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1. General Information

Unless otherwise noted, all of these reactions were carried out under an argon atmosphere. For
column chromatography, silica gel (200-300 mesh) was employed. Solvent was freshly distilled
prior to use unless otherwise noted.

Instrumentation: '"H NMR spectra were recorded on Bruker AVANCE NEO 600 or Bruker
AVANCE NEO 400 with 600 MHz or 400 MHz frequencies. *C NMR spectra were recorded
on Bruker AVANCE NEO 600 or Bruker AVANCE NEO 400 with 151 MHz or 101 MHz
frequencies. ’F NMR spectra were recorded on Bruker AVANCE NEO 600 or Bruker AVANCE
NEO 400 with 565 MHz or 376 MHz frequencies. Chemical shifts (ppm) were recorded with
TMS (tetramethylsilane) as the internal reference standard. Chemical shifts (J) were reported
in ppm relative to the residual solvent signal (TMS J = 0 for '"H NMR and CDCl; 6 = 77.0 for
BC NMR). Multiplicities are given as s (singlet), d (doublet), t (triplet), dd (doublet of doublets),
td (triplet of doublets) or m (multiplet). Data collection for crystal structure was performed on
a 'Rigaku XtaLAB Synergy-DW' diffractometer. HRMS obtained using a Q-TOF instrument
equipped with an ESI source.

Materials: All solvents were dried according to standard procedure before use. The solvents
DMA and THF used in the reaction were extra dry treated with commercially available
molecular sieves. Deuterated solvents were purchased from Cambridge Isotope Laboratories.
Commercial reagents were used as received without further purification unless otherwise noted.
Other commercially available reagents and solvents were used without further purification, like
Adamas, Innochem, Leyan, Bide, and Laajoo. The O-oxalate hydroxamic acid esters
compounds 1 used in the reaction are synthesized according to previously reported methods.
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2. The optimization of the reaction

The investigation began with the selection of O-oxalate hydroxamic acid ester 1a, benzyl
acrylate 2a, and 4-iodobenzoic acid methyl ester 3a as model substrates. Using NiCl.-DME as
the catalyst, bipyridine ligand L1, and Mn powder as the reductant, we were pleased to obtain
the desired product 4a with a 13% yield (Table S1, entry 1). Given the critical role of solvents
in cross-electrophile coupling, we initially tested several solvents (entries 2-6), discovering that
a mixture of DMA/THF in a 2:1 ratio (v/v) was optimal. Screening of Ni salts revealed that the
reactions could be catalyzed by both Ni(II) and Ni(0), with NiCl.-DME proving to be the most
effective (entries 7-14). Further optimization of the reactant ratios increased the yield to 36%
(entry 15). We also explored various bidentate N-containing ligands (L.2-L.10), finding that L2
provided the best efficiency, achieving a 45% yield of 4a (entries 16-24). When Zn powder was
used as the reductant, the yield decreased to 39% (entry 25). The yield was further improved to
78% with the addition of anhydrous MgBr,, and we deduced that anhydrous MgBr, may
accelerate reduction of the Ni'! intermediates or assist in activating the surface of the Mn,!
while the use of LiCl, LiBr, or Nal resulted in only a trace yield (entries 26-33). Reducing the
loadings of catalyst and ligand produced a 33% yield of 4a (entry 34). Control experiments
confirmed that the Ni salt, ligand, and reductant are all essential components for the successful
transformation (entries 35-40).

