.05 (m, 1H), 7.00 (s, 1H), 6.95 (d, J
= 6.0 Hz, 2H), 6.41 (d, J= 7.4 Hz, 2H), 5.79 (s, 1H), 5.32 (s, 1H), 4.53 (m, 2H), 3.76
(s, 3H), 3.51 (s, 3H), 3.41 (s, 1H), 3.14 (m, 1H), 2.86 (d, J = 8.2 Hz, 2H), 1.41 (d, J =
6.6 Hz, 9H). 3C NMR (100 MHz, Chloroform-d) 6 171.9, 169.1, 166.2, 163.7, 155.3,
138.7, 137.6, 136.1, 133.0, 131.5, 130.7, 129.1, 128.7, 128.6, 128.3, 128.0, 128.0,
127.7, 126.9, 122.7, 120.2, 119.3, 111.0, 109.9, 109.4, 80.1, 55.4, 54.8, 52.8, 52.4,
37.3, 28.2. HRMS-ESI(m/z): [M+Na]" calcd. for C37H4N4NaOs", 691.2738, found,
691.2737.
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Purification by column chromatography afforded product in 58% yield (50.2 mg, d.r.
= 1:1.5) as a colorless sticky oil (PE/EA = 1:1, Rf = 0.3). 'H NMR (400 MHz,
Chloroform-d) & 8.47 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.22
—7.12 (m, 5H), 7.04 (s, 1H), 6.97 (d, J = 5.8 Hz, 2H), 6.83 (d, J = 7.6 Hz, 1H), 6.28
(d, J=7.6 Hz, 1H), 5.37 (g, J = 6.8, 5.4 Hz, 1H), 5.21 — 5.05 (m, 3H), 4.71 — 4.50 (m,
3H), 4.45 — 4.34 (m, 1H), 4.26 (dd, J = 9.4, 5.0 Hz, 1H), 4.09 (m, 1H), 3.95 (dd, J =
12.0, 4.2 Hz, 1H), 3.70 (s, 3H), 3.29 — 3.10 (m, 2H), 2.93 (t, J = 7.4 Hz, 2H), 2.12 (s,
3H), 2.09 (s, 3H), 2.07 (s, 3H), 2.01 (d, J = 7.8 Hz, 3H), 1.99 — 1.90 (m, 2H), 1.40 (s,

52



9H). 13C NMR (150 MHz, Chloroform-d) & 171.6, 171.4, 171.4, 170.3, 169.9, 169.9,
169.7, 155.3, 136.3, 136.2, 129.2, 128.6, 127.0, 123.4, 119.7, 119.0, 111.3, 110.4,
80.9, 80.9, 80.0, 68.8, 67.5, 66.7, 60.1, 55.1, 54.4, 52.6, 49.0, 41.4, 37.9, 31.9, 29.7,
28.3, 21.0, 20.8, 20.7, 20.6. HRMS-ESI(m/z): [M+Na]" calcd. for C43Hs4N4sNaO1s",
889.3478, found, 889.3488.
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Purification by column chromatography afforded product in 50% yield (50.0 mg, d.r.
= 1:1) as a colorless sticky oil (PE/EA = 1:1, Rf = 0.4). 'H NMR (400 MHz,
Chloroform-d) & 8.01 (d, J = 7.8 Hz, 1H), 7.77 — 7.70 (m, 1H), 7.66 (t, J = 7.8 Hz,
1H), 7.55 — 7.44 (m, 2H), 7.14 (m, 6H), 7.01 (s, 2H), 6.92 (s, 2H), 6.54 (d, J = 7.2 Hz,
1H), 5.36 (t, J = 3.8 Hz, 1H), 5.16 (d, J = 3.0 Hz, 1H), 5.14 (d, J = 3.0 Hz, 1H), 5.11
(s, 1H), 4.68 — 4.57 (m, 2H), 4.55 (dd, J = 7.4, 3.4 Hz, 1H), 4.45 (d, J = 6.2 Hz, 1H),
4.29 (g, J = 4.2 Hz, 1H), 4.09 (m, 1H), 3.98 (dd, J = 11.8, 4.4 Hz, 1H), 3.68 (s, 3H),
3.51 (s, 3H), 3.33 (s, 1H), 3.22 — 3.10 (m, 1H), 2.94 (s, 1H), 2.87 (s, 1H), 2.09 (d, J =
2.6 Hz, 12H), 2.03 (s, 1H), 1.94 (m, 1H), 1.36 (s, 9H). *C NMR (150 MHz,
Chloroform-d) 6 171.6, 171.3, 170.2, 169.9, 169.6, 169.6, 138.6, 137.6, 136.4, 133.0,
131.5, 129.3, 128.6, 128.5, 128.1, 127.7, 126.9, 122.8, 120.2, 119.4, 111.1, 109.9,
80.9, 80.2, 68.6, 67.4, 66.7, 60.1, 54.4, 52.5, 52.4, 49.0, 28.2, 29.7, 21.0, 20.9, 20.8,
20.7. HRMS-ESI(m/z): [M+Na]* calcd. for CsiHeoNsNaO17*, 1023.3846, found,
1023.3855.
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Purification by column chromatography afforded product in 27% yield (14.0 mg) as a
colorless sticky oil (PE/EA/DCM = 1:1:1, Rf = 0.3). 'TH NMR (400 MHz,
Chloroform-d) ¢ 8.47 (s, 1H), 8.27 (s, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.33 (d, J = 8.0
Hz, 1H), 7.17 (t, J = 7.6 Hz, 1H), 7.11 (t, J = 7.4 Hz, 1H), 7.03 (d, J = 2.4 Hz, 1H),
6.65 (d,J=7.6 Hz, 1H), 6.48 (s, 1H), 5.91 (s, 1H), 5.23 (s, 1H), 4.52 (m, 2H), 3.84 (s,
3H), 3.26 (m, 2H), 2.42 — 2.21 (m, 2H), 1.99 (s, 3H), 1.95 — 1.74 (m, 2H), 1.42 (s, 9H).
13C NMR (150 MHz, Chloroform-d)  172.2, 169.4, 164.0, 155.5, 136.3, 131.0, 127.3,
123.2,122.3,119.8, 118.8, 111.3, 110.3, 109.9, 80.3, 55.2, 53.0, 53.0, 40.1, 30.5, 29.7,
28.3, 28.2, 15.0. HRMS-ESI(m/z): [M+Na]" calcd. for C2sH34N4sNaOsS™, 541.2091,
found, 541.2093.

oL gf
Purification by column chromatography afforded product in 23% yield (15.0 mg) as a
colorless sticky oil (PE/EA/DCM = 1:1:1, Rf = 0.4). '"H NMR (400 MHz,
Chloroform-d) 6 8.48 (s, 1H), 8.02 (d, J= 7.4 Hz, 1H), 7.79 — 7.60 (m, 2H), 7.50 (t, J
=7.6 Hz, 2H), 7.14 (dd, J = 6.0, 3.4 Hz, 2H), 7.06 (d, /= 6.0 Hz, 2H), 6.58 (d,/=7.4
Hz, 1H), 6.39 (s, 1H), 5.82 (d, J= 7.2 Hz, 1H), 5.38 (s, 1H), 4.51 (s, 2H), 3.82 (s, 3H),
3.53 (s, 3H), 3.46 (s, 1H), 3.24 — 3.12 (m, 1H), 2.27 (s, 2H), 1.94 (s, 3H), 1.67 (s, 2H),
1.43 (d, J = 3.4 Hz, 9H). 3C NMR (150 MHz, Chloroform-d) § 172.2, 169.3, 166.1,
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164.0, 155.5, 138.8, 133.0, 131.6, 130.9, 128.8, 128.3, 128.1, 128.0, 127.8, 122.8,
120.2, 119.2, 109.9, 109.6, 80.2, 55.0, 53.1, 53.0, 52.4, 30.2, 29.8, 29.7, 28.3, 28.2,
15.0. HRMS-ESI(m/z): [M+Na]" calcd. for C33H4NsNaOsS*, 675.2459, found,
675.2455.
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Purification by column chromatography afforded product in 61% yield (51.8 mg, d.r.
=1:1.7) as a colorless sticky oil (PE/EA/DCM = 1:3:1, Rt = 0.3). *H NMR (400 MHz,
Chloroform-d) & 8.39 (s, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.37 (t, J = 8.8 Hz, 2H), 7.25 —
7.18 (m, 2H), 7.17 — 7.09 (m, 2H), 5.41 (t, J = 3.2 Hz, 1H), 5.21 (m, 2H), 5.08 (d, J =
4.6 Hz, 1H), 4.62 (t, J = 8.6 Hz, 1H), 4.50 (g, J = 6.2 Hz, 1H), 4.32 (m, 3H), 4.19 (m,
2H), 3.67 (s, 3H), 3.38 — 3.31 (m, 1H), 3.21 (m, 1H), 2.38 (dd, J = 9.2, 5.0 Hz, 1H),
2.33-2.17 (m, 2H), 2.13 — 2.08 (m, 9H), 2.06 (s, 3H), 1.94 (g, J = 12.8 Hz, 2H), 1.79
(s, 3H), 1.70 (dd, J = 9.6, 4.8 Hz, 1H), 1.39 (s, 9H). ¥C NMR (150 MHz,
Chloroform-d) 6 172.2, 172.0, 171.0, 171.0, 170.1, 170.0, 169.7, 156.4, 136.5, 127.3,
123.3, 122.6, 120.0, 119.0, 111.4, 109.9, 81.1, 69.4, 68.7, 68.0, 67.1, 61.0, 55.6, 53.5,
52.4, 48.7, 29.6, 28.4, 28.1, 27.4, 20.8, 20.8, 20.8, 20.7, 14.4. HRMS-ESI(m/z):
[M+Na]" calcd. for CagHs4aN4NaO15S*, 873.3199, found, 873.3197.
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Purification by column chromatography afforded product in 34% yield (33.4mg, d.r. =
1:2) as a colorless sticky oil (PE/EA/DCM = 1:3:1, Rf = 0.4). 'H NMR (600 MHz,

Chloroform-d) 8.05 (d, J = 7.8 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.64 (d, J = 7.6 Hz,
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1H), 7.52 (m, 3H), 7.31 (d, J = 8.0 Hz, 1H), 7.17 (d, J = 4.4 Hz, 1H), 7.14 (d, J = 10.2
Hz, 2H), 7.10 (s, 1H), 5.42 (d, J = 3.6 Hz, 1H), 5.26 (dd, J = 8.4, 4.2 Hz, 1H), 5.21
(dd, J = 8.2, 3.0 Hz, 1H), 5.19 — 5.07 (m, 1H), 4.68 — 4.61 (m, 1H), 4.48 (d, J = 5.8
Hz, 1H), 4.32 (d, J = 6.6 Hz, 2H), 4.25 (dd, J=11.6, 4.4 Hz, 1H), 4.17 (m, 1H), 3.70
(d,J=5.3 Hz, 1H), 3.66 (s, 3H), 3.54 (d, J = 7.8 Hz, 1H), 3.47 (s, 2H), 3.32 — 3.13 (m,
2H), 2.24 (t, J = 14.0 Hz, 2H), 2.12 (d, J = 5.6 Hz, 6H), 2.10 (s, 6H), 2.05 (s, 3H),
196 (d, J = 13.0 Hz, 2H), 1.84 (s, 2H), 1.40 (s, 9H). 3C NMR (150 MHz,
Chloroform-d) & 172.3, 171.1, 171.0, 170.1, 169.6, 156.6, 138.6, 137.7, 133.1, 131.7,
128.6, 127.9, 127.8, 123.0, 120.3, 119.5, 110.3, 110.0, 110.0, 81.0, 69.2, 68.6, 68.0,
67.1, 61.0, 55.3, 53.7, 52.4, 52.3, 48.6, 29.7, 28.4, 28.3, 20.8, 20.8, 20.8, 20.7, 14.1.
HRMS-ESI(m/z): [M+Na]® calcd. for Ca47HeNsNaO7S*, 1007.3566, found,
1007.3562.
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Purification by column chromatography afforded product in 23% yield (11.1 mg) as a
colorless sticky oil (PE/EA/DCM = 1:2:1, Rf = 0.3). 'H NMR (400 MHz,
Chloroform-d) § 9.23 (s, 1H), 8.16 (s, 1H), 7.66 (d, J = 7.8 Hz, 1H), 7.31 (d, J = 8.2
Hz, 1H), 7.16 (t, J = 7.4 Hz, 1H), 7.10 (t, J = 7.4 Hz, 1H), 6.90 (d, J = 2.4 Hz, 1H),
6.56 (s, 1H), 5.92 (s, 1H), 5.47 (d, J = 8.6 Hz, 1H), 4.77 (t, J = 7.6 Hz, 1H), 4.69 —
4.60 (m, 1H), 3.84 (s, 3H), 3.45 (q, J = 8.4 Hz, 1H), 3.19 (d, J = 6.8 Hz, 2H), 2.87 (m,
1H), 2.31 (s, 1H), 1.81 (g, J = 7.8, 6.4 Hz, 3H), 1.42 (s, 9H). 3C NMR (150 MHz,
Chloroform-d) 6 172.8, 169.5, 164.1, 155.2, 136.0, 131.5, 127.5, 123.2, 122.0, 119.6,
118.5, 111.1, 109.9, 109.1, 79.6, 60.5, 52.9, 52.4, 47.2, 29.2, 28.3, 26.6, 25.0.
HRMS-ESI(m/z): [M+Na]" calcd. for C2sH32N4NaOe*, 507.2214, found, 507.2223.
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Purification by column chromatography afforded product in 35% yield (21.6 mg) as a
colorless sticky oil (PE/EA/DCM=1:2:1, R¢=0.4). '"H NMR (400 MHz, Chloroform-d)
0 8.41 (s, 1H), 7.99 (m, 1H), 7.68 (q, J = 8.2, 7.6 Hz, 2H), 7.47 (m, 2H), 7.20 — 7.05
(m, 4H), 6.54 (s, 1H), 5.86 (s, 1H), 5.46 — 5.33 (m, 1H), 4.57 (s, 1H), 4.51 — 4.41 (m,
1H), 3.84 (s, 3H), 3.70 — 3.63 (m, 1H), 3.61 (s, 1H), 3.47 (s, 3H), 3.25 (d, /= 7.4 Hz,
2H), 1.64 (s, 4H), 1.41 (d, J = 8.2 Hz, 9H). 3C NMR (150 MHz, Chloroform-d) &
172.9, 169.4, 164.1, 155.2, 137.3, 132.9, 131.2, 130.9, 128.6, 128.3, 127.8, 127.4,
122.5, 122.5, 120.1, 118.8, 118.7, 110.8, 109.8, 108.9, 79.7, 65.2, 60.6, 52.8, 52.3,
52.1, 473, 41.1, 29.7, 28.3, 24.9. HRMS-ESI(m/z): [M+Na]" caled. For
C33H3sN4NaOs', 641.2582, found, 641.2583.
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Purification by column chromatography afforded product in 53% yield (43.2 mg, d.r.
= 1:1.5) as a colorless sticky oil (PE/EA/DCM = 1:3:1, R¢= 0.3). "TH NMR (400 MHz,
Chloroform-d) ¢ 8.54 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.40 (d, J= 7.8 Hz, 1H), 7.33
(d, J=8.2 Hz, 1H), 7.17 (t, /= 7.6 Hz, 1H), 7.14 — 7.08 (m, 2H), 5.40 (d, J = 4.0 Hz,
1H), 5.31 (d, J = 8.0 Hz, 1H), 5.13 (s, 2H), 4.78 (t, /= 7.0 Hz, 1H), 4.53 (d, J=17.6
Hz, 2H), 4.38 (d, J = 8.4 Hz, 1H), 4.26 (d, J = 11.2 Hz, 1H), 4.14 (m, 1H), 4.04 (dd, J
=11.8, 4.2 Hz, 1H), 3.74 (s, 3H), 3.52 (q, J = 8.0 Hz, 1H), 3.28 (m, 1H), 3.23 —3.10
(m, 2H), 2.16 — 2.02 (m, 12H), 1.96 (s, 4H), 1.85 (m, 2H), 1.42 (s, 9H). 13C NMR

(150 MHz, Chloroform-d) 6 172.1, 172.0, 171.4, 171.1, 170.2, 169.9, 169.8, 155.2,
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136.1, 127.8, 123.7, 122.0, 119.6, 118.7, 111.3, 109.8, 79.7, 70.3, 69.0, 67.9, 66.8,
60.8, 60.1, 52.8, 52.5, 49.5, 47.5, 28.4, 27.5, 25.1, 20.9, 20.9, 20.6, 20.6.
HRMS-ESI(m/z): [M+Na]" calcd. for C390Hs2N4NaOjs', 839.3321, found, 839.3316.