Table S1. Optimization of reaction conditions for alkylarylation of alkenes“”

0 0
¢ - R
Bu. + 0 + Mn :
e COMe 39 °SCOI\//Aernt18 h
1a 2a 3a o 4a COMe
entry catalyst ligand  additive solvent yield(%)°

1 NiCl,-DME L1 THF 13

2 NiCl,-DME L1 DMA 20

3 NiCl,-DME L1 DMSO 11

4 NiCl,:DME L1 Et,O 0

5 NiCl,-DME L1 1,4-dioxane 0

6 NiCl,:DME L1 DMA/THF = 2:1 27

7 NiCl, L1 DMA/THF = 2:1 0

8 NiBr; L1 DMA/THF = 2:1 0

9 Nil, L1 DMA/THF = 2:1 11

10 NiCl;-6H.0 L1 DMA/THF = 2:1 20

11 NiBr,-DME L1 DMA/THF = 2:1 19
12 Ni(COD), L1 DMA/THF = 2:1 19

13 Ni(acac)> L1 DMA/THF =2:1 0

14 Ni(PPh3)Cl, L1 DMA/THF =2:1 trace
15¢ NiCl,'-DME L1 DMA/THF =2:1 36
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164 NiCl,-DME L2 DMA/THF =2:1 45

17 NiCl,-DME L3 DMA/THF = 2:1 39
18 NiClL-DME L4 DMA/THF = 2:1 35
199 NiClL-DME L5 DMA/THF = 2:1 44
20 NiClL-DME L6 DMA/THF = 2:1 25
21 NiClL-DME L7 DMA/THF = 2:1 29
22 NiCl-DME LS8 DMA/THF = 2:1 25
23 NiClL-DME L9 DMA/THF = 2:1 16
24 NiCL'DME  L10 DMA/THF = 2:1 14
25%¢  NiCl,-DME L2 DMA/THF = 2:1 39
26  NiCl-DME L2 MgCl,  DMA/THF = 2:1 65
27%¢ NiCl,-DME L2 MgCl,  DMA/THF = 2:1 61
28¢  NiCl,-DME L2 LiCl DMA/THF = 2:1 trace
294 NiCl,-DME L2 LiBr DMA/THF = 2:1 trace
307 NiCl,-DME L2 Nal DMA/THF = 2:1 trace
319  NiCl,'DME L2 ZnCl,  DMA/THF = 2:1 11
329 NiCl,DME L2 ZnBr,  DMA/THF = 2:1 13
33’  NiCl,'DME L2 MgBr, DMA/THF = 2:1 78
349 NiCl,DME L2 MgBr,  DMA/THF =2:1 33
354 CoCl, L2 MgBr.  DMA/THF = 2:1 0
367 PdCl, L2 MgBr.  DMA/THF = 2:1 0
374 CuCl, L2 MgBr.  DMA/THF = 2:1 0
387 L2 MgBr,  DMA/THF = 2:1 0
39 NiCl,DME MgBr,  DMA/THF = 2:1 0
40%¢  NiCl,-DME L2 MgBr,  DMA/THF = 2:1 0
R R L1:R=Bu \'\fLs}\l / R R L7:R=H
__ _ L2 R=H L8: R = Me
N\ 7N\ / L3R=Me - - o Y Le:R=0Me
NN L4: R = OMe N\ N4 =N N=" L10.rR=Phn

“Reaction conditions: 1a (0.2 mmol, 109.2 mg, 2.0 equiv.), 2a (0.2 mmol, 30 pL), 3a (0.3 mmol,
78.6 mg, 1.5 equiv.), Ni cat. (10 mol%), ligand (12 mol%), Mn (3.0 equiv.), additive (1.0 equiv.),
solvent (1.5 mL), Ar, 30 °C, and 18 h. ®Oxa = OCOCO:Me. “Isolated yield. “1a (0.4 mmol) was
used. °Zn as the reductant./Ni cat. (5 mol%), ligand (6 mol%). €Without Mn.
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Under the optimum conditions of alkylarylation of alkenes (Table S1, entry 33), using 7a
as model substrate (Table S2, entry 1), we obtained the target product 8a in 15% yield. Similarly,
we screened the reaction solvents and found that a mixture of DMA/THF in a 2:1 ratio (v/v)
were still the best (entries 2-5). As the addition of additives during the screening of reaction
conditions for the alkylarylation of alkenes led to a significant increase in yield, we gave
priority to the screening of additives, and found that anhydrous MgCl, as an additive increased
the yield to 26% (entries 6-11). The reaction yield was increased to 50% using the tridentate N-
containing ligand L12 as the ligand (entries 12-22). Screening of Ni salts showed that
Ni(PCy3)Cl> was the most effective (entries 23-29). Reducing the loadings of catalyst and
ligand leads to a decrease in yield (entry 30). Control experiment demonstrated that no reaction
occurred in the absence of ligand (entry 31), highlighting the critical role of the ligand in this

reaction.

Table S2. Optimization of reaction conditions for alkylarylation of alkynes®’
| Ni cat.

l (6] 4 Ii?\j\:d Bu.
Bu< + + _ N
N additive
Oxa

solvent
COMe  30°C, Ar, 18 h

I

1a 7a 3a 8a
entry Ni cat. ligand  additive solvent yield(%)*
1 NiCl,-DME L2 MgBr; DMA/THF = 2:1 15
2 NiCl,-DME L2 MgBr; THF 9
3 NiCl,-DME L2 MgBr; DMA 11
4 NiCl,'DME L2 MgBr; DMSO 7
5 NiCl,-DME L2 MgBr; DMF 10
6 NiCl,-DME L2 MgCl, DMA/THF = 2:1 26
74 NiCl,'DME L2 MgCl,  DMA/THF = 2:1 21
NiCl,-DME L2 ZnCl, DMA/THF = 2:1 12
NiCl,-DME L2 LiBr DMA/THF = 2:1 0
10 NiCl,-DME L2 LiCl DMA/THF = 2:1 trace
11 NiCl,-DME L2 Nal DMA/THF = 2:1 trace
12 NiCl,-DME L1 MgCl, DMA/THF = 2:1 32
13 NiCl,"DME L3 MgCl, DMA/THF = 2:1 34
14 NiCl,-DME L4 MgCl, DMA/THF =2:1 trace
15 NiCl,-DME L5 MgCl, DMA/THF = 2:1 35
16 NiCl,-DME L6 MgCl, DMA/THF = 2:1 40
17 NiCl,-DME L7 MgCl, DMA/THF = 2:1 0
18 NiCl,-DME L8 MgCl, DMA/THF =2:1 trace
19 NiCl,-DME L9 MgCl, DMA/THF =2:1 trace
20 NiCl,-DME L10 MgCl, DMA/THF = 2:1 trace
21 NiCl,-DME L11 MgCl, DMA/THF = 2:1 26
22 NiCl,-DME L12 MgCl, DMA/THF = 2:1 50
23 NiCl L12 MgCl, DMA/THF = 2:1 48
24 NiBr; L12 MgCl, DMA/THF = 2:1 43
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25 Nik L12 MgCl, DMA/THF =2:1 40

26 Ni(acac)z L12 MgCl, DMA/THF =2:1 56
27 Ni(COD), L12 MgCl, DMA/THF = 2:1 46
28 Ni(PPh;3)Cls L12 MgCl, DMA/THF = 2:1 57
29 Ni(PCy3)Cl, L12 MgCl, DMA/THF = 2:1 62
30¢ Ni(PCy3)Cly L12 MgCl, DMA/THF = 2:1 57
31 Ni(PCys)ClL MgCl,  DMA/THF = 2:1 0
Bu
X
| B
A N A tB — tB
LN N ’ | NN
N N =
L1 L12

“Reaction conditions: 1a (0.2 mmol, 109.2 mg, 2.0 equiv.), 7a (0.2 mmol, 22 pL), 3a (0.3 mmol,
78.6 mg, 1.5 equiv.), Ni cat. (10 mol%), ligand (12 mol%), Mn (3.0 equiv.), additive (1.0 equiv.),
solvent (1.5 mL), Ar, 30 °C, and 18 h. °“Oxa = OCOCO:Me. “Isolated yield. “Zn as the reductant. °Ni
cat. (5 mol%), ligand (6 mol%).
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3. General procedure

3.1 General procedure for preparation of O-oxalate hydroxamic acid esters compounds 1

OMe Iy
) (cocl), o HCI H o m)ljr R)J\N,Bu

I Cat. DMF L By~ ~oH RJ\NfB“ 0 0._0
—————eee —————————eeeeeeee _—
R” “OH DCM R™ "Cl  pIpEA, THF OH Et;N, DCM I
0~ "OMe

O-oxalate hydroxamic acid esters substrates were prepared by following the literature report?