BocHN
AcO OAc 0 \ N
c o N \
AcO O
AcO NH
COOMe 7g'

Purification by column chromatography afforded product in 43% yield (40.8 mg, d.r.
=1:2.5) as a colorless sticky oil (PE/EA/DCM = 1:3:1, Rt = 0.4). 'H NMR (400 MHz,
Chloroform-d) & 8.06 — 7.92 (m, 1H), 7.79 — 7.60 (m, 2H), 7.60 — 7.37 (m, 3H), 7.21 —
7.01 (m, 3H), 5.50 — 5.32 (m, 2H), 5.15 (d, J = 13.4 Hz, 2H), 4.85 — 4.71 (m, 1H),
4.68 — 4.52 (m, 2H), 4.47 — 4.25 (m, 2H), 4.12 (q, J = 7.2 Hz, 2H), 4.07 — 3.95 (m,
1H), 3.70 (s, 3H), 3.63 (d, J = 6.0 Hz, 1H), 3.60 (s, 1H), 3.44 (d, J = 12.8 Hz, 3H),
3.34 - 3.09 (M, 2H), 2.19 — 2.04 (m, 12H), 2.03 — 1.96 (m, 4H), 1.91 (q, J = 11.6, 9.4
Hz, 2H), 1.44 — 1.32 (m, 9H). 3C NMR (150 MHz, Chloroform-d) § 172.3, 171.8,
1715, 171.3, 169.9, 169.7, 166.9, 155.4, 138.7, 137.4, 132.8, 131.3, 128.6, 128.5,
127.9, 127.3, 122.4, 120.0, 119.4, 119.0, 109.9, 109.8, 79.5, 68.6, 67.6, 66.6, 64.7,
60.3, 60.1, 52.5, 52.2, 49.4, 47.5, 41.4, 29.7, 28.4, 28.3, 25.3, 21.0, 20.9, 20.8, 20.6.
HRMS-ESI(m/z): [M+Na]* calcd. for C47HssN4NaO17*, 973.3689, found, 973.3685.
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Purification by column chromatography afforded product in 38% yield (21.1 mg) as a

6h

colorless sticky oil (PE/EA/DCM=1:2:1, R¢=0.3). '"H NMR (400 MHz, Chloroform-d)
5 8.52 (d, 14.0 Hz, 2H), 7.68 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 7.17 (m,

2H), 7.12 — 6.96 (m, 2H), 6.57 (s, 1H), 5.88 (s, 1H), 5.38 (s, 1H), 4.81 (q, J = 7.4 Hz,
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1H), 4.55 (dd, J = 8.2, 3.6 Hz, 1H), 4.47 (q, J = 6.8, 5.8 Hz, 1H), 3.83 (d, J = 10.0 Hz,
3H), 3.50 (m, 1H), 3.39 — 3.29 (m, 1H), 3.19 (d, J = 7.4 Hz, 2H), 1.98 — 1.73 (m, 4H),
1.40 (s, 9H), 1.28 (s, 3H). 3C NMR (150 MHz, Chloroform-d) 5 171.6, 171.1, 164.3,
156.2, 136.1, 131.1, 127.5, 123.4, 122.1, 119.7, 118.6, 111.4, 109.9, 109.7, 80.5, 60.1,
53.0, 52.8,49.9, 47.5, 28.4, 28.3, 27.9, 25.0, 17.2. HRMS-ESI(m/z): [M+Na]" calcd.
for CosH37N5NaO7", 578.2585, found, 578.2590.

2

BocHN

O,, n

6h'

Purification by column chromatography afforded product in 25% yield (17.2 mg) as a
colorless sticky oil (PE/EA/DCM=1:2:1, Rf=0.4). "TH NMR (400 MHz, Chloroform-d)
07.95(,J="7.8Hz 1H), 7.72 (s, 1H), 7.61 (t, J = 7.8 Hz, 1H), 7.46 (t, J = 7.6 Hz,
1H), 7.34 (d, J="7.8 Hz, 1H), 7.13 (dd, J = 6.0, 3.2 Hz, 2H), 7.09 — 6.92 (m, 2H), 6.34
(s, 1H), 5.65 (s, 1H), 5.45 (d, J = 8.6 Hz, 1H), 4.85 (q, J = 7.6 Hz, 1H), 4.68 (d, J =
6.8 Hz, 1H), 4.47 — 4.28 (m, 1H), 3.77 (s, 3H), 3.68 (m, 1H), 3.58 (s, 1H), 3.42 (d, J =
4.8 Hz, 3H), 3.26 (s, 2H), 2.35 (d, /= 9.0 Hz, 1H), 1.81 (s, 3H), 1.64 (s, 2H), 1.44 (s,
9H), 1.26 (s, 3H). '3C NMR (150 MHz, Chloroform-d) § 172.7, 171.1, 166.3, 164.3,
155.3, 137.4, 133.2, 133.0, 131.4, 131.2, 130.9, 128.9, 128.6, 127.9, 127.7, 122.9,
122.7, 120.2, 119.4, 109.9, 108.9, 79.8, 54.6, 52.9, 52.8, 52.3, 47.6, 29.7, 28.3, 28.3,
25.2, 21.8, 16.9. HRMS-ESI(m/z): [M+Na]" caled. for C36H43NsNaOo®, 712.2953,
found, 712.2958.
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Purification by column chromatography afforded product in 57% yield (50.6 mg, d.r.
= 1:4) as a colorless sticky oil (EA, R¢= 0.3). "TH NMR (400 MHz, Chloroform-d) &
8.63 (s, 1H), 7.72 (t, J = 7.8 Hz, 1H), 7.37 (t, J = 7.0 Hz, 1H), 7.25 — 7.12 (m, 3H),
5.79 (m, 1H), 5.48 — 5.37 (m, 2H), 5.30 — 5.15 (m, 2H), 4.90 (m, 1H), 4.74 — 4.60 (m,
1H), 4.52 — 4.30 (m, 4H), 4.20 (m, 2H), 3.98 (dd, /= 11.8, 5.0 Hz, 1H), 3.76 (d, J =
8.8 Hz, 3H), 3.68 (m, 1H), 3.22 (m, 2H), 3.01 (d, J = 8.8 Hz, 1H), 2.33 — 2.19 (m, 2H),
2.10 (d, J = 6.0 Hz, 9H), 2.06 (d, J = 4.6 Hz, 3H), 1.88 (dd, J = 12.8, 6.4 Hz, 2H),
1.76 (d, J = 7.6 Hz, 2H), 1.44 (s, 9H), 1.26 (s, 3H). '3C NMR (150 MHz,
Chloroform-d) 6 172.9, 172.5, 172.2, 171.8, 171.5, 171.0, 170.0, 169.8, 155.4, 136.4,
127.4,123.6, 122.2, 119.7, 118.7, 111.3, 79.8, 69.6, 68.9, 68.1, 67.0, 61.6, 60.7, 60.3,
52.6, 49.1, 48.7, 47.5, 29.7, 28.9, 28.4, 28.3, 25.0, 20.9, 20.8, 20.8, 20.7, 16.9.

HRMS-ESI(m/z): [M+Na]" caled. for C42Hs7NsNaOi6*, 910.3693, found, 910.3704.
BocHN
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Purification by column chromatography afforded product in 52% yield (53.1 mg, d.r.
= 1:2) as a white solid (EA, R = 0.4). mp 101.4 - 102.5 °C. 'H NMR (400 MHz,
Chloroform-d) § 7.93 (s, 1H), 7.83 (d, J = 7.6 Hz, 1H), 7.66 (t, J = 7.8 Hz, 1H), 7.58
(s, 1H), 7.49 (d, J = 7.6 Hz, 1H), 7.46 — 7.37 (m, 2H), 7.18 (p, J = 7.0 Hz, 2H), 7.01
(d, J = 8.0 Hz, 1H), 6.24 (s, 1H), 5.81 (s, 1H), 5.44 (t, J = 3.8 Hz, 1H), 5.30 (dd, J =
6.4, 3.4 Hz, 1H), 5.25 — 5.09 (m, 2H), 4.66 (m, 1H), 4.44 (d, J = 11.0 Hz, 1H), 4.37 —
4.28 (m, 2H), 4.28 — 4.20 (m, 2H), 4.08 (s, 1H), 3.75 (s, 3H), 3.65 (s, 1H), 3.56 (s,
3H), 3.49 (s, 1H), 3.35 (d, J = 14.2 Hz, 1H), 3.21 (t, J = 12.4 Hz, 1H), 2.48 (s, 1H),
2.38 — 2.16 (M, 2H), 2.14 (d, J = 2.4 Hz, 6H), 2.08 (d, J = 13.6 Hz, 6H), 1.90 (s, 1H),
1.73 (s, 2H), 1.49 (s, 9H), 1.27 (d, J = 12.2 Hz, 3H). 3C NMR (150 MHz,
Chloroform-d) 6 174.0, 173.2, 172.2, 171.4, 171.1, 170.1, 170.0, 169.9, 166.8, 155.5,
138.4, 137.8, 133.7, 129.9, 129.2, 128.6, 128.4, 128.0, 126.6, 122.9, 120.6, 119.4,
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111.8, 109.4, 79.9, 70.5, 70.0, 68.5, 66.8, 66.2, 63.5, 60.5, 52.3, 52.3, 49.0, 48.6, 47.9,
29.7, 28.4, 25.0, 21.0, 20.9, 20.8, 20.7, 15.8. HRMS-ESI(m/z): [M+Na]" calcd. for
CsoHes3NsNaO1s*, 1044.4060, found, 1044.4072.

H&\(
BocHN [ H
hetq

Purification by column chromatography afforded product in 47% yield (28.1 mg) as a

colorless sticky oil (PE/EA/DCM=1:2:1, R¢=0.3). 'H NMR (400 MHz, Chloroform-d)
0 8.53 — 8.34 (m, 2H), 7.68 (d, J = 7.6 Hz, 1H), 7.35 (d, /= 8.0 Hz, 1H), 7.23 — 7.02

(m, 4H), 6.63 (s, 1H), 5.93 (s, 1H), 5.38 (m, 1H), 4.80 (q, J = 7.4 Hz, 1H), 4.61 (dd, J
=7.6, 3.4 Hz, 1H), 4.30 (m, 1H), 3.81 (s, 3H), 3.56 (m, 1H), 3.46 — 3.29 (m, 1H), 3.23

—2.97 (m, 3H), 2.27 — 2.16 (m, 1H), 2.04 — 1.95 (m, 1H), 1.87 (m, 4H), 1.40 (s, 9H),

0.92 (m, 6H). 3C NMR (150 MHz, Chloroform-d) & 172.7, 171.7, 170.1, 164.3,

155.3, 136.1, 131.4, 130.8, 127.6, 123.4, 122.1, 119.6, 118.5, 111.3, 110.1, 109.6, 79.7,
60.2, 59.1, 54.6, 53.0, 52.8, 47.5, 36.5, 28.3, 28.2, 25.1, 24.7, 15.7, 11.3.

HRMS-ESI(m/z): [M+Na]" calcd. for C31H43NsNaO7", 620.3055, found, 620.3058.

o,

Purification by column chromatography afforded product in 37% yield (27.0 mg) as a
colorless sticky oil (PE/EA/DCM=1:2:1, R¢=0.4). '"H NMR (400 MHz, Chloroform-d)
0 8.21 (s, 1H), 7.98 (t, J= 7.4 Hz, 1H), 7.68 (m, 2H), 7.50 (q, J = 8.2 Hz, 2H), 7.40 (t,
J=10.2 Hz, 1H), 7.21 — 7.04 (m, 4H), 6.58 (s, 1H), 5.86 (s, 1H), 5.40 (m, 1H), 4.63 (t,
J=4.8Hz, 1H), 4.37 — 4.22 (m, 1H), 3.77 (m, 4H), 3.67 — 3.55 (m, 2H), 3.45 (s, 3H),
3.35-3.12 (m, 3H), 2.35 - 2.06 (m, 1H), 2.05 — 1.84 (m, 3H), 1.43 (s, 2H), 1.38 (d, J
= 3.0 Hz, 9H), 0.87 (m, 6H). 3C NMR (150 MHz, Chloroform-d) & 172.8, 171.3,
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169.9, 166.4, 164.4, 155.3, 138.6, 137.4, 133.2, 131.3, 130.6, 128.6, 128.6, 127.9,
127.5, 122.6, 120.2, 119.4, 109.9, 109.3, 79.7, 59.0, 53.0, 52.2, 47.6, 36.8, 28.3, 28.2,
25.3, 24.8, 21.8, 15.9, 11.2. HRMS-ESI(m/z): [M+Na]" calcd. for C39H49NsNaOo",
754.3422, found, 754.3424.
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Purification by column chromatography afforded product in 51% yield (47.4 mg, d.r.
=1:2.6) as a colorless sticky oil (PE/EA/DCM = 1:1:1, R = 0.3). *H NMR (400 MHz,
Chloroform-d) & 8.57 (s, 1H), 7.70 (dd, J = 11.6, 7.8 Hz, 1H), 7.37 (d, J = 7.8 Hz, 1H),
7.19 (dd, J = 7.8, 4.2 Hz, 1H), 7.15 (d, J = 6.6 Hz, 2H), 7.12 — 7.09 (m, 1H), 6.30 (d, J
= 8.2 Hz, 1H), 5.42 (h, J = 5.0 Hz, 2H), 5.28 — 5.23 (m, 1H), 5.22 — 5.16 (m, 1H),
4.87 (q, J = 7.6 Hz, 1H), 4.77 — 4.66 (m, 1H), 4.62 (m, 1H), 4.49 — 4.34 (m, 2H), 4.28
(t, J = 7.0 Hz, 1H), 4.23 — 4.13 (m, 2H), 3.75 (d, J = 11.6 Hz, 3H), 3.69 (s, 1H), 3.66 —
3.50 (m, 1H), 3.31 (m, 1H), 3.23 — 3.06 (m, 3H), 2.31 — 2.17 (m, 2H), 2.11 — 2.07 (m,
12H), 2.04 — 1.91 (m, 5H), 1.41 (s, 9H), 0.90 (d, J = 6.8 Hz, 3H), 0.81 (d, J = 7.0 Hz,
3H). C NMR (150 MHz, Chloroform-d) 6 173.2, 172.5, 171.8, 171.4, 171.1, 170.7,
170.0, 169.8, 155.4, 136.2, 127.5, 123.4, 122.3, 119.7, 119.0, 118.6, 111.4, 109.9,
80.8, 80.0, 69.8, 68.9, 68.0, 66.9, 61.4, 60.8, 58.1, 52.6, 49.1, 47.7, 35.7, 29.7, 29.3,
28.8, 28.3, 25.1, 24.6, 20.9, 20.8, 20.8, 20.7, 15.8, 11.4. HRMS-ESI(m/z): [M+Na]"
calcd. for C4sHs3NsNaO16", 952.4162, found, 952.4177.
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Purification by column chromatography afforded product in 68% yield (72.3 mg, d.r.
= 1:1.2) as a colorless sticky oil (PE/EA/DCM = 1:1:1, R¢= 0.4). "TH NMR (400 MHz,
Chloroform-d) 6 7.98 (m, 1H), 7.76 (s, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.54 (m, 1H),
7.47 (m, 2H), 7.24 (s, 1H), 7.20 — 7.14 (m, 2H), 7.09 (m, 2H), 5.63 — 5.37 (m, 2H),
5.32-5.13 (m, 2H), 4.89 (d, J=7.8 Hz, 1H), 4.63 (m, 1H), 4.36 (m, 3H), 4.26 —4.15
(m, 2H), 4.09 (d, J=7.6 Hz, 1H), 3.73 (s, 3H), 3.67 (d, /= 4.2 Hz, 2H), 3.52 (s, 3H),
3.38 = 3.06 (m, 3H), 2.27 — 2.13 (m, 3H), 2.10 (d, J = 5.0 Hz, 12H), 2.05 — 1.89 (m,
5H), 1.42 (d, J = 13.0 Hz, 9H), 0.95 — 0.74 (m, 6H). ¥C NMR (150 MHz,
Chloroform-d) 6 173.4, 172.5, 171.4, 171.0, 170.0, 169.8, 169.7, 166.5, 155.5, 138.5,
137.6, 133.0, 131.2, 128.9, 128.7, 128.2, 127.8, 127.7, 127.3, 122.8, 120.3 111.2,
109.8, 79.8, 69.9, 69.1, 68.0, 66.8, 60.6, 57.8, 53.0, 52.3, 52.2, 48.9, 47.8, 35.9, 29.7,
29.3, 28.3, 28.2, 25.2, 24.5, 20.8, 20.8,, 20.7, 15.7, 11.5. HRMS-ESI(m/z): [M+Na]"
caled. for Cs3HeoNsNaOjs”, 1086.4530, found, 1086.4528.