Step 1: To a solution of carboxylic acid (1.0 equiv.) and 3-5 drops of anhydrous DMF in
anhydrous CH>Cl, (0.5 M) at 0 °C, oxalyl chloride (1.5 equiv.) was added dropwise over 10
minutes. The reaction was vigorously stirred at room temperature for 3 h. The solvent was
removed in vacuum. Anhydrous CH>Cl, was added to remove the residual of oxalyl chloride in
vacuum. Then the resulting acyl chloride was redissolved in anhydrous acetonitrile and used
directly for the next step without further purification.

Step 2: A solution of the N-(tert-butyl)hydroxylamine hydrochloride in anhydrous THF (0.4 M)
was cooled to 0 °C, treated with DIPEA (2.0 equiv.) and stirred for 15 minutes. The acyl chloride
(1.0 equiv.) in anhydrous acetonitrile was added dropwise over 15 minutes and the mixture was
allowed to warm to room temperature overnight. The mixture was diluted with saturated
NaHCOs and EtOAc and the layers were separated. The aqueous layer was extracted twice with
EtOAc and the combined organic layers were washed with 1 M HCI, saturated NaHCO3 and
brine, successively, and then evaporated. Purification by column chromatography on silica gel
eluting with petroleum ether and EtOAc gave the hydroxylamine.

Step 3: To a solution of hydroxylamine in anhydrous CH,Cl, (0.35 M) at 0 °C, Et;N (1.5 equiv.)
was added dropwise. Methyl oxalyl chloride (1.5 equiv.) was then added dropwise over 10
minutes. The reaction was vigorously stirred at room temperature for 4 h. The mixture was
diluted with saturated NaHCO3 and CH,Cl and the layers were separated. The aqueous layer
was extracted twice with CH>Cl, and the combined organic layers were washed with 1 M HCI,
saturated NaHCO; and brine, successively, and then evaporated. Purification by column
chromatography on silica gel eluting with petroleum ether and EtOAc gave the O-oxalate
hydroxamic acid esters compounds 1.
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3.2 General procedure for nickel-catalyzed reductive alkylarylation of alkenes

O NiCl,-DME (10 mol%)

f | bpy (12 mol%)
B”\NJ\/XH Mn (3.0 equiv.)

! =z + S -

Oxa R1Rz Rs | 2R, MgBr, (1.0 equiv.)

_ Z DMA/THF = 2:1
(Oxa = OCOCO,Me) 30°C. Ar. 18 h

1 2 3

In an argon-filled glove box, to a 10 mL pre-dried schlenk tube equipped with a stir bar
were added aryl iodides 3 (0.3 mmol, 1.5 equiv.), NiCl,>-DME (10 mol%, 4.4 mg), bpy (12
mol%, 3.7 mg), Mn powder (0.6 mmol, 33 mg, 3.0 equiv.) and MgBr; (0.2 mmol, 36.8 mg, 1.0
equiv.). The vial was capped tightly with a rubber septum and taken out of the glovebox. Then,
1.5 mL anhydrous solvent (DMA/THF = 2/1) was injected via a syringe. The mixture was
allowed to stirred (1000 rpm) at 30 °C for approximately 15 minute before O-oxalate
hydroxamic acid esters 1 (0.4 mmol, 2.0 equiv.) and alkenes 2 (0.2 mmol) were added
immediately. The reaction was stirred (1000 rpm) at 30 °C for 18 hours. After the reaction was
complete as judged by TLC analysis, the mixture was quenched by adding 20 mL of saturated
aqueous NaCl and 20 mL of EtOAc. The layers were separated and the aqueous layer was
extracted with EtOAc (2 x 20 mL). The combined organic layers were washed with saturated
aqueous NaCl (2 x 20 mL) and dried. The filtrate was concentrated under reduced pressure.
The resulting reaction mixture was purified by column chromatography on silica gel to afford
the desired product.