SRy

BocHN
Purification by column chromatography afforded product in 21% yield (13.3 mg) as a

,,,/O

6j

colorless sticky oil (PE/EA/DCM=1:2:1, R¢=0.3). 'H NMR (400 MHz, Chloroform-d)
0 8.54 (s, 1H), 8.36 — 8.25 (m, 1H), 7.47 (m, 1H), 7.32 (d, /= 8.0 Hz, 1H), 7.23 (d, J
= 7.0 Hz, 2H), 7.14 (m, 4H), 7.06 (t, J = 7.6 Hz, 1H), 6.69 (s, 1H), 6.61 (d, J=12.0
Hz, 1H), 5.97 (d, J = 6.6 Hz, 1H), 5.86 (s, 1H), 5.27 (m, 1H), 4.58 (m, 1H), 4.52 (q, J
=6.8, 5.6 Hz, 1H), 4.38 (m, 1H), 3.83 (s, 3H), 3.59 (m, 1H), 3.46 — 3.27 (m, 1H), 3.14
(m, 2H), 3.07 — 2.93 (m, 1H), 2.88 (m, 1H), 1.84 — 1.61 (m, 4H), 1.43 (d, /= 4.6 Hz,
9H). 3C NMR (150 MHz, Chloroform-d) 8 172.2, 171.2, 169.9, 164.5, 156.5, 137.6,
136.1, 130.8, 128.9, 128.5, 126.7, 123.5, 122.6, 119.9, 118.9, 111.2, 110.1, 108.9, 80.6,
60.2, 56.7, 54.9, 52.8, 46.6, 36.4, 29.7, 29.5, 28.3, 21.1. HRMS-ESI(m/z): [M+Na]"
calcd. for C34H41NsNaO7", 654.2898, found, 654.2915.
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Purification by column chromatography afforded product in 36% yield (27.5 mg) as a

6J°

colorless sticky oil (PE/EA/DCM=1:2:1, R¢=0.4). '"H NMR (400 MHz, Chloroform-d)
5 8.53 (s, 1H), 8.07 (s, 1H), 7.96 (m, 1H), 7.77 — 7.60 (m, 2H), 7.51 (m, 2H), 7.39 (s,
1H), 7.23 (d, J = 7.2 Hz, 2H), 7.20 (s, 2H), 7.18 — 7.16 (m, 1H), 7.15 (d, J = 4.0 Hz,
1H), 7.11 — 7.07 (m, 1H), 7.05 (t, J = 6.4 Hz, 2H), 6.58 (s, 1H), 5.86 (s, 1H), 5.34 (d, J
= 5.8 Hz, 1H), 4.57 (m, 1H), 4.45 (m, 1H), 3.74 (s, 4H), 3.64 (d, /= 8.0 Hz, 1H), 3.54
(s, 3H), 3.42 (m, 2H), 3.30 — 3.15 (m, 2H), 3.03 (t, /= 12.8 Hz, 2H), 1.78 (d, /= 13.2
Hz, 2H), 1.42 (d, J = 6.4 Hz, 9H). 13C NMR (150 MHz, Chloroform-d) § 171.9, 171.3,
170 .0, 164.0, 156.3, 137.4, 133.1, 131.3, 130.8, 129.0, 128.6, 128.6, 127.9, 127.7,
126.7, 122.9, 120.2, 119.2, 109.9, 108.9, 79.8, 60.3, 55.9, 54.6, 52.7, 46.7, 36.6, 29.7,
28.3, 21.2. HRMS-ESI(m/z): [M+Na]" caled. for C42H47NsNaOo", 788.3266, found,

788.3273.
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Purification by column chromatography afforded product in 34% yield (32.7 mg, d.r.
= 1:1.6) as a colorless sticky oil (PE/EA/DCM = 1:4:1, R¢= 0.3). "TH NMR (400 MHz,
Chloroform-d) 6 8.85 (s, 1H), 7.79 (d, /= 7.4 Hz, 1H), 7.43 (t,J= 7.2 Hz, 1H), 7.26 —
7.18 (m, 4H), 7.12 (dd, J = 11.0, 5.6 Hz, 2H), 7.06 (d, J= 4.8 Hz, 2H), 6.78 — 6.52 (m,
2H), 5.42 (m, 2H), 5.31 — 5.26 (m, 1H), 5.20 (dd, J = 7.8, 3.6 Hz, 1H), 4.94 (m, 1H),
4.71 —4.62 (m, 1H), 4.55 (q, J=10.0, 7.6 Hz, 1H), 4.39 (m, 1H), 4.35 — 4.23 (m, 2H),

4.18 (t, J = 6.2 Hz, 2H), 3.80 (s, 3H), 3.73 (d, J = 5.4 Hz, 1H), 3.68 — 3.58 (m, 1H),
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3.27 (dd, J = 14.0, 5.0 Hz, 1H), 3.21 — 3.1 (m, 3H), 3.08 — 2.78 (m, 2H), 2.42 — 2.31
(m, 1H), 2.29 — 2.19 (m, 1H), 2.1 (d, J = 5.6 Hz, 9H), 2.07 (s, 3H), 2.03 (s, 2H), 1.44
(d, J=5.8 Hz, 9H). 3C NMR (150 MHz, Chloroform-d) § 173.0, 172.4, 171.5, 171.0,
171.0, 170.0, 169.9, 169.8, 155.3, 136.3, 128.7, 128.5, 127.5, 126.9, 123.9, 122.6,
120.0, 118.7, 111.8, 109.9, 80.8, 80.1, 69.6, 68.7, 67.0, 61.3, 60.8, 53.9, 52.7, 52.0,
49.2,47.8, 36.3, 29.7, 29.0, 28.4, 28.3, 24.2, 20.9, 20.8, 20.8, 20.7. HRMS-ESI(m/z):
[M+Na]" calcd. for C4sHs1NsNaOi6", 986.4006, found, 986.4018.
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Purification by column chromatography afforded product in 51% yield (55.9 mg, d.r.
= 1:1.2) as a colorless sticky oil (PE/EA/DCM = 1:4:1, Rf= 0.4). "TH NMR (400 MHz,
Chloroform-d) 6 7.95 (m, 1H), 7.87 — 7.77 (m, 1H), 7.67 (q, J = 6.6, 5.8 Hz, 2H), 7.55
—7.50 (m, 1H), 7.49 — 7.44 (m, 2H), 7.21 — 7.15 (m, 5H), 7.11 — 7.05 (m, 2H), 6.93 (s,
1H), 6.33 (d, J=8.6 Hz, 1H), 5.51 — 5.35 (m, 2H), 5.24 (m, 2H), 4.75 (s, 1H), 4.64 (m,
1H), 4.48 — 4.28 (m, 3H), 4.18 (d, /= 13.2 Hz, 2H), 4.06 (t, /= 12.4 Hz, 1H), 3.73 (s,
3H), 3.62 (m, 4H), 3.44 (s, 1H), 3.32 (s, 2H), 3.22 (t, J = 6.8 Hz, 2H), 3.09 (m, 2H),
3.00 (q, J=12.8, 9.8 Hz, 2H), 2.11 (d, J = 6.8 Hz, 9H), 2.06 (s, 3H), 1.95 (d, /= 10.4
Hz, 2H), 1.41 (s, 9H). 13C NMR (150 MHz, Chloroform-d) § 171.5, 171.0, 170.7,
170.1, 169.9, 169.9, 169.7, 166.5, 155.6, 138.5, 137.7, 133.2, 133.0, 131.2, 129.2,
129.0, 128.9, 128.7, 128.6, 128.5, 128.3, 127.7, 122.8, 120.3, 119.2, 109.8, 79.8, 68.3,
67.9, 66.9, 61.3, 60.6, 54.4, 52.6, 52.4, 52.1, 49.0, 47.7, 29.7, 28.7, 28.4, 28.3, 25.0,
20.9, 20.8, 20.7, 20.7. HRMS-ESI(m/z): [M+Na]" calcd. for Cs¢He7NsNaOis",
1120.4373, found, 1120.4378.
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Purification by column chromatography afforded product in 28% yield (17.5 mg) as a
colorless sticky oil (DCM/MeOH=30:1, Rf = 0.3). *H NMR (400 MHz, Chloroform-d)
§ 8.98 (s, 1H), 8.57 (s, 1H), 7.67 (dd, J = 7.8, 7.8 Hz, 1H), 7.55 — 7.47 (m, 1H), 7.36
(d, J = 8.0 Hz, 1H), 7.18 (t, J = 7.4 Hz, 1H), 7.15 — 7.09 (m, 2H), 6.98 (d, J = 7.4 Hz,
1H), 6.58 (d, J = 3.6 Hz, 1H), 5.92 (d, J = 3.6 Hz, 1H), 5.38 (d, J = 7.2 Hz, 1H), 4.76
(9, J = 7.0 Hz, 1H), 4.61 — 4.44 (m, 3H), 3.83 (s, 3H), 3.45 (m, 1H), 3.20 (t, J = 7.6
Hz, 2H), 3.03 — 2.92 (m, 1H), 2.01 (m, 2H), 1.72 (m, 1H), 1.62 (m, 1H), 1.45 (d, J =
7.4 Hz, 3H), 1.42 (s, 9H), 1.32 (d, J = 7.0 Hz, 3H). 3C NMR (150 MHz,
Chloroform-d) 6 172.9, 172.5, 171.6, 171.1, 164.3, 155.4, 136.3, 131.1, 127.3, 123.6,
122.1, 119.6, 118.5, 111.4, 109.8, 109.5, 80.0, 61.0, 53.5, 52.9, 50.0, 48.9, 47.5, 28.4,
28.3, 25.0, 175, 17.1. HRMS-ESI(m/z): [M+Na]* calcd. for CaiHsNsNaOsg",
649.2956, found, 649.2973.

BocHN “‘LNH\l)LNJ\,(
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Purification by column chromatography afforded product in 12% yield (9.1 mg) as a
colorless sticky oil (DCM/MeOH=30:1, Rf= 0.4). 'H NMR (400 MHz, Chloroform-d)
0 8.57 (s, 1H), 7.99 (m, 1H), 7.69 (m, 2H), 7.60 — 7.37 (m, 3H), 7.17 (m, 2H), 7.09 (m,
2H), 6.54 (s, 1H), 5.91 (s, 1H), 5.36 (s, 1H), 4.83 (s, 1H), 4.59 — 4.51 (m, 1H), 4.49 (d,
J=11.2 Hz, 1H), 4.35 (m, 2H), 3.82 (s, 3H), 3.68 —3.60 (m, 1H), 3.56 (s, 3H), 3.43 (s,
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1H), 3.31 (d, J = 19.8 Hz, 1H), 3.25 (t, J = 7.4 Hz, 1H), 1.84 (s, 4H), 1.55 (d, J= 7.0
Hz, 3H), 1.44 (s, 9H), 1.35 — 1.23 (m, 3H). 3C NMR (150 MHz, Chloroform-d) &
172.7, 171.5, 171.1, 166.5, 164.1, 155.6, 138.4, 137.6, 133.3, 131.4, 128.9, 128.6,
128.0, 128.0, 127.9, 123.1, 120.5, 120.2, 119.3, 109.9, 109.5, 80.3, 54.7, 52.8, 52.3,
50.1, 49.1, 47.8, 46.8, 28.4, 28.3, 25.2, 17.3. HRMS-ESI(m/z): [M+Na]" calcd. for
C30HasNeNaO1o*, 783.3324, found, 783.3332.

,’:I;HY(N> NHBoc
AcO OAc o

o)
. NH O
AcO O

N
AcO NH

COOMe 7k

Purification by column chromatography afforded product in 32% yield (30.7 mg, d.r.
= 1:1.5) as a colorless sticky oil (DCM/MeOH = 30:1, R¢=0.3). '"H NMR (400 MHz,
Chloroform-d) 6 8.86 — 8.72 (m, 1H), 7.66 (t, J = 8.0 Hz, 1H), 7.58 — 7.45 (m, 1H),
7.40 (t, J= 7.0 Hz, 1H), 7.22 — 7.15 (m, 3H), 7.10 (d, J = 7.8 Hz, 1H), 7.05 (s, 1H),
5.51 — 5.28 (m, 2H), 5.28 — 5.12 (m, 2H), 4.72 — 4.63 (m, 1H), 4.56 (q, J = 6.6 Hz,
1H), 4.44 (t, J = 7.4 Hz, 1H), 4.36 (m, 2H), 4.22 (d, J = 4.5 Hz, 1H), 4.20 — 4.09 (m,
2H), 4.07 — 3.98 (m, 1H), 3.75 (s, 3H), 3.65 (s, 1H), 3.60 (d, J = 4.6 Hz, 1H), 3.42 (t,
J=10.8 Hz, 1H), 3.24 (d, J = 7.6 Hz, 1H), 3.18 (d, J = 8.2 Hz, 1H), 3.04 (m, 1H),
2.19 (dd, J = 14.4, 4.8 Hz, 2H), 2.09 (d, J = 8.6 Hz, 9H), 2.04 (d, J = 6.8 Hz, 3H),
1.85 - 1.70 (m, 2H), 1.47 (d, J = 9.8 Hz, 3H), 1.41 (d, J = 6.0 Hz, 9H), 1.26 (d, J =
4.4 Hz, 3H). ¥C NMR (150 MHz, Chloroform-d) § 173.1, 172.7, 172.5, 172.1, 171.7,
171.0, 170.1, 169.9, 155.8, 136.4, 127.1, 123.1, 122.4, 119.9, 118.6, 111.6, 109.7, 80.5,
68.7, 68.0, 67.2, 61.9, 61.1, 60.3, 54.9, 52.4, 51.2, 49.6, 49.1, 47.6, 41.4, 29.7, 29.3,
28.4,28.3,254,22.5,22.5,209, 20.8, 20.7, 17.3, 16.7. HRMS-ESI(m/z): [M+Na]"
caled. for C4sHeaNgNaO17", 981.4064, found, 981.4076.
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Purification by column chromatography afforded product in 57% yield (62.2 mg, d.r.
= 1:1.5) as a colorless sticky oil (DCM/MeOH = 30:1, R¢=0.4). '"H NMR (400 MHz,
Chloroform-d) 6 7.94 (s, 1H), 7.80 (s, 1H), 7.68 (dd, J=13.4, 10.6 Hz, 2H), 7.53 (t, J
=7.8 Hz, 1H), 7.45 (d, J= 7.8 Hz, 1H), 7.19 (q, J = 7.4, 5.8 Hz, 3H), 7.06 (d, J = 7.4
Hz, 2H), 6.82 (s, 1H), 5.38 (s, 1H), 5.26 — 5.14 (m, 2H), 4.57 (d, J = 11.0 Hz, 2H),
4.46 (dd,J=17.0, 6.8 Hz, 1H), 4.38 (t, /= 8.0 Hz, 1H), 4.28 —4.11 (m, 5H), 4.01 (t, J
=7.0 Hz, 1H), 3.74 (s, 3H), 3.59 (s, 3H), 3.40 (s, 2H), 3.25 (m, 2H), 2.09 (s, 9H), 2.04
(s, 3H), 2.02 (s, 4H), 1.92 (s, 2H), 1.57 (d, J= 7.4 Hz, 3H), 1.46 (s, 9H), 1.26 (s, 3H).
13C NMR (150 MHz, Chloroform-d) 8 173.0, 172.9, 172.3, 171.0, 170.2, 170.0, 169.9,
155.7, 137.7, 133.5, 128.7, 128.2, 127.9, 123.2, 120.7, 109.8, 80.3, 68.8, 68.6, 68.1,
67.4, 67.2, 61.2, 52.4, 52.3, 494, 48.6, 47.9, 29.7, 28.8, 28.4, 28.4, 27.2, 20.9, 20.8,
20.7, 17.6, 16.0. HRMS-ESI(m/z): [M+Na]" caled. for Cs3sHesNeNaO1o*, 1115.4431,
found, 1115.4426.

OAc

AcO )
AcO

AcO
““  SePh g

Purification by column chromatography afforded product in 56% yield as a white
solid (PE/EA = 3:1, R¢= 0.3). "H NMR (600 MHz, CDCls) & 7.61 (dd, J = 8.2, 1.3 Hz,
2H), 7.38 — 7.33 (m, 1H), 7.32 — 7.29 (m, 2H), 5.20 (t, J=9.3 Hz, 1H), 5.01 (ddd, J =
14.9, 10.1, 9.3 Hz, 2H), 4.90 (d, J = 10.2 Hz, 1H), 4.25 — 4.13 (m, 2H), 3.70 (ddd, J =
10.1, 4.8, 2.6 Hz, 1H), 2.07 (s, 3H), 2.07 (s, 3H), 2.01 (s, 3H), 1.98 (s, 3H).
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OBz

BzO )

BzO
| COzMe

COzMe 9
Compound 9 is known in the literature®. The crude yield was determined to be 13%

by "H NMR spectroscopic analysis.
OAc

e

NHAc 19

Purification by column chromatography afforded product in 49% yield as Colorless
oil (PE/EA = 1:1, R¢= 0.3).” 'H NMR (600 MHz, CDCl3) & 6.39 (d, ] = 6.9 Hz,
1H), 528 - 5.19 (m, 1H), 5.02 (dd, J = 9.1, 5.7 Hz, 1H), 4.99 (t, ] = 8.6 Hz, 1H),
4.70 (td, J =7.6,3.9 Hz, 1H), 4.41 - 4.37 (m, 1H), 435 (dd, J = 12.2, 4.6 Hz, 1H),
4.04 - 4.00 (m, 1H), 3.99 (tt, ] = 4.7, 2.3 Hz, 1H), 3.78 (s, 3H), 2.29 (ddd, J = 15.1,
11.3,4.0 Hz, 1H), 2.15 - 2.12 (m, 1H), 2.11 (s, 3H), 2.06 (s, 3H), 2.04 (s, 3H), 2.04
(s, 6H).

69



References

(1) Han, Y. J.; Shi, J. J.; Dan, T.T.; Yang, W. W.; Yang, M. Y. Selective editing of a
peptide skeleton via C-N bond formation at N-terminal aliphatic side chains. Chem.
Sci. 2022, 13, 14382-14386.

(2) Doyle, L. M.; O’ Sullivan, S.; Di Salvo, C.; McKinney, M.; McArdle, P.; Murphy,
P. V., Stereoselective epimerizations of glycosyl thiols. Org. Lett. 2017, 19, 5802.

(3) Salomé, C.; Salomé-Grosjean, E.; Park, K. D.; Morieux, P.; Swendiman, R.;
DeMarco, E.; Stables, J. P.; Kohn, H. Synthesis and anticonvulsant activities of
(R)-N-(4’-substituted)benzyl 2-acetamido-3-methoxypropionamides. J. Med. Chem.
2010, 53, 1288-1305.

(4) Yang, Y. Q.; Ji, M. C.; Liu, Z.; et al. Synthesis and antitumor activity of novel
aromatic amines containing piperazine moiety. Synth. Commun. 2016, 46, 977-982.
(5) Gong, H. G.; Andrews, R. S.; Zuccarello, J. L.; Lee, S. J.; Gagné, M. R., Sn-free
Ni-catalyzed reductive coupling of glycosyl bromides with activated alkenes. Org.
Lett. 2009, 71, 879-882.

(6) McCoy, D. E.; Feo, T.; Harvey, T. A.; Prum, R. O., A biomimetic nanoreactor for
synergistic chemiexcited photodynamic therapy and starvation therapy against tumor
metastasis. Nat. Commun. 2018, 9, 1-9.

(7) L1, C. J.; Zhao, Z. Y.; Yu, S. Y., Photoredox-catalyzed C-clycosylation of peptides
with glycosyl bromides. Chin. Chem. Lett. 2024, 35, 109128.

70



NMR Spectra

-0. 00

I ikr / J

0831 -

0.94—=
1927
ey
232
057-1)

=)
@

23

—170. 46

—172.

—135. 69

@
~a
@

T T T T
5 4 3 2

f1 (ppm)

Fig 1. "H NMR of (1a) (400 MHz, CDCL)

V7

AR

F0.028

0. 026

F0.024

~0.022

0. 020

~0.018

F0.016

-0.014

F0.012

F0.010

0. 008

0. 006

0. 004

0. 002

0. 000

0. 002

T T T
210 200 190

T T T T
100 90 80 -20

£1 (ppm)

T
110 70 60 50 40 30

Fig 2. *C NMR of (1a) (100 MHz, CDCls)

71



BEETINn,tIir38830 TR ITIAB DY MaN N~ NS oo S
O~~~ T T TN ™~ o
e ———r T TR | e
I"
| [
f |
i / ,\ / |
/ 11 / / SNV, I
nNH0 OH
BocHN ‘HLH’E[O"
1 1
JI. i N _,l'\ * il JA I‘
T T T o
s 835828 K 8 GHE83: g€
o cocoroca s 6 Smoow RS
T T T T : T T T T T T T T T
12 1 10 9 8 7 6 5 4 3 2 1 0 -1 -2
f1 (ppm)

0T @ © © TOYrwon

238 & g ThIzEay 5 §E88R28caR88eIR
~ 0 ® NNdrrTe ® TOITC-NCOO oD 0T~ D
- - R ~ OLVLBLIIOOOOOONN—
I | [N | ey |

==
I

30

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 20 10 0 -10 -20

1 (ppm)

Fig 4. °C NMR of (SM-1) (100 MHz, DMSO-de)

72

r4.0
3.8
3.6
3.4
r3.2
r3.0
r2.8
r26
r2.4
r22
r2.0
r1.8
r1.6
F1.4
F1.2
1.0
r0.8
r0.6
r0.4
r0.2
r0.0
02

-0.016

F0.015

r0.014

r0.013

r0.012

F0.011

r0.010

0.009

1-0.008

0.007

-0.006

1-0.005

1-0.004

-0.003

0.002

1-0.001

0.000

F-0.001




r3.4
r3.2

3.0

2.8

r2.6

r2.4
r2.2
r2.0
1.8
H1.6
r1.4
r1.2
1.0
r0.8
0.6
0.4
0.2
0.0
0.2

—-©
~ =
© o
=

— - 006

— 260

II'1

/

AR

-

— 0 F46'0

1 (ppm)

Fig 5. 'H NMR of (SM-2) (400 MHz, CDCl)

0.055
r0.050

F0.045
F0.040
r0.035
r0.030
r0.025
10.020
r0.015
r0.010
+0.005
+0.000

F-0.005

8L
._._.‘mwv.

912 —

8G'T6~
eLVSF
Nm.mm\.
FANA: b

89'9L
00°LL
ceLL
croe S

LFBO0L~
i L~
9eell

TN
9gLEL—
95€zL”
szizL”

ELoEL—

L6651 —

T T
-20

-10

0

70 60 50 40

T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90

20 10

30

80

1 (ppm)

Fig 6. *C NMR of (SM-2) (100 MHz, CDCls)

73



F1.1

0.9

0.8
H0.7

0.6
0.5

F0.4

0.3

0.2

0.1

0.0

8z¢
0Eg >

€59
mm‘mv
90'L
FE../
€L
SLL
al'L
0TL
LTl
ve'L
9e’L
§9°L
97
(34

!

=100
£8°0
€Ll
H/hc.f
”r

20
fogo

=690

1 (ppm)

Fig 7. 'H NMR of (SM-3) (400 MHz, CDCl)

F0.019
F0.018

F0.017

r0.016

r0.015

F0.014

r0.013

F0.012

F0.011

r0.010
r0.009
0.008

r0.007

0.006

0.005

0.004

10.003

10.002

+0.001
0.000

-0.001

PL8L—

0L
FETA
88l
mm.m:W
£8021
mm.mmﬁ
Wizl

vooelL—

cess—

68°0LL
vw.—._..—W.\
(A2 ¥

-10 -20

0

10

T T T T T T T T T T T T T T
70 60 50

220 210 200 190 180 170 160 150 140 130 120 110 100 90

30 20

40

80

1 (ppm)

Fig 8. '°C NMR of (SM-3) (100 MHz, DMSO-ds)

74



-0.060
+0.055
+0.050
~0.045
~0.040
~0.035
~0.030
~0.025
~0.020
~0.015
~0.010
~0.005
~0.000
~-0.005

0 < ] o~ - o =) @ ~ © [T b [} o - o p 2 m
- £ == ~+ +~+ + ©o ©o ©o o o ©o ©o o o o <9 <
L L 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 o o
000~ T T
580
180 Foy
680
060
621
!
16T [y
€62 8061
50 %61T
90 - Lo 91z
60'€ €182
19€ 9€Le
s | ~ 8
£9°€ —_— R0 | _ ~= mem
rae 1 3
gged 688 O e
99'¢ k R LLBE
V53 26 6¢
€L'¢ -~ =601 FoN M Elor
vLE @) HMW
43 - )
ad . S
i = SERre T G/
£E'Y ~ 001 M
%ﬁf _ 60°€ =
ped = ShL S )
P oL | o F L8L—
Re% — #60'k N
(8 2 T =ne M..)
T i
2¢ - SR =
60'G
169 =
89 9 T
%,M re ° 8L
o 2
oz S g0y
Wt vz £9EZLY
4] — mm: b~ Z vz
EEL - A0 T wes—
151 . L=
6527 ~ 350 .
:,&. 180 | 00/,0
€LL
e - =260 T sTes—
el 3
/ Loy
w,lomno e§0Lby
LhLLp
ot LULLL
E3 anA Lo
Q NHN ]
©
o080l _ £ )
1ol B 8 J L]
LN
o

T
-20

-10

0

10

60 50 40 30 20

80 70
1 (ppm)
Fig 10. 3C NMR of (SM-4) (100 MHz, DMSO-db)
75

220 210 200 190 180 170 160 150 140 130 120 110 100 90




r2.0
r1.9

r1.8

[ ;.
v

/

I

4

-

10

1"

1 (ppm)

Fig 11. 'H NMR of (SM-5) (400 MHz, CDCls)

r0.026

F0.024

r0.022

10.020

r0.018

+0.016

F0.014

F0.012

r0.010
1-0.008
-0.006
0.004
0.002
0.000

--0.002

¥8'LT
w_..mwv.

60°Le—

156°2§
GO'EG~:
¥ars7
mm.mm“
0’09
Sh'ec9

899
g.tv
ZELL
mm.om\

L2601
wm._:.%

L8l
VL6l Lp
[yt
6C€2 P
06921~
szTLTLf
6v8z)
8z62)
9661
¥Z9El

LLGGE—

T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 0 -10 -20

T

10

30 20

f1 (ppm)

Fig 12. 13C NMR of (SM-5) (100 MHz, CDCls)

76



F1.8
F1.7

1.6

F1.5

1.4

F1.3

F1.2

F1.1

1.0

0.9

0.8
0.7
0.6

0.5

0.4

0.3

0.2

0.1

0.0

F-0.1

or'L—
961,
e

i

€60
60C

Fas)

6.0

f1 (ppm)

Fig 13. '"H NMR of (SM-6) (400 MHz, CDCl)

r0.055

r0.050

10.045

0.040

r0.035

r0.030

10.025
10.020

+0.015

r0.010
0.005
0.000
-0.005

86'rl—

mw‘hw
AN
s.mmw
Iyt

8¥ 0§
oN‘NmW
]
999G
1568
mo.mm\‘

89°0L
00°LL
el
hmdm.\

SPBE0L-_
eEIL~
6r'8LL

hv.m:y

19661 —

8r 0Lt
98 GNFW
6CCLL

|
I i
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 /0 60 50 40 30 20 10 0 -10 -20

f1 (ppm)

Fig 14. 3C NMR of (SM-6) (100 MHz, CDCls)

77



1.7

F16
1.5
F1.4
F13
H1.2
11
1.0
0.9
0.8
0.7

0.6
r0.5
0.4
0.3
0.2
0.1
r0.0
0.1

@
=8
oo

—

~
&
B3

889
cwmv

£0°L
B0L
oL'd

Sl
FAvE

WL
nn.hw
S€°L
Ll
BF'L
9L
£9°L
§9°L

wm.mv

668

P006
810
6z

sz

vl

- 18T
- - MEO
- N

vz

+6T1
€90

== F850

— W
w101

-< 690
ot

. = ¥560

A

1 (ppm)

Fig 15. '"H NMR of (SM-7) (400 MHz, CDCl)

1 10

12

€581~
PEEEL"

¥S'0LL
28041
€TLLL
L a1}
LLLLL
£0'ZTLL

+0.045
£0.040
+0.035
+0.030
£0.025
£0.020
£0.015
r0.010
£0.005
r0.000

T T T
0 -10 -20

10

T

T

80 70 60 50 40 30 20

1 (ppm)
78

220 210 200 190 180 170 160 150 140 130 120 110 100 90

Fig 16. C NMR of (SM-7) (100 MHz, CDCls)




(2.5

r2.0

1.5

r1.0

r0.5

r0.0

I

{11l

O

e

iy

BocHN

-—

=0L0

10

"

1 (ppm)

Fig 17. '"H NMR of (SM-8) (400 MHz, CDCl)

r0.026
£0.024

+0.022

r0.020

+0.018

r0.016

+0.014
r0.012
£0.010
+0.008
+0.006
-0.004
0.002
r0.000

r-0.002

98°65L—

SELLL
_.m._.h_.W
08'LLL
wn..mh_\

B

T

T T
-10 -20

0

T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 60 50 40 30 20 10

T

80 70

1 (ppm)

Fig 18. 3C NMR of (SM-8) (100 MHz, DMSO-ds)

79



21
r2.0

r1.9

r1.8

.7

r1.6

F15
F14
-3
H1.2
1.1
1.0
0.9

r0.8
0.7
r0.6

r0.5
0.4
0.3

r0.2

r0.1

r0.0

0.1

BocHN

i R
£ 835885888%
o cooocormoro

[
T

=zl

1 (ppm)

Fig 19. '"H NMR of (SM-9) (400 MHz, CDCls)

FU.UTE
r0.015

r0.014

r0.013

~0.012

~0.011

~0.010

0.009

-0.008

+0.007
+0.006
+0.005
0.004

~0.003
-0.002
~0.001
~0.000

~-0.001

L7601~
oF L —
S8

696LL~L
LTe—
Nm.mw_m
vZlzL

80°9EL —

LEGGL—

850LL
FAVIRS
S6LLLT
66°2L)

=
=

BocHN
a

T T
-10 -20

0

T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 50 40 30 20 10

80 70 60

1 (ppm)

Fig 20. 3C NMR of (SM-9) (100 MHz, CDCls)

80



F2.2

F1.9

F2.1
2.0

1.8
F.7
F1.6

L1.5
+1.4
1.3
L1.2
F1.1
1.0
Lo.9
0.8
+0.7
Lo.6
Lo.5
Lo.4
Lo.3
+0.2
Lo.1
+-0.1

=

/s

vy

-

e

-

1 (ppm)

Fig 21. '"H NMR of (SM-10) (400 MHz, CDCls)

10000000

9000000

8000000

7000000

6000000

15000000

4000000

3000000

2000000

1000000

3
I

99'92

96°LT}
88'8C}
L2621
909¢}
[Tyias
8L'8cl
LEGSL \
0L6G1
9L0LI~
€L0L1
88°0.L4
90'LLL
T4 YA
9CHLL
o¥'LLL

[o]
e

: HN
o o

YnNH O
HN: 4
BocHN Q

T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50

210 200 190

-10

10

20

30

40

1 (ppm)

Fig 22. 3C NMR of (SM-10) (150 MHz, DMSO-ds)

81



F0.75

+0.70

0.65

1-0.60

-0.55

0.50

-0.45

-0.40
0.35
0.30
-0.25
10.20
0.15
+0.10
-0.05
-0.00
--0.05

=}
s}
e

fire 11

BORRBRHSH =K
NOOCOOOM—ONO

o e LU
VOO OMOC O~

I 080

1 (ppm)

Fig 23. '"H NMR of (SM-11) (400 MHz, CDCl)

r0.024
r0.023
+0.022
r0.021
r0.020
r0.019
r0.018
r0.017
r0.016
r0.015
r0.014
+0.013
r0.012
+0.011
r0.010

r0.009
r0.008
r0.007
r0.006
r0.005
r0.004
r0.003
+0.002
r0.001
~0.000
~-0.001

66651~
98961
290LL
wh.nh—/
€TTLL
6¥TLL
LSTLL
6L2L)
6LELL
EVELL

T

T
-20

-10

T T
10 0

|

]

|

T T
50 40

T

70

BocHN' (NJ

¥

]

i |

T T T T T T

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80

[s]
\HL N
ATM
Q
r r

T T

30 20

60

1 (ppm)

Fig 24. 3C NMR of (SM-11) (150 MHz, CDCls)

82



B
—3514
5
21
142
~-0.00

4.54
<5
—3.

3.