Note: keeping a stirving speed at 1000 rpm and reaction temperature around 30 °C is necessary
for reproducibility. In addition, pre-stirring must be carried out before adding 1 and 2.

Table S3. Unsuccessful or poor resultant substrates

O-oxalate hydroxamic acid esters containing secondary carbon reactive sites were investigated and all showed worse results.

o o o o o o 0

1 1 1 1 1y

Bu\’}‘J‘l\/\/\/ Bu\’}‘J\/\/ BU\’}‘J\/O\/ Bu\’}‘J\/\/o\ BU‘I}IJ\/\/U\O/ IBU‘N)K/\/O

OCOCO,Me OCOCO,Me OCOCO,Me OCOCO,Me OCOCO,Me CI)COCOzMe
1k 11 1m 1in 10 1p
o (0]
O, By
b
8u~"~0coco,Me 0COCOMe

1q 1r

Unsuccessful aryl bromides and aryl chlorides

Br Cl Br Br Br Br Br
Br Br
t “CF, @
CO,Me CO,Me CN F NO, Bu OMe
trace 0% trace 0% 0% 0% 0% 0% 0%

Unsuccessful unactivated alkenes acceptors

= o) e
X =
o N\F
©/\/ ©/\/\ \o)l\/\ ©)‘\
2m 2n 20 2p
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3.3 General procedure for nickel-catalyzed reductive alkylarylation of alkynes

Ni(PCy3)Cl, (10 mol%) CO,Me

B L12 (12 mol%)

U‘ Mn 3 0 equiv.)
—: MgCl, (1.0 equiv.)

DMA/THF = 2:1

(Oxa = OCOCO,Me) CO Me 30 °C, Ar, 18 h
1a

In an argon-filled glove box, to a 10 mL pre-dried schlenk tube equipped with a stir bar
were added methyl 4-iodobenzoate 3a (0.3 mmol, 78.6 mg, 1.5 equiv.), Ni(PCy3)Cl: (10 mol%,
13.8 mg), L12 (12 mol%, 9.7 mg), Mn powder (0.6 mmol, 33 mg, 3.0 equiv.) and MgCl, (0.2
mmol, 19 mg, 1.0 equiv.). The vial was capped tightly with a rubber septum and taken out of
the glovebox. Then, 1.5 mL anhydrous solvent (DMA/THF = 2/1) was injected via a syringe.
The mixture was allowed to stirred (1000 rpm) at 30 °C for approximately 15 minute before O-
oxalate hydroxamic acid esters 1a (0.4 mmol, 109.2 mg, 2.0 equiv.) and alkynes 7 (0.2 mmol)
were added. The reaction was stirred (1000 rpm) at 30 °C for 18 hours. After the reaction was
complete as judged by TLC analysis, the mixture was quenched by adding 20 mL of saturated
aqueous NaCl and 20 mL of EtOAc. The layers were separated and the aqueous layer was
extracted with EtOAc (2 x 20 mL). The combined organic layers were washed with saturated
aqueous NaCl (2 x 20 mL) and dried. The filtrate was concentrated under reduced pressure.
The resulting reaction mixture was purified by column chromatography on silica gel to afford
the desired product.

Note: keeping a stirrving speed at 1000 rpm and reaction temperature around 30 °C is necessary
for reproducibility. In addition, pre-stirring must be carried out before adding la and 7.