3

3

3
0.0

F2.8
2.6

F2.4

Y| [ s S i Lo

COCMe F1.8

BocHN T T

gM_XtT

1 (ppm)

55.93

T
—35,
— 52 B

28,24

28.03

<z

18000000

6. B

—170. 77
—163.93
55
—136. 26
.66
19.8
18.79

17000000
16000000
15000000
14000000
13000000
12000000

= 11000000

H
BocHN N.__COOMe
o T 10000000

3000000
8000000
7000000
6000000
5000000
I 4000000
3000000

2000000

| I l | “ ‘ i | ; o | ::ooouoo

F-1000000

T T T T T T T T T T T

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 7060 50 40 30 20 10 o -10
f1 (ppm)

Fig 26. °C NMR of (2a) (150 MHz, CDCls)

83



—0.0
—~-0.00
T
M
o

8
458
347
3.4
33
33

— .43

U
& -

T
o

T
W

Y

COOMe

H
N
BocHN Lo,
Y

T T
2 2 ¢ b
@ - W © o

T
2
@

T
L
[EREEIS

X

©
o
©
=)
=
o
@
=

20.7
—~28.3

12000000
+-11000000
10000000
9000000
8000000
(7000000
6000000
= 5 (5000000
- © T (4000000

3000000

2000000

\ ‘ ! 11000000
|

L
L
I
-
L
-
T
-}

T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 130 140 130 120 110 100 90 80 0 60 a0 40 30 20 10 0 -10

£1 (ppm.

Fig 28. 3C NMR of (2a') (150 MHz, CDCl;)

84



(
r s ﬂl‘l‘ [ /j /f/ /J/ f{, 1’\’ |‘/ U

OAc
AcO BocHN
AcO. 0. M
AcQ "
COOMe
T T :
12 11 -2
Ac
Ao BocHN "
AcO e =
AcO 9
Ccoome
| AT )
i1 | ] | |
| ‘ i | | | v i lIJ ! \\
i L | | L [ N
T ; T T T T T : T T T T : T ; : T ; ; 7 T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 0 60 a0 40 30 10 -10

1 (ppm)

Fig 30. 3C NMR of (3a) (150 MHz, CDCls)

85

0.

+0.

+0.

+0.

+0.

0. 5

+0.

+0.

0.

+0.

0.

+0.

+0.

+0.

+0.

+0.

+0.

35

25

10

05

+-0.05

L6107

L4107

L2107

L0107

.8x107

65X 107

Lax10”

.2x107

L0107

L0x10°

0% 10°

L0x10°

L0107



T
-20

e w o @ e 2 a o o = = o @ o -
5 5, $.5.9 s .7 = § &8 & & & &8 g &g ¢ g &8 & &
5 S S S S S S S S S S S S S
T T T i i i T T T T 7 7 T
— Lo
1902 [E—
Tl _H_HMI
i 6L~
i ¥CBE— \J
k ~
s | o
oret — S— —
[ i ~ @)
26 N
wifl . [
cc°c —_——
e Q 18 6F~—
15 BE T8~
£5°C Z’ 0 TE~_
ccgd 909
92 T wmw
65 o710
0041 M 2810
0¥ = 2z 89
0 - o e
F0 7 P ——
i S un
EI% = NIRE 47
1 pye ~ ® T
6 F o
— <
<
el o)
[— = ~
- G~
= ] =)
R 18°60T~ p—
[t -
M 107611
61°0T —
Z & T _=—
2°121 —
~ 08251 _
= —
= s hems E—
66 ®le \ﬂ
—_— (<o RN -
— o/
an
B =
o5 a1 — -
1£°99T
—m‘mnﬁu/f
@ .mEW. -—
: 95§01 ~
| 08 0LT-F , |M
~ 6€°LLT
08°I1
»
z 2 ®
I y: 3 RN
& d 5} F y=2 8
& d 8
o i o
Q 2 Q
N EaCE
< < M

f1 (ppm)

Fig 32. °C NMR of (3a') (100 MHz, CDCl;)

86



00 '0—

§ < = od o o of i od o od e od el il

—

s

— ——_—

BocHN
Ni
COOMe

e}

OAc
AcO’

AcO:
AcO

=180

£1 (ppm)

Fig 33. '"H NMR of (3b) (400 MHz, CDCls)

g =] = = = = = = = o =
2 = g = g g g g g 2 2
] ] ] ] ] S S S S S S
2 e 2 2 2 g g g g g 8
2 = ] = 2 2 2 2 8 = 8
= S = 2 2 2 2 e 2 & E o
n I A T h i i i i | N T
9902
oL n_HV-
0L Le
8 muW =
60 62 =
s
Te—
T2 — —
£ETE1— -
z
A S
W P ]
. e
iPat
I}
o O QO
2 o
3
Q
2
a8
3
3<

f1 (ppm)

Fig 34. 3C NMR of (3b) (150 MHz, CDCl)

87



0.8

0.7

0.6

0.5

0. 4

0.3

0.2

0.0

—

COOMe

£1 (ppm)

Fig 35. '"H NMR of (3b") (400 MHz, CDCls)

k3.6 107
F3.4x107
F3.2x107
Fa.0x107
F2.8x 10
2. 6107
Lz ax107
F2.2x 107
F2.0x 107
F1.8x107
16107
F1.4x107

F1.2x107

F1.0x 10

F8. 0% 10°
F6. 0% 10°
F4.0x10°
F2.0%10°
F-2,0x10°

0.0

AcO’

COOMe

=

£1 (ppm)

Fig 36. 3C NMR of (3b') (150 MHz, CDCls)

88



6
FLS

4

FL3

1

FL

1

r0.9

F0.8

F0.7

F0.6

0.5

F0.3

r0.2

F0. 1

0.0

0.1

S )/ ///( e

-

[

A

o MNH

BocHN

(e}

AcC
AcO-

NH

AcT

COOMe

g g g = o = o = o = < o
g 2 g 8 g g g g g 5 2 2
2 2 2 2 2 2 2 2 2 2 2 2
g ] s =] =] g g = g = ] s
e 2 2 =] g 3 e 5] 2 2 2 2
o 5] = 2 2 2 2 2 2 2 2 2 2
! o =} E & H 2 2 3 e = ] E <
[Feod 1 L 1 1 L L 1 1 1 L 1 1 1
)
o
n
o
= J—
rS
re
T
L= — 3
<
_—
~ -
a0}
O
a -
'S
N
W . |
(=]
AO_. =
N
~
(2
=] ()
g ~
= G
o o
= .
o~
on -
=
9F o1 — .
92801
] mEW 5 _
2691 Pl
= 18121 /
Fes 66121
©
z
) I F w
L ]
= m o 0
L= q
S
g
:u. Q
s 92

1.0

A

li!l]

f1 (ppm)

Fig 38. 3C NMR of (3¢) (150 MHz, CDCls)

89



(0. 0080
(0. 0075
0. 0070
0. 0065
(0. 0060
(0. 0055
(0. 0050
(0. 0045
0. 0040
0. 0035
0. 0030
(0. 0025
0. 0020
0. 0015
0. 0010
0. 0005
0. 0000
t—0. 0003

o 2 - o o @ = © © -« o« o - o 2 2
— — = - = = = < < < < < < < £ =
N N N N T T T T T T i T T i z 2
T T
o
T
o
T
"
s
T
00 -~ - L=
00— B —— s
=] €90z
[[= mwdmv
00°12
o s
= V25T
~~ -
| 0eE—
wi— -_— ™ 10
16T -
56 ‘HW (@)
Mw s e F= @) TLEP~
&0 HM e o 82 26~
ore ~ e
2T | n N 05 ce ="
Wmm o H 96 o
0% M 3199
S L= 0299
%t o 1899
= S |z
Bt ~ " =4 10 .[W
Six _ E N/
iz = ~ e
oLt - - =
6LE =
06 ﬂN _ <
P ] eon
8 P~ ~ Lo & ~
82 T— — += [
i T o
80 «x\ . - o
LR M R
ge— ~
0
oz
o
: =
N
. “ on
| = an
—_— v E
" £F e —
— e
—_
o
~ .‘.4 F o
7 i
z [
/
o
P
o
F4 =
I I
8 Z m [t
a0 O [ o
Q =3
0 Fs
2 E
Q
02 ®
2% e
B

-20

90

£1 (ppm)

Fig 40. 3C NMR of (3¢') (100 MHz, CDCls)

BocHN
NH
COOMe

AcO

AcO
AcO




BE828R9NNS288EYE

“d At S b Sk dciciciad =g/ L] 4

FL3

I ol i) S f/r’f Vo ih b0
F0.9
0.8

F0.7

AcO

OAc Bock Lo.6
AcOr

AcO © =
to.5
0.4

0.3

F0.2

0.1

s e N e 1

8228 8A83IIRS g
=g =
5

083 =

1.0 10.5 100 95 90 &5 80 7.5 7.0 65 60

Fig 41. "H NMR of (3d) (400 MHz, CDCls)

28.08
20. 54
20. 47

— 136,06
—127.38
~-110. 06

—155. 28

111,21
—01.88

—30.48

<

.5x107
H6. 0107
15,5107
5. 0107
4.5 107
4. 0107
F3.5x%107

F3.0x107
AcO ]

AcO:
NH F2.5x107
COOMe

F2.0x 107
F1.5%107
F1.0x107

| F5. 0 10°

f1 (ppm)

Fig 42. 3C NMR of (3d) (150 MHz, CDCl)

91



2EREEREINLSIS2EY BEETRNRYAANRSEENUTNSSERRLNRRINE ¥

e e 2 B R i |

NH

AcO OAc BocN Y
AcO o
AcO O =~

COOMe

I

re

A il

0.0
~0.00

1 1
[ [ty "
orsmw WE- T OND OO Buo
O oy cy o2 Oy e O ch e S R oo o a2
. : 5 . Grre==_ o : Sr-o-goranaco Soigo 5 ; .
12 11 10 9 8 7 [ a 3 2 1 0 -1 -2
f1 (ppm)
3 '
Fig 43. "H NMR of (3d") (400 MHz, CDCl3)
fEmeena = e ETTY T 5w » mer
EEEEE ] =g SEEfAEddEs ddg ¢ ddd
s\ | \ o I VZ| Vi
— OAc BocHN W
o o AN
NH MeO,
CoOMe
1
1
vl ! o ‘
| \‘ I ‘ “ ‘
| m |
T Tl | U -
Io 20 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 1o
f1 (ppm)

92

. 13C NMR of (3d") (150 MHz, CDCl)

11000000

10000000

9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

-0




F2.5
F2.0
FL.5

F0.5
F0.0

-

=

| s e

—

OAc BocHN
o

COOMe

1 (ppm)

Fig 45. "H NMR of (3e) (400 MHz, CDCls)

F3.0%x107

k2. 8x 107

F2.6%107

L2, 4% 107

2. 2x107

H2.0%107

F1.8x107

F1.6% 107

L1 ax107

F1.2x107

L1.0x 107

Ls.0x10°

6. 0% 10°
4. 0x10°
L2, 0% 10°

0.0

88°T6—

¥IEl—

OAc BocHN

(L NH

AcO
AcO-

COOMe

140 130

150

T
210

f1 (ppm)

Fig 46. *C NMR of (3¢) (150 MHz, CDCls)

93



1.0
0.9
r0.8
0.
0.6
F0.5

F0.4

F0.3

r0.2
0.

F0.0

RE583%8

[-oo

COOMe

o

f1 (ppm)
Fig 47. '"H NMR of (3e") (400 MHz, CDCl)

21000000
20000000

-19000000

-18000000

17000000

16000000

15000000

14000000

-13000000

12000000

11000000

10000000

[-9000000

8000000

7000000

6000000
5000000
4000000
3000000

-2000000
1000000

ko

+--1000000

€E T —

OAc BacHN

o

AcO

COOMe

Fo

T
200

T
210

£1 (ppm)

Fig 48. 3C NMR of (3¢') (150 MHz, CDCls)

94



3
3.0
2.8
2.6

2

0.6

F0. 4

F0.2

F0.0
F-0.2

00—

98 1—

[
|

|/

|

I

/

Jr!

r

COOMe

-<

IE6
Tze
=6LE
rrg

-1.5

£1 (ppm)

Fig 49. '"H NMR of (3f) (400 MHz, CDCl;)

12000000

(11000000

10000000

9000000

8000000

7000000

6000000

(5000000

(4000000

3000000
2000000
(1000000

-0

U —

LLBI =
6Bl
8.8_\\\
68 521

26181

orooEl—

g gl —

127801
26801
1601
L7601
om.n:\

COOMe

40

60

£1 (ppm)

Fig 50. 3C NMR of (3f) (150 MHz, CDCl)

95



0. 85

B

8RR R BEEE8RE R RERR SRS IS IT RS8N E88 R R EBUARNRCEBERRSSARAINE8IRSS
: o 5. 4 i

_-0.08
=~0.01

0. 80

+0. 00

;

2‘05fI
922-1

+-0. 05

1.00
1.09
1.13
0.73
1.73
- 40a
0.57
1.01-3
w- 0982
0.57
2.09
0.80
0.54
6.02
299
1.89
5944

4000000

20. 88
20. 6
20.55

<

—111.64
— 108,

3800000
3600000
3400000
3200000
3000000
2800000
2600000
2400000
2200000
2000000
1800000
1600000
AcO- o o, N= L 1400000
11200000
1000000
800000
1600000

F 400000

(L J‘n 1/ TR

=

~-200000

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 0 60 50 40 0 20 10 0 -10
f1 (ppm)

Fig 52. 3C NMR of (3f') (150 MHz, CDCls)

96



BICEBEERGERRBEBTBRRR

852

Il {
; fll‘ff ){MW W s i JIF’ 7 //// A rr / |

0. 60
0. 55
0. 50

0. 45

NH

0. 00

.
§ L-0.05
s

10,5 100 9.5 9 10 05 00 0.5 L0 15

77.21

80. 1

29,30
~~2828

7

6500000
6000000
5500000
5000000
4500000
(4000000
3500000
3000000
B0 O 2500000

NH
| 2000000

COOMe
1500000

1000000

! 500000

F-500000

oo
L
=

T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 BO 70 60 50 40 30 20 10
f1 (ppm)

Fig 54. 13C NMR of (3g) (150 MHz, CDCls)

97



£3I28838238227885

& o od e g 1<

sg3Ranant

1 |
| I

ol [

Wl —  rirs

FLO

r0.9

F0.4

2
B2 BocHl
s20. o M
B20 N .
COOMe
[ LGE O s - i
SE8RIBRERRE853 FFER £E88 5838 5 &
MR- rroroOmaNTe cooo <<<o mno o P @
T T T T T T T T T T T T T T T T T T T
L5 10.0 9.5 9.0 8.5 8.0 7.3 7.0 6.5 6.0 5.8 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5
1 (ppm)
1
NMR of (3g") (400 MHz, CD
&
2
|
B0 BocHN \ |
BzO. o. =
BzO NH 1
coome

0.1

foaluuou

5000000

4500000

4000000

3300000

3000000

F2300000

2000000

1500000

F1000000

500000

T T
110 100 90 80 0 60 50 40
f1 (ppm)

Fig 56. C NMR of (3g") (150 MHz, CDCl;)

98



k2. 4% 107
b2, 2107
2. 0% 107
18107
F1.6x107
1. 4x 10
F1. 2% 107
i ox 107
ke, 0x10°
L6. 0% 10°
L4 0x10°
l2. o0x10°

W e e e e e e e e e e e 2
- ~ = E S S E S s S ] S S E] s
! n n ! T i T T 7 i i T i i b
- )
[+
=
Fe
T
00°0~— _ e
00 - =
o
Fs
=
- BE\
ma.mnw
— P —— e0 € 0F
el £0'6 \W -~
LT— / Wmﬁ.— —
L= QO
i o
Y0 € |_Nw C
2078 «l o
80°E N
0L H
9£ 7 L=
68°E ~ H.r o M
i 20
c0r ~ Forg | e o
20 °F X
P —_— 00€ | m
SEF (Y}
L£F - 80 |=
8E°F . + ~~
oy ) 560 =
< ~ AP (ag)
e 'k Fe B N~
= = G
s o~
\ Fsro M
— FI80 L2
- Fuo Z
Lo T
—~ Fori e =
~
e Ve
b
Wl |o o
. e &3
— mem‘v
[
— 0Lg [ =
— Fere |~
~ Fogg-
€40
_— Rl le
— T R
— z WL6E
Y 06'}
=
Fod
e
z 2
o IrE g SFeso ]
30 o =
c N
< Ho
1871 o L=
6L <} -
bot & of -
008 @ Lo
08 —
g
g "

99

Fig 58. 3C NMR of (3h) (150 MHz, CDCl)

OBz BocHN
[}
NH
COOMe

o

BzO.

BzO:
Bz0-




000000

il

Sl

L
B
B
B
018
B
8
8

4500000
(4000000
3500000
(3000000
2500000
(2000000
1500000
(1000000
500000
- L1uuwuuY
(10000000
9000000
(8000000
000000
6000000
5000000
4000000
3000000
2000000
1000000

-7
0

-1.0

0.5

100

f1 (ppm)
f1 (ppm)

Fig 59. '"H NMR of (3h") (600 MHz, CDCl)

Fig 60. 3C NMR of (3h') (150 MHz, CDCls)

|
|

\H
M
il

.‘I \ll‘ / I

COOMe
COOMe

BzO
BzO:




1
F2.0

F0.6

10 °0-~
00"

eelelel 4
=

BocHN

o NH

BzO:
BzO:

NH

BzO’

COOMe

f1 (ppm)

g g8 g g s 2 s 3 g s g s
5 =3 =1 2 2 = 2 2 2 2 2 2
S S S 3 s S s S 5] s 5] S
5] =1 =] =1 =1 =] =1 =] S =1 =] =1
= =1 S =1 =] =] =] =] S =1 S =1
& = S S =1 S =1 =1 S S S S
= = = 2 2 = 2 A 5 = = = o
! ! I 1 L h I [ | | | N T
0% 8Z =
ZE .onW - —=
oL Dul\u -
1028 4
~
o
@)
D ey — R
1878~ 1
Q sLve~ -
-
N
290
H 0c 69\ -—
HETAY —
v ,Q../ -—
61 7L-~% ae—
S mmu
(=) F
< LY ]
10°08
—~
o
~
G
o
= .
. T
— o
© -
en
=
-
——
e =
z
e
4
z H
X Z o
8 /4 0
[ e) 0
[o}
9
dd
Qi
@

1 (ppm)

Fig 62. 1°C NMR of (3i) (150 MHz, CDCls)

101



J

|

1/

| [}/ | | f;'r/ ;

///

s

e,
8
o

861

75

0.
0

JHJ{

7

4.1
3.15

/

—0.07
~~0.00

L0

0.9

(0.8

0.7

(0.6

0.5

(0.4

0.3

0.0

4

Fig 64. 3C NMR of (3i') (150 MHz, CDCl5)

T T
120 110 100

f1 (ppm)

1

T
90

02

80

13000000

12000000

11000000

10000000

9000000

8000000

F7000000

6000000

F5000000

4000000

F3000000

2000000

F1000000




(12000000
11000000
(10000000
(9000000
8000000
7000000
(6000000
000000
(4000000
3000000
(2000000
1000000
L-1000000

-3l

=
g
3310BE?EEA.EEIUBB.:EEA.SZIOM s
D T T B B T T T T e e = e R R = L = R T = R 2
TP P P PN M W SV WP MU P M S S AP ST S S S P 2
n
o
0
I
T
00°0— - FS
<
L=
< 16°L1—
AN
¥E B~
el — €5 607
e - — o
-
"o

e
89 T~
£6 1S~

£1°E

€15

e

61°¢

¥EE ~

o

w57 ™~

6EE

89 §— —

248 48 505 10 18 S LS 18 S o

N A L gt ]

OBz BocHN

O,

0O,

BzO:

NH

BzO-

COOMe

fi (ppm)‘

Fig 65. '"H NMR of (3j) (400 MHz, CDCl;)

OBz BocHN

NH

COOMe

f1 (ppm)

Fig 66. 3C NMR of (3j) (150 MHz, CDCl5)

103



-10

s 2 2 § 2 g 2 2 g 2 8§ 8§ 2 =8 = = o
g 8 € 8 &8 8 8 &8 g8 €8 8 8 8 8 & 8 o g
8 8 &8 8 8 8 &8 &8 8 8 8 8 8 8 &8 8 8 3
= o @ = = = o = o = = s " s g g8 g8 8 8 8 8 8 g8 g8 8 8 8 8 g8 g8 g 2
8 2 8 3 < g 3 E] s 8 k] = g g g g€ § 8 8 8 8 8 8 8 &8 8 8 g8 & g =g 2
= S S S s s s s s s s s S = 2 08 £ R 2 82 B8 2 2 % 8 8 &8 35 =2 =2 B2 v
T 7 T i i i i T i T T T T T - i i h h i T i ; i i : i h | n N i |
[
)
T
I
<
000~ - LS
00— - s
91—
|
S
625
) AT
- 09 08~
62°1 ¥e —m\
161 — — zLe
or 1" 06'8 ' =
4t N Wm,m.o LS D 95 6F~_
07T o O o e
€8 7
86T~ &
T N\ Feso L= Z> £0 %€
=
0g
12
”mw B m
T o
TE'E . 280
o i - Tem 0 [
68 €7 —_ L=
. — HI g
i3 < Falo = =
£ F— ~ Fzgo | ™ -
o—
BEE (LN en
e / WL [ m ~—
o v ~ ¥5'0 = fm
= o
LS &
] & o
¥ .@W
g S~ 654 [ M
oe ¢ — gL [
zec Z
1e7e o -
<
990 — .
090 | = .
9— < ove [< ,.W
2 'L
b - Gl s =N
i ——y gL'y
L —_— . [
£y E— vro |,
L w — 90T [z
—= 6L'L
[ —_— - 0 | =
i [ [ 290 [ |
b k .-.: 'l i
* =z, 8Ly L2 z,
'L 2 o
L 4 4
4 [ =
o & - e
Nz 3 z 3
] Z
o Q
8 d 3 L &g 3
o
do wo
© =]
LS 1
Q
o of
mm e o
Frs
108 -

104

£1 (ppm)

Fig 68. 3C NMR of (3j') (150 MHz, CDCls)




1
1
0.9

0.8

F0.6

0.5

F0.3

F0.2

0.1

0.0

i
HJ

sl s

I
|

/ I

{

f/f ! sl

J

L1

J

BocHN

'COOMe

AcO

&

OhAc
Lo

AcO
AcO

OAc

OAc

—iF6L0

f1 (ppm)

Fig 69. '"H NMR of (3k) (400 MHz, CDCls)

onuoounouuo u
2 28 28 28 28 8 828 28288 2 2 2 2 2 2 2 2 = 2
2 2 £ 8 28 2 £ 8 £ 8 8 8 8 8 8 8 8 g 8 8 g
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 g
£ 2 2 8 8 2 £ 8 £ 8 8 £ &8 8 &8 g 28 g g =g g
S § 2 &8 2 2 § § § £ 5 £ 2 g g g g £ g 8 S
§ &8 8 £ 8 & 5 8 § 5 5 8 g 8 8 8 %8 8 8 2 o 7
—
—
91 el — -
.
g
I
z HC Illm
z =
(o]
zZ 0 Q
£c” WUA
8 e
%

AcO

OAc
%&v“
OAc

AcO

T
190

1 (ppm)

Fig 70. 3C NMR of (3k) (150 MHz, CDCl)

105



COOMe

BocHN,

OAc Ao
c
o, A0
o
OAc

AcO
AcO:

OAc

e = s 2 2 ® 8 ® g 9w g ®w = w = = =g 2
2 8 2 8 8 B 8 % 8§ & 8 8 8 =2 2 &8 8 !
=3 =3 =3 < = = = S S S S S S S S s = ke
7 T : T T T T T T : : : T T T T T !
T
100
0
1
T
1
%
'
%
k3
£
%
£
%
%
£ 3
%
o —
£
¢ —
g ¢ -
R 3 =
5 —
£
k3
£
7
T
T
t —
4 —
-
. T
E —_
W N
- —
T =
N =
€ ~
T —_
[
J —
¢ - =00t

f1 (ppm)

Fig 71. "H NMR of (3k') (400 MHz, CDCL)

s g2 = =2 2 = =2 8 =2 =2 g =2 =2 =2 g =
g2 g2 8 g g & g8 g g g8 g g8 g8 g g8 = 2
g & & &€ & & & & & &8 & & & & & s =
g & 2 & € £ &8 & g8 8 g &8 &8 g8 g g g
E 8 &8 8 &8 & & & & &5 & & & & & s 2
g 2 B 2 8 B8 BB =2 9§ 8 8 58 858 Z =2 2 < i
i h h g g ¢ 7 i i 1 i | | N 1 T i H
3
=
—
T
@
2 ]
8 _
9 —
z ( 2
5 Q 3
2 <
@ Q
%

Lo
OAc

AcO
AcQ

9

f1 (ppm)

Fig 72. 3C NMR of (3k') (150 MHz, CDCls)

106



F3.0
8
4
0
8
6
Fl.4
F.2
FL.O

F3.4
F3.2

+-0.2
FGU0U000

+5500000
5000000
4500000
+4000000
3500000
3000000
500000
+2000000
1500000
+1000000
500000

o

=€26 o
— = 91

A
ooy
(=R =]
-

£1 (ppm)

Fig 73. '"H NMR of (31) (400 MHz, CDCls)

'COOMe
S b
5 —
T

-1
-3
~
(=]
T

5

BocHN
BzO

BzO

OBz

BzO

107

f1 (ppm)

Fig 74. 13C NMR of (31) (150 MHz, CDCls)

'COOMe

BocHN
BzO o8z BzO,
2t g 2
o BéD
Bz0-
0Bz
0Bz




L ELEEE e PP EEL P ELEEE PO L L P

233888

208

I /

. |
/fn(,"ﬂffm'w'} b Sl /]

N
Z

BocHN
=] NH

[Bz 0OMe
BzO o B0 BzO
0.
BzO:
OBz
OBz

s
N
BocHN
o7 NH
0Bz
820 Bz0 COOMe
o BZO
O
B20 o
‘OBz
Bz

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm

Fig 76. 3C NMR of (31') (150 MHz, CDCl)

108

o4

T T T
0.3 -1.0 -L5&

+14000000

+13000000

F12000000

F11000000

+10000000

9000000

8000000

7000000

+6000000

5000000

4000000

3000000

2000000

+1000000

Lo




AR RN EERER YL AR RIREISARMHNEESEREANSBE88ANS

SESLBSBEE SIS EE S A F A FFFF IS f ededed S L

2
=8
]

<

[

851 i~

091/

3
0
0.85
0

——

Semo e
ELABERRETES

SHEET
FERBBBERER

F0.011

=0.010

0. 009

0. 008

0. 007

0. 006

0. 005

0. 004

0. 003

0. 002

0. 001

1 F0. 000

100 8% S0 70 60 50 40 30
f1 (ppm)

20 200 190 10

Fig 78. 3C NMR of (3m) (100 MHz, CDCls)

109



0.9

(0.8

0.7

0. 6

0.5

(0.4

(0.3

(0.2

0.0

BocHN

OBz

BzO:

Bz0'

BzO-

COOMe

-1.5

f1 (ppm)

Fig 79. '"H NMR of (3m") (400 MHz, CDCls)

uunnnnn n
28 8 8 8 8 8 8 & & 2 = 2 =2 = = a 8
E £ § £ &8 £€ £ ¢ g &8 &8 &8 &8 8 &g & g
g 8 8§ § § 8§ 8 8 8 8 8 8 8 8 § & g
E & &2 &8 8 §8 8 &8 & & & & & & & & =
20 - ST - T T T - S - - R S S-S - - A s
e 8 ¥ & § 7 8 g 8 8 8 8 &8 &8 § & _ %
9 BT~ — —
19°60— -
06 1E=" -
TF BF~ PR
1€ 2¢
ee.uHVr
e —— e
1 r———
I
-
7
ol e
ﬂmw
Q
@0 )0
d o
Q,
o
a
9F
E

=)

£1 (ppm)

Fig 80. 3C NMR of (3m") (150 MHz, CDCl:)

110



—5.20

—38.

b7
ol S s J S /{ [ Vs / L6

NH

i
i
BocHN l
S TP
H o

VAR poenr s

.23
2

6. 30
—5.90
5.2

— 1.4
1
1
—0.07
—0.00

—171.98
~170. 38
— 16414
—15.51

NH

.
N
N
BocHN I‘
L NJLB,D\
H

T ] T T T T T

25 84582 g2 3 @ 5 8 %5 23 a1
oo oo o o - @ N

5 45

1 (ppm)

28 31
28.28

&
-4

8500000

17

—136.23

—54.99
=~-53.03
—49.66

<

8000000
7500000
7000000
6500000
6000000
5500000
-5000000
4500000
[-4000000
-3500000
3000000
2500000
2000000
| 1500000

H 1000000

i | I

F0

500000

T T T T T T T T T T T

150 1o 130 120 1lo 100 80 80 70 60 50 40 30 20 10 0  -10
f1 (ppm

Fig 82. C NMR of (6a) (150 MHz, CDCls)

111



—5.79
—5.38

143

29
26

A1
=1

—0.07
~~0.00

53
o
1.5 100 9.5 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 L5 1.0 05 00 -0.5 -L0 -L5
f1 (ppm)
2 El - 10000000
o “ &
£ 8 &
| I
9000000
-8000000
-7000000
6000000
\) (3000000
o!
N 4000000
oo
BocHN *
0 O
N 3000000
2000000
]
! 1000000
1
|
[ ] b
i 1 i
1J|J Ll ; [ NPT | "
T y T T T T T T T T T T 7 T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 6 50 40 3 20 10 0  -10

£1 {(ppm)

Fig 84. C NMR of (6a") (150 MHz, CDCl;)

112



[

BucHNr(Q

o JOAC I

AcO N NH

AcO o.
AcO NH

COOMe

:‘i‘ J,—J‘.JM‘L-.

(6000000

(5500000

[-5000000

(4500000

(4000000

(3500000

(3000000

(2500000

(2000000

(1500000

(1000000

500000

0

1.07
1.13
1.08
1.19
=4 0.99
1.04

=53
w0
@

0

72. 2

1609, 84
— 156. 14
—136. 34

P2

76, 82
69,53

68, 71
67.92
66, 99
—60,93

£
X

. 46

49,10
{QE‘ 90

55,48

5

20,84

2828

0,
0. 68
17. 41

{

15000000

14000000

13000000

12000000

11000000

10000000

F9000000

~8000000

7000000

6000000

5000000

4000000

3000000

F2000000

F1000000

ro

Fig 86. °C NMR of (7a) (150 MHz, CDCls)

T T
100 90

f1 (ppm)

113



Q
9
<

o ) @ @ - ) Y « e
4 - S S S S S S S
| i i i i i T i
000"
1070
1
1
4
5
]
]
o
€
€
€
3
€
3 —_
i -
b4 ~
]
b
1
¥ [
b -
~
— ™~
—
— -
-
~
-2
=
S~
-
-
—_—
@
=
-]
o
z O
ES
T
g
]

10.0

10.5

f1 (ppm)

Fig 87. '"H NMR of (7a') (400 MHz, CDCls)

6000000

5500000

5000000

4500000

4000000

3500000

3000000

500000

Lo

(2000000

1500000

1000000
500000

BocHN,
OAc

NH

N
NH

)

A

AcO
AcO'

COOMe

200

210

f1 (ppm)

Fig 88. C NMR of (7a') (150 MHz, CDCl:)

114



Fa.4

3.2

F3.0

F2.8

F2.6

r2.4

2
]
F1.8
1.6
4
2
FLO
0.8
0.6
0.4
0.
0.0
+=0.2

10°0-—

88—

AN | I

/

268

= Fo6)

09°€
va. 3

=¥80

BocHN

1 (ppm)

Fig 89. 'H NMR of (6b) (400 MHz, CDCls)

= n = o = o = o ) Iy =

3 Z =1 B 2 8 8 2 ] 8 ]

g = =y 2 g g g 2 s g 8

g 8 g g g g 8 g g 8 g

=3 < < =3 < < < < S =] S

T i i T T T T i T i T

=

12 8T~ |i
89 5 =

60 ¥F— -—3

2086 — —

91 96— —

8091 B

ze L 3

508/ =

—

—

6@ ee]— -

£ FT— -

1€ 91— O.\ —

oLE —

200 19 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
210

220

Fig 90. 3C NMR of (6b) (150 MHz, CDCl)

115



00 0-—

err—

rele

Ar 7

{

/

v

f1 (ppm)

Fig 91. 'H NMR of (6b") (400 MHz, CDCL)

r0.016

0. 015

F0.014

F0.013

+0.012

F0.011

0. 010

0. 009
0. 008
0. 007
0. 006

0. 005

0. 004

0. 003

0. 002

0. 001
0. 000

r=0. 001

60 T —
€6 el
sc91”

€9 TLT—

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

0

Fig 92. 3C NMR of (6b') (100 MHz, CDCls)

116



wrononona oS

gemee ZEoRReIzeAGRLTaNeenaeEeEgeRTansanenengagas Lo 0
pppie i bbb eisiiefeioleioletol-iielcioiiifibtielefefebb i it -
[ e ——— T —— Lo
( L8
L7
L16
J / J ‘ »
sl Yy} nNso s
13
Lo
F1.1
Lo
0.9
Lo.s
MHNI@ 0.7
I
AcQ C’::o N —NH Lo.6
AcO. o.
AcO’ NH
COOMe
i
288 5 e
(=X "] o (=]
; e e e e e e e e T
15 100 95 90 85 80 7.5 T0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0.5 -0

£1 (ppm)

Fig 93. '"H NMR of (7b) (400 MHz, CDCls)

24
&

6. B:
'8, 28

0. 66

F15000000

111. 40
0. B:
0. 7.