Table S4. Unsuccessful substrates

Unsuccessful unactivated alkynes acceptors

7 s

71 7m
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3.4 General procedure for scale-up preparation

(0] (0]
0 | NiCl,-DME (10 mol%) Bu
By H bpy (12 mol%) N OBn
N o Mn (3.0 equiv.) H
) + + -
Oxa \)J\OBn MgBr; (1.0 equiv.)
DMA/THF = 2:1

(Oxa = OCOCO,Me) CO,Me 30°C,Ar, 36 h

1a, 6.0 mmol 2a, 3.0 mmol  3a, 4.5 mmol 4a, 62%, 0.87 g COMe

In an argon-filled glove box, to a 100 mL pre-dried round bottom flask equipped with a
stir bar were added methyl 4-iodobenzoate 3a (4.5 mmol, 1.179 g, 1.5 equiv.), NiCl,-DME (10
mol%, 66 mg), bpy (12 mol%, 55.5 mg), Mn powder (9.0 mmol, 495 mg, 3.0 equiv.) and MgBr,
(3.0 mmol, 552 mg, 1.0 equiv.). The flask was capped tightly with a rubber septum and taken
out of the glovebox. Then, 22.5 mL anhydrous solvent (DMA/THF = 2/1) was injected via a
syringe. The mixture was allowed to stirred (1000 rpm) at 30 °C for approximately 30 minute
before O-oxalate hydroxamic acid esters 1a (6.0 mmol, 1.638 mg, 2.0 equiv.) and benzyl
acrylate 2a (3.0 mmol, 450 uL) were added. The reaction was stirred (1000 rpm) at 30 °C for
36 hours. After the reaction was complete as judged by TLC analysis, the mixture was quenched
by adding 100 mL of saturated aqueous NaCl and 100 mL of EtOAc. The layers were separated
and the aqueous layer was extracted with EtOAc (2 x 100 mL). The combined organic layers
were washed with saturated aqueous NaCl (2 x 100 mL) and dried. The filtrate was
concentrated under reduced pressure. The resulting reaction mixture was purified by column
chromatography on silica gel to afford the desired product 4a.

S9



3.5 General procedure for radical trapping experiments

(0]
o I Bu.
tBu\NJ\/><H Q standard conditions ) N >
18] O
| + + [ -
NS —_—> Bu. (0] N
Oxa \)LOBn TEMPO (2.0 equiv.) Hk/x

(Oxa = OCOCO;,Me) CO,Me
TEMPO adduct

HR-MS (ESI) calcd for C1gH3gN,0;

1a 2a, 0.2 mmol 3a 4a was not detected

[M+H]*:327.3006
found:327.3008
In an argon-filled glove box, to a 10 mL pre-dried schlenk tube equipped with a stir bar
were added methyl 4-iodobenzoate 3a (0.3 mmol, 78.6 mg, 1.5 equiv.), NiCl,-DME (10 mol%,
4.4 mg), bpy (12 mol%, 3.7 mg), Mn powder (0.6 mmol, 33 mg, 3.0 equiv.), MgBr; (0.2 mmol,
36.8 mg, 1.0 equiv.) and TEMPO (0.4 mmol, 62.5 mg, 2.0 equiv.). The vial was capped tightly
with a rubber septum and taken out of the glovebox. Then, 1.5 mL anhydrous solvent
(DMA/THF = 2/1) was injected via a syringe. The mixture was allowed to stirred (1000 rpm)
at 30 °C for approximately 15 minute before O-oxalate hydroxamic acid esters 1a (0.4 mmol,
109.2 mg, 2.0 equiv.) and benzyl acrylate 2a (0.2 mmol, 30 uL) were added immediately. The
reaction was stirred (1000 rpm) at 30 °C for 18 hours. The mixture was quenched by adding 20
mL of saturated aqueous NaCl and 20 mL of EtOAc. The layers were separated and the aqueous
layer was extracted with EtOAc (2 x 20 mL). The combined organic layers were washed with
saturated aqueous NaCl (2 x 20 mL) and dried. After concentration under reduced pressure, the
mixture was analyzed by HR-MS. It was found that the reaction was completely suppressed by
adding TEMPO and the TEMPO-adduct was detected by HR-MS.
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3.6 General procedure for studying the generation of radical

(o}

(0] [
5 " Ni(COD), (1.0 equiv.) BU\NJ\/\(
UxN)J\/x bpy (1.0 equiv.) (o] '}‘ ('3
\ .
Oxa MgBr, (1.0 equiv.) ‘Bu\NJ\/xO N
(Oxa = 0OCOCO,Me) TEMPO (2.0 equiv.) H
DMA/THF = 2:1

30 °C, Ar, 18 h TEMPO adduct
1a, 0.2 mmol detected by HR-MS

In an argon-filled glove box, to a 10 mL pre-dried schlenk tube equipped with a stir bar
were added Ni(COD); (0.2 mmol, 55 mg, 1.0 equiv.), bpy (0.2 mmol, 31.3 mg, 1.0 equiv.),
MgBr; (0.2 mmol, 36.8 mg, 1.0 equiv.) and TEMPO (0.4 mmol, 62.5 mg, 2.0 equiv.). The vial
was capped tightly with a rubber septum and taken out of the glovebox. Then, 1.5 mL anhydrous
solvent (DMA/THF = 2/1) and O-oxalate hydroxamic acid esters 1a (0.2 mmol, 54.6 mg) was
injected via a syringe. The mixture was stirred (1000 rpm) at 30 °C for 18 hours. The mixture
was quenched by adding 20 mL of saturated aqueous NaCl and 20 mL of EtOAc. The layers
were separated and the aqueous layer was extracted with EtOAc (2 X 20 mL). The combined
organic layers were washed with saturated aqueous NaCl (2 x 20 mL) and dried. After
concentration under reduced pressure, the TEMPO-adduct was detected by HR-MS.

(o]
o [
B H Mn (3.0 equiv.) ﬂ Bu\NJ\/\(
u\’}‘ MgBr, (1.0 equiv.) (e} l}l ('3
. P
Oxa TEMPO (2.0 equiv.) BU\NJ\/XO N
DMA/THF = 2:1 H

(Oxa = OCOCO,Me) 30-C. Ar 18 h

TEMPO adduct
1a, 0.2 mmol detected by HR-MS

In an argon-filled glove box, to a 10 mL pre-dried schlenk tube equipped with a stir bar
were added Mn powder (0.6 mmol, 33 mg, 3.0 equiv.), MgBr; (0.2 mmol, 36.8 mg, 1.0 equiv.)
and TEMPO (0.4 mmol, 62.5 mg, 2.0 equiv.). The vial was capped tightly with a rubber septum
and taken out of the glovebox. Then, 1.5 mL anhydrous solvent (DMA/THF = 2/1) and O-
oxalate hydroxamic acid esters 1a (0.2 mmol, 54.6 mg) were injected via a syringe. The mixture
was stirred (1000 rpm) at 30 °C for 18 hours. The mixture was quenched by adding 20 mL of
saturated aqueous NaCl and 20 mL of EtOAc. The layers were separated and the aqueous layer
was extracted with EtOAc (2 x 20 mL). The combined organic layers were washed with
saturated aqueous NaCl (2 x 20 mL) and dried. After concentration under reduced pressure, the
TEMPO-adduct was detected by HR-MS.
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3.7 General procedure for stoichiometric reactions of complex Ni-1

[¢]
X 'Bu\N . Q o
/NzNi“\l 6xa Mn (3.0 equiv.) BU\N OBn
=N @\ ) MgBr, (1.0 equiv.) H
D COOEt + (2.0 equiv.)
' o DMA/THF = 2:1
Ni-1 \)J\ 30°C,Ar, 18 h
(1.5 equiv.) OBn 6c, 0% CO,Et
(0.2 mmol)

In an argon-filled glove box, to a 10 mL pre-dried schlenk tube equipped with a stir bar
were added complex Ni-1 (0.3 mmol, 147.3 mg