110.06
110.03

—15.15
—136. 34

_-45.99
—a30e

f
<~
s
<

14000000

13000000

12000000

F11000000

F10000000

F9000000

+8000000

7000000

+6000000

5000000

4000000

3000000

2000000

| 1000000

[ . [,

T T T T T T T T T T T T T T T T T T T T

21‘0 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

o
.'_
15

Fig 94. 3C NMR of (7b) (150 MHz, CDCl)

117



5

4

3

.2
1
F1.0
F0.9
0.8
0.7
F0.6
F0.5

F0.4

0.3

F0.2
F0.1
F0.0

0.1

BocHN,

AcO
0.

COOMe

Ei80
wT
W._.N.N

Ele
Farg

Ev0L

£1 (ppm)

Fig 95. '"H NMR of (7b") (400 MHz, CDCls)

+0.013

0,012

0.011

0. 010

0. 009

0. 008

0. 007

0. 006

0. 005

0. 004

0. 003

0. 002

0. 001

0. 000

BocHN,

COOMe

f1 (ppm)

Fig 96. 3C NMR of (7b') (100 MHz, CDCls)

118



Gemmoonm ooy @@ e amwae .
LNZ258EST 25 a8 SRIZAs
B e A | ek o

<
%
Y
<
<
£
Y

IV N [ f ’ s

1.15
0.94

—0.08
~-0.01

BocHN
[ T M 1 T o
o WD MO o= (=] @© w o
S® SwmSve o~ 9 o o @

T T T T —F9—=Q=c=r 00 = 0 2

2.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6. 6.0 5.5 5.0 4.5 4.

f1 (ppm)

Fig 97. '"H NMR of (6¢)

VAT I V7

— 36,89

8. 24
2817
—15.17

~24.50
11.59
11,28

<L

0. 021

0. 020

~0.019

~0.018

F0.017

0. 016

F0.015

=0.014

~0.013

r0.012

~0.011

=0.010

0. 009

0. 008

F0. 007

0. 006

0. 005

0. 004

0. 003

0. 002

0. 001

0. 000

F-0. 001

230 " olo 200 190 180 170 160 150 140 130 120 10 100 80
£1 (ppm)

80

Fig 98. 3C NMR of (6¢) (100 MHz, CDCls)

119



(11000000
(-10000000
9000000
8000000
(7000000
(6000000
000000
(4000000
(3000000
000000
1000000

3l
o)
0

(13000000

12000000

s o
g 2
- 5 8
o - - o - o & @ ~ @ o - o a - o : g =
: : ? : ! : < 5 g
T ini in T i T T T < bl T < bl T < < I = =
o
n
w
[+
0 0=~ - LS
00 - = 62 11—
e el—
50 Fe
L) el ©
9.0 —_— = o
i — ~ Epre . i~
s Fa 085
g—  —— S 76 [0 .I.\3/ 898 —
10T— f:ﬂ 6L1 - O
180 |o D
12 o (O
ol 8638
3 -
et o N oL 'se—
BEE H
o - M 66 09—
g E [
¥ ~ 860 ()
9 E : 5 0L
6 F — M«mo L= m LA
L9~ w6z |~ Yol
iix ~ ke el
08 n.\1 L= o
i8E -
A G Fevo} . &
132N 2tz
e - F060 [+ = 4
=
o
o
Fus hKu 667601~
78801
~ Fi50 [ M
v Z
o el
18 — GL0 - ﬁHu
FS =
- 850 | R
- gro @
\ .20
P mﬁmm._. [ &9
= ouA‘ L
£Le
— = vz | 29-ger—
= o] 660
- |V|Nn w...:: 180~
— ZTy WS ot
= o= 2 880 |~ Ly
F4 ._ 68121
w
O. [od
=z o
[a
“
[a
o
re

120

f1 (ppm)

Fig 100. 13C NMR of (6¢") (150 MHz, CDCls)

0
THLO,
(o]

N
N

NHE&
b—

N

200

210




2

1
F2.0
rl.9
1.8

7
Fl.é
Fl.5
1.4
F1.3
r.2
FL.1
rl.o
0.9
F0.8
F0.7
F0.6
0.5
F0.4
r0.3
F0.2
Fo.1
0.0
0.1

13000000

12000000
11000000
10000000
9000000
~8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000

-0.5 -L0 -L5

i,

B i i o i o o e

£1 (ppm)

s
Fig 101. 'H NMR of (7¢) (400 MHz, CDCl;)

ol

s
NH

BocHN,,
DOAc
NH
COOMe
9.0

% o
cQ’ NH

AcO
AcO-
A

10.0 9.5

10.3

26601~
2E T
2881~
Z00eT "
£ L7
1z mn—\\
¥ e

BE PET—

BocHN,,

OAc

e NH

o

S o
o0 T
coome
I
1
IM

AcO
AcO.
A

121

£1 (ppm)

Fig 102. 3C NMR of (7¢) (150 MHz, CDCls)




| f
A

—111.19
—109. 8

+-10000000

19000000
18000000
7000000
L6000000
+-5000000
F-4000000
0 3 3000000
AcO C. N
2000000

1000000

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -10
f1 (ppm)

Fig 104. 13C NMR of (7¢") (150 MHz, CDCls)

122



FL.3
F1.2

1
FLO

0.9

0.8

FO.T

F0.6

F0.5

0.4

00°-—

i

IS

/

voroam

1 (ppm)

Fig 105. 'H NMR of (6d) (400 MHz, CDCls)

0. 014
~0.013

0. 012

=0.011

0. 010

0. 009

0. 008

0. 007
0. 006
0. 005
0. 004
0. 003

0. 002

0. 001
0. 000

BLAT~

86 BT—

¥ s —
62 DE—

09 "geT—

Srr—
09891

#9601~
ta"

-20

£1 (ppm)

Fig 106. 13C NMR of (6d) (100 MHz, CDCl)

123



F3.0

00°0—

€T —

Fzo9

=0T6

F96'0

=090
=980

60
wmom.o
02
Mww‘w
=102
Eeoz
960
ﬂﬂ@.o

e

o

o

(17000000
(16000000
(15000000
(14000000
(13000000
(12000000
(11000000
(10000000
(9000000
(8000000
7000000
6000000
{-3000000
(4000000
3000000
2000000
(1000000
o
-1000000

f1 (ppm)
f1 (ppm)
124

130

140

Fig 107. '"H NMR of (6d") (400 MHz, CDCl)

150

Fig 108. 3C NMR of (6d') (150 MHz, CDCls)




F3. 2% 10
F3. 0% 107
Lo.gx 107
26X 107
2. 4% 107
L2 2% 107
F2. 0% 107
L1sx1o
Fiex 10’
1. 4% 107
L1 2x10”
F1.0% 10"
k. 0% 10°
L6, 0x 10
e 0x 10
L2, ox10°
L-2.0% 10°

~0.0

=5 =
- o o @ = ® owm W m oa a4 o @ ®m = ® e % o, ow o o SIS
el S s A H S A S S 8 8 8 & &8 &8 &8 & & & T s =
LY. T.7T.7r. T 7. T T8989 .90 .0F 00 ?
w B
n
=
n
I
Fo
]
] |
= 091
mom—”
L %%W
S &1 0
w\.mmm 82T
oE o Hw>
fanl
@)
o
m
| o
— (=]
A N
i =
e} — . ~
Y — [ ~
+7 C G
i ~ @ °
i &
) 09501~
~ eI
y . =
4 ! N
X
]
=
B .
<
. [o)
<] ~
g4 () 66 081 —
9 —
4 o0
. —
W —_ &9
N. - 98 901 —
W\. ) '
z
® —
1 z
Z od 3 e
ces— - £, =0 [
&% 9
9 <
8 o< o
=
o
=
s
P’

125

£l (ppm)

Fig 110. '*C NMR of (7d) (150 MHz, CDCl;)

BocHN,,
OAc
AcO R o NH NH
AcO "W
AcO’ i
CooMe




FL.8

0.9

r0.8

F0.7

0.6

0.5

r0. 4

F0.3

R ) A TS

-]
5155 63 4 4 46 16 5 5 4 0 o

g
<

PGNP RN P

e e

BocHN,

AcO

AcO-

AcO’

COOMe

€0l
€L
€01

Fago

vl
mmm.m
864
Tz

o980

f1 (ppm)

Fig 111. "H NMR of (7d") (400 MHz, CDCls)

(16000000

(15000000

(14000000

13000000

12000000

11000000

-10000000

[F9000000

8000000

(7000000

6000000

000000

o

(4000000

3000000

000000

Loy

1000000

-1000000

BocHN

AcO

AcO’

COOMe

T T
140 130

T
150

f1 (ppm)

Fig 112. 1*C NMR of (7d') (150 MHz, CDCls)

126



P PR T ]

QL BN ENO DB
SSB ERLZCSEREREE
o

i o o o i e e ed el

LN

—0.07
—0.00

u “ug®s
SEHSRA ZH2RE!
i

—1.30

f/fjff 5o Ve J///

I I

o e

2 83 & 2383

o o =1
3.0

55 50 45 40 15
f1 (ppm)

=)
=
©
@
o
=
@™
@
o™
=3
=
@

Fig 113. 'H NMR of (6€) (400 MHz, CDCls)

(0. 021

—17%
—169. 18
—163. 7
—155.38
— 355,

o

>

04

2. 88
—37.64
8. 26

8. 19

(0. 020

<

(-0.019
0.018
+0.017
+0.016
(0. 015
(0.014
~0.013
0.012
0.011
M Lo. 010

BocHN N NJKA'O\ o000
(0. 008

+0. 007
(0. 006
0. 005
(0. 004
0. 003

(0. 002

‘ 1 ‘ Lo. 001
L L N 0. 000

~—0. 001

220 210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 30 40 30 20 10 0 -0 -20
f1 (ppm)

Fig 114. 3C NMR of (6e) (100 MHz, CDCl;)

127



5.08
1.10

1 101
1.90
1821
086«
0731 5

. e nneninazs
232 eronenoEEss
o o eieded wiedcicicied
N2 [ECSPRVE=S

142
1.40
0. 00

<

933

TR B

Iy

—28.23

(0. 0095

0. 0090

0. 0085

(0. 0080

(0. 0075

0. 0070

(0. 0065

(0. 0060

0. 0055

0. 0050

0. 0045

0. 0040

(0. 0035

0. 0030

(0. 0025

(0. 0020

0. 0015

(0. 0010

(0. 0005

(0. 0000

220 200 200 190 180 170 160 150 140 130 120  1l0

Fig 116. '*C NMR of (6e") (100 MHz, CDCl)

100 90 8o
£1 (ppm)

128

[-=0. 0005



f [
/) /////J [r

Il

168, 92

8

5. 06
5

85
=3
s

171.59

171.41
171.36

170. 3

B80. 88
50, §

16956
16
55,
é. .

—60.12

—a7.87

7

q

L L

“Iu | A1

T
0.0

T T T
-0.5 -L.0 -L

T T T T T T

T
100 90 80

1 (ppm)

T T T T T
210 190 130 120 110

Fig 118. '3C NMR of (7e) (150 MHz, CDCl;)

129

5

24000000
23000000
22000000
21000000
20000000
19000000
18000000
F17000000
F16000000
15000000
14000000
13000000
F12000000
F11000000
10000000
9000000
8000000
F7000000
6000000
5000000
4000000
3000000
2000000
F1000000
=0

=-1000000



F1.8

7

1.6

5

4

3

2

1

FLO

0.9

0.8
0.

F0.6
0.

0.4

F0.3
0.
0.

(0.0

0.1

P

)t

f

Jerstar |

I

P R R T

R R o A

COOMe

BocHN,

-1.0

-0.5

0.0

9.5 9.0

10.0

f1 (ppm)

Fig 119. 'H NMR of (7e') (400 MHz, CDCl;)

5500000

(5000000

4500000

(4000000

35300000

(3000000

500000

Lo

000000

Loy

1500000

1000000
500000

BocHN,

AcO

AcO

COOMe

I

£1 (ppm)

Fig 120. 3C NMR of (7e") (150 MHz, CDCls)

130



© © - o ° © - o @ © @ o !
o ci o o ci = - — S = S S T
| i h h | | i | i i i : i
00°0— -
- T Foze
—m._W
6°1
ik o oz
sl 6LE
] = 8L
z.“W ~ F
b
e1E
e
»QW .
B f,/ T.mp
wn.nw
9 g
8878
we— — Frre
£FF
:‘vW
b
e S~ Fsoz
e
mm&N
[
§28— ~ - FsLo
— =680
~ 260
- -< g0
—_ 960
= €Lt
-~ 0k
mrmm.o
/
w
[
/

1 (ppm)

Fig 121. 'H NMR of (6f) (400 MHz, CDCL)

2. 8% 107

L2, 6107

F2. 4% 107

F2.2x 107

Lo, 0x 107

F1.8x107

FL 6% 107

H1.4x 107

12107

F1Lox 107

k8. 0 10°

H6. 0 10°

4. 0% 10°

L2, 0x 10

0.0

L2, 0x10%

£0°¢1—

8182
0% muW
£L 62
508/

162¢
0 .mmv
sree”

£9°9L
#0 :W.
€71l

o8 057

£6 601
e .c:V
o1t

sLosll—
8161

o
£8 721

Vs
L ite
L670ET—

€291 —

geeer—

£0°F91—
o 61—

2 eI—

f1 (ppm)

Fig 122. 13C NMR of (6f) (150 MHz, CDCls)

131



0. 75

0. 70
0. 65
0. 60
(0. 55
0. 50
+0. 45
0. 40
0. 35
0. 30
0. 25
0. 20
0. 15
+0. 10
+0. 05
t-0. 00
0. 05

00°0—

15000000

000000

-5

(14000000
(13000000
12000000
(11000000
(10000000
9000000
(8000000
(7000000
(6000000
(4000000
(3000000
(2000000
1000000

0eT—

e
foee s

8 9L

f1 (ppm)

Fig 123. 'H NMR of (6f") (400 MHz, CDCls)

¥TLL

208

Fo

132

£1 (ppm)

Fig 124. 13C NMR of (6f") (150 MHz, CDCl:)



© - B B @ © - = @ © - ca =)
el el el ] - - - | - = =3 = =3 S
h h h f n N n N n T T T T T
— T~
—
o —
£ =
£
£
£
€
ot °E
L1 N
H -~
i ~
2}
~- —
—
—
~
-
e mww
- Spg
— 660
I 2 [
= o
- Hh\ o -—F880
Z 2 S
T
) $ Z 8
L z 00 o
. %o
L § o r
L <)
” e
19°L g e< L
<

£1 (ppm)

Fig 125. 'H NMR of (7f) (400 MHz, CDCls)

= s = = = = =
2 53 S S 5 S 2 =2 2 =2 = 2 = 2 =2 2
2 =] s = 2 2 2 2 =] 2 g 2 2 2 2 2
= =] 51 =4 2 s = = =] 2 51 2 s = 2 2
2 =3 s S 2 S = 2 53 2 S 2 s = 2 =3
2 =] =1 =3 8 g g 2 =] 2 =] 2 g g 2 e
3 S = 51 = S = = S = =1 = S =4 S =
= i 3 ] b= = 3 2 = 3 A S = a = = |
N I N N 1 N 7 i I ; i i i ) 1 i 1
BE PN _
0L 0%
28700
E8 0L
€8 0g
SE L%
4 mnW _ —
SEBE -—
960
012
98 60T~ J—
9 TIT— .
00 61T~ ——
86611~
£0TL=F =—
ags
82T -
9% 9T — —
g — —
. ® —
z 2 —_
I ®
F3 T =
> z 8
Z o0 3]
3.
83 ]
o 9
o <
2 9
<

f1 (ppm)

Fig 126. 13C NMR of (7f) (150 MHz, CDCls)

133



gy =
[ |
¥ v il
Y [ Hi i I
EncHNIYQ
OA I
AcO 0‘0 NH N‘
AcO. Om 3
AcQ’ /S
NH Me
COOMe
12 11 10 9 3 5 3
2 & sr883 EEERESS
g EE] bged=tog s ggddddg
| SV S
EuHNI\@
I
AcO O:CO NN
AcO Oﬁ
AcO’
A ‘SMe
COOMe
! |
|
. i
i‘l h L L | L
. T T T . T : T : - - - - - - . : : T : T T
210 200 190 180 170 160 150 140 130 120 110 100 9 S0 70 60 50 40 30 20 10 -10

f1 (ppm)

Fig 128. 13C NMR of (7f") (150 MHz, CDCls)

134

4000000

3800000

3600000

13400000

3200000

3000000

2800000

2600000

12400000

2200000

2000000

1800000

1600000

1400000

F1200000

1000000

+800000

F600000

400000

1200000

ro

+-200000

8000000

7500000

7000000

6500000

6000000

5500000

F5000000

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

F500000

-0

=-500000



F3.0

r2.8

2.6

I A N N R l/ff// [+

2.2

F2.0

rLg

HN__| Od s

BocHN HN L,

C=

{ _©
o

3

01-%
212~

300/
1043

Pl
&
(=]

0929 ==

1

“11.02% —-

w083y
0.95-7
3=

b 4
f1 (ppm)

F3. 8107

e

—172. 80
—169. 40
—60.49
_-52.89
9. 19
8. 30
26,60
24,98

<3

—iT

3.6 107
3. 4107
Fa.2x 107
3. 0% 107
F2.sx 107
2.6 107
b2 4x107
2. 23107
F2.0x 107

d F1.8x107

o I
BocHN ‘
HN b1 6107

N )
U % kL. 4x107

Fi2x10’
1. 03107
k8.0 10°
6. 0x10°
4.0 10°

L | k2.0 10%
| t Lo.o

F-2.0x10°

2o " 200 1% 180 170 160 10 140 130 130 110 100 %0 80 70 60 50 40 20 20 10 0  -lo
£1 (ppm)

Fig 130. 3C NMR of (6g) (150 MHz, CDCl;)

135



3.84
3.68
3,86
3.85
3.61

A
4
N
X

347
225
3.24

V4 H I /(/

2

9

7
425

—0.07
~-0.00

=] 9.18=

29,67
2834
4.91

—172.01
— 169. 39
—164. 11
—155. 24

—65.25
—60. 60
—4L 4

—

| —
—
——
L
_
-

23000000

(22000000

(21000000

20000000

19000000

(18000000

17000000

(16000000

15000000

14000000

13000000

12000000

11000000

10000000

3000000

8000000

7000000

6000000

(5000000

4000000

3000000

2000000

1000000

0

-1000000

T T T T T T T T
100 90 80 70 60 50 40 30

f1 (ppm)

T T T T
210 200 190 110

Fig 132. 3C NMR of (6g") (150 MHz, CDCl)

136



S YN reer— ————
|
[ | ‘If |
, foadl ol S s .

COOMe
| il "
i TN R L e s
~ O=MOO DO ODIDODOO M ND E‘PO w
@ Al bt b R L NON
T —S — o=y T T LD e i B e S e e T T T T
w0 95 90 85 80 75 70 65 60 55 50 45 40 45 30 25 20 1.5 1.0 0.5 00 -0.5 -L0 -l
f1 (ppm)
: 1
Fig 133. 'H NMR of (7g) (400 MHz, CDCls)
= g EEEH] 5228538
8 8 Hudy dgudsdd
I | N4 N
Bw—w}/@
Ao O o N L
i}
ACO OYQ
AcO’ NH
COOMe
|
X |
i ,\I‘, | | , | W
| | 1 i H H !
|- LU o |
210 200 19 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Fig 134. 3C NMR of (7g) (150 MHz, CDCl;)

137

rl.1

FLO

F0.9

F0.8

F0.7

F0.6

F0.5

F0.4

F0.3

F0.2

F0.1

F0.0

--0.1

8500000

8000000

F7500000

7000000

F6500000

6000000

F5500000

5000000

4500000

4000000

~3500000

3000000

2500000

2000000

1500000

1000000

500000

-0




1
1.0
0.9
0.8
F0.7
0.6

0.

[

S S J/M/J

-

s

BocHN,

COOMe

-0.5

= 90'g

LY
168
62TH

T e AR
]
!—Q‘

-1.5

L0

f1 (ppm)

Fig 135. 'H NMR of (7g') (400 MHz, CDCls)

10000000

9000000

8000000

(7000000

6000000

5000000

4000000

3000000

2000000

1000000

8L 601
88 S_V.

10611

COOMe

-10

f1 (ppm)

Fig 136. 3C NMR of (7g") (150 MHz, CDCl)

138



F4.0
F3.0

o o Fed el e ol o e e g o it

—

+80€
126

Faov

20000000
19000000
18000000
F17000000
F16000000
15000000
14000000
13000000
12000000
F11000000
10000000
9000000
~B8000000
F7000000
6000000
000000
4000000
3000000
2000000
F1000000

5

139

f1 (ppm}
f1 (ppm)

Fig 137. '"H NMR of (6h) (400 MHz, CDCl;)
Fig 138. '3C NMR of (6h) (150 MHz, CDCl:)

150

160

SN
H
170

N

o

T

! g‘n’u

N
T
180

190

BocHN
200

210




0

BocHN

g

¥

Ay

Q

1T F‘I/ /

Lon
o

/s

s

f

(
Je/l [

GRS UP s

1

1

1

1

1
—0.07
~~0.00

Fig 139. 'H NMR of (6h")

&

F
g
/

N =Y

8500000

8000000

7500000

F7000000

6500000

FB000000

5500000

5000000

4500000

4000000

3300000

3000000

2500000

2000000

1500000

F1000000

500000

0

~-500000

T
110

160
1 (ppm)

T
90

Fig 140. 3C NMR of (6h') (150 MHz, CDCls)

140



0. 60
~0. 55
F0.50
F0.45
0. 40
F0.35
+0.30
0. 25
=0. 20
0. 15
F0.10
0. 05
~0. 00

T T
0.5 -1.0 -1.3

0.0

0.3

ridiciricicdeicicicicicicici eicicial =

1 (ppm)

9.0

BocHN
COOMe

T

0 0 10 0 06805 15155 15065165 1505 165 055 5 U0 16 U o < o o o o o o o o o
10,0 9.5

T

10.5

T

1.5 110

T

Fig 141. '"H NMR of (7h) (400 MHz, CDCl;)

000000

14000000

13000000
12000000
F11000000
10000000
9000000
8000000
7000000
6000000
5000000
4000000
3000000
1000000

0

BocHN

COOMe

(Ll

|

L

I

£l (ppm)

00 190 lé() 170 160 150 140 130

4

210

Fig 142. 3C NMR of (7h) (150 MHz, CDCl)

141



Iilrer ol

[
o )'H/ S/

s il f’ /

z
3
o
~z

avk

rLo

F0.9

0.4

F1ououeou

(9000000

(8000000

(7000000

(6000000

5000000

4000000

(3000000

(2000000

(1000000

o

I (]
T P P R
H8URREIY 8 &5 883 852R8RCKI&EY B5HEBLERL
co-ooNNO o (=] oo —FrrONTTONON~O O=OWOr=NON
0.0 95 90 85 80 75 170 65 60 55 50 45 40 35 20 25 20 L5 L0 05 00 -0.5 -L
f1 (ppm)
Fig 143. "H NMR of (7h") (400 MHz, CDCI3)
S
BocHN
L
aco R A, :
202 o /
AcQ’ NH )
COOMe
|
‘l‘ A \‘ , 1
el bl /
I ]
I L L Ukl . J
2o 200 160 180 170 160 150 1o 130 130 1o 100 9 s 70 60 30 40 30 2 10 0  -10
21 (ppm)

Fig 144. 3C NMR of (7h') (150 MHz, CDCls)

142



22 Y353 BEREIBAANA3ESESANSCESTSINNERaRes85S83588538988282,8
B B B R e L e DL L L Do D DL L e E e e g L7
i e P ™= T ————— :
.6
1.5
| Fl.4

1.3
/ 7 r s s S f/// /

1.2
L1
1.0
0.9

0.8

sask
geck

16000000

76,84

15000000
14000000
13000000
12000000
F11000000
10000000
9000000

8000000

7000000
HN

o 6000000
BocHN
N

5000000

4000000

3000000

2000000

1000000

-0

2o 200 19 180 170 160 150 140 130 120 1l 100 S s 70 & 50 40 30 20 1o 0 -o
f1 (ppm)

Fig 146. 3C NMR of (6i) (150 MHz, CDCls)

143



s =2 = =2 =2 =2 2 = =
g g8 8 8 € & 88 8 2 =2 2 g = @ s = 2 g
g 8 8 8 &8 &8 &8 &8 8 &8 &8 &8 8 8 g 8 8 s
- o o © ~ © 0 g &8 &8 8 &8 8 8 8 8 &8 8 & &8 8 g 8 8 g
g X s 8 8 8 & 8 8 g &8 &8 8 8 = s
I In < g g s s = 2 2 ] 2 5 2 2 = 2 3 2 e 2 =1 2 = =
= &5 = 2 = = = = & 8 &8 3 B 7 g 8 = o T
n n N n n N | N 1 i L T 7 i i h | i i
=
n ¥E9E—
fii/ a
J 9Ly —
Al FDV ;Hn/
00°Ee—
'S
m 96 8¢ —
~
N S ia
— S
CCoLL -
— m e
<
~. o
— \°
FE N—"
S 5 G
=
R CE BT~ R
N M 16601~ 3
8€ 611
Z I =
29221 .
s H Fe LTI~ —
= 93 5%.
e EI—r o=
. Bl R pe—.
>~ w 8_.\ pp—
9z T
o~ M £ 61z =
arse1f
on
T =
rfﬂff €8 el — -
—_
o
=)
=

144

f1 (ppm)

130

140

Fig 148. 13C NMR of (6i") (150 MHz, CDCl)

190 180 170 160 150

00

o)

210




[ [ |
| [ (o { f
e Iy y La s il s 4l ,/|.‘ ‘ \ll

BocHN
§!
H 4
AcO UANHO N
AcO. o.
AcO’ NH
COOMe
'
y
M
T P T A ey i e el B f P
& 3x38% I S5ARREZ2IRBE533 852 2 28
. r r . = IQFFFF o NQV—QQQ‘-‘-(I\I")Q\-QN NV—Im & q’n - T f
o n 10 3 § 7 § 5 K 3 2 1 0 R R
£1 (ppm)
Fig 149. 3C NMR of (7i) (400 MHz, CDCl3)
| |
BocHN
CN%
. Y Y2
aco N o”‘NHD y
AcO. o.
AcO NH
COOMe
. - | 1
! 1 1
IR e (Y
I Ll 1L Y N Y W R

20 200 190 180 170 160 150 140 130 120 10 100 90 80 70 €0 50 40
f1 {(ppm)

Fig 150. 3C NMR of (7i) (150 MHz, CDCl:)

145

r0.60

F0.55

0. 45

0. 40

r0.35

F0.30

F0. 25

F0.20

F0.15

F0. 10

F0.05

0. 00

10000000

9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000




FEEEEEY 2 s [ BRRBLSBREINRRRSINRN 85I BEELISRRBNES |, 4
ey S S S e g og g
1.4
( 1.3
[
‘ | { 1.2
( / H / b1
‘ .
7l A/ // s /// Jf/' / /1/ I
FLO
Lo.9
Lo.8
Lo.7
0.6
BocHN
aco R ALC "N
Ao o L_com Lo.4
AcO NH (N
|
COOMe Lo.a
Lo.2
| F0. 1
' |l
0.0
Pt A o b, b e A [t o
8BERGGER 2C83588ERe3 g3c 5 = 0.1
T T T r el e, T P B IS e e —G=a. @ 0. T T T T
10.5 10.0 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 L5 10 05 00 -0.5 -L0 -L5
£1 (ppm)
Fig 151. 'H NMR of (7i") (400 MHz, CDCL)
RESsleE N
F4500000
F4000000
3500000
3000000
12500000
F-2000000
BocHN
L
neo P ALO 4 k1500000
Ao O A _coms
A’ NH If
COOMe 1000000
500000
] , | II II I
| I
T b el L,

Fig 152. 3C NMR of (7i") (150 MHz, CDCl)

146



FLO

0.9
r0.8

0.7
ro.s

r0.5
F0.3
F0.2
0.0

?\2—0’
[
{ c§*NH

F9000000

8000000
E7000000
6000000
5000000
4000000
3000000
2000000
1000000

T T
-0.5 -1.0 -13

T

T
0.0

6298
a¢ =mv

@9 9r~.
6E LV

8L ¢
66 ,nm,Vv

f1 (ppm)

Fig 153. 'H NMR of (6j) (400 MHz, CDCL)

T T T

0 10.5 10.0 9.3

T
11

f1 (ppm)

150 130 130

160

170

Fig 154. 13C NMR of (6j) (150 MHz, CDCls)

147



.4
F0. 1
F0.0
0.1

BRYTNARFARIES
COoOrcnr ==~

==

Fes

b

=]

b

Foo

+20000000
+19000000
18000000
17000000
+~16000000
+15000000
+14000000
+13000000
+12000000
11000000
10000000
9000000
8000000
+7000000
~6000000
5000000
4000000
3000000
2000000
1000000
+-1000000

-0

£1 (ppm)
T
f1 (ppm)
148

110

20

130

140

Fig 155. 'H NMR of (6j") (400 MHz, CDCls)
Fig 156. 13C NMR of (6j') (150 MHz, CDCls)

160 150

170

200 190 180

T
210




Sowme
BIEIEEIA

H20E23%68

sgnsmzgar

HELAAI82S 2283

BEERCBEER

e mneTaa
EHBIBIIZ

34
14

]

3.

———

| [
f

S ”"ﬂ

1|
Y .‘ﬁ‘/ /I

[

|

[ I{ff J iy

0. 80

0. 75

+0.70

0. 65

0. 60

0. 55

0. 50

0. 45

+0. 40

0. 35

0.30

0. 25

0.20

0. 15

0. 10

0. 05

=®

Jw.sl

= S

o0 i

14000000

13000000

-12000000

11000000

-10000000

[F9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

(1000000

-0

T T T T T T T T T T T T T
150 140 130 120 110 100 90
1 (ppm)

80

Fig 158. 13C NMR of (7j) (150 MHz, CDCls)

149



A,/ ///// I l

NH Ph
COOMe

i

iyt bl bbbty S
S8IaBEIIRRISESB sEE 8
b - prpacha b b PN I

r0.8

F0. 4

50 45 40 35 30 25 20 15 L0 05 00 -0.5
£1 (ppm)

Fig 159. 'H NMR of (7j") (400 MHz, CDCls)

18000000

17000000

16000000

+15000000

14000000

13000000

+ 12000000

+11000000

10000000

9000000

8000000

7000000

6000000

5000000

4000000

+3000000

2000000

1000000

~=1000000

20 200 190 180 170 160 150 130 130 120 110 100 90 8 70 60 s 40 30 20 1o 0 -0
f1 (ppm)

Fig 160. 13C NMR of (7j") (150 MHz, CDCls)

150



ETIL
EBERERS

o~~~ O~

BocHN

172.88

“7097=

T T
8 7

.

o

24000000
23000000
22000000
F21000000
20000000
19000000
18000000
F17000000
F16000000
15000000
14000000
F13000000
F12000000
11000000
10000000
9000000
8000000
E7000000
6000000
F5000000
4000000
3000000
2000000

1000000

-0

F=1000000

T
210

T
200

T
190

T T
100 90
1 (ppm)

T T T
130 120 110

Fig 162. 13C NMR of (6k) (150 MHz, CDCl)

151



58 58 BS3HESSS58938533USUSALANS7 23858 EE: F1.0
da TUiss sd e dgdga ot Gy 3=
‘ 0.9
Lo.s
L |/ /1l
;s /) ]JI v o o Tl J ho.7
Fo.6
one Lo.s
0
N
Lo.4
Lo.3
ko.2
Lo.1
b
1 1
| ‘ \ |
Lo.o
Y e T T T e i
o 53288 & & 8 BETR HOBRRE BERS
= Semen S S o Soor m-ncoo R
"s 100 95 90 &5 80 15 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
£1 (ppm)
Fig 163. 'H NMR of (6k") (400 MHz, CDCls)
£ g i . : b2, 8x 107
Ny kY R Vi
F2.6107
b2.4x107
F2.2x107
F2.0x107
F1.8x107
F1.6x107
OMe F1.4x107
0
i@
e FL.2x10"

NH\Hk ﬂ\g’ F1.0x107

18,0 10"
16,0 10"
F4.0x10°

F2.0%10%

dil | Ltk | i L Loo

20 200 19 180 170 160 150 140 130 120 1o 100 90 8 70 60 50 40 30 20 10 0 -0

£1 (ppm)

Fig 164. 3C NMR of (6k') (150 MHz, CDCls)
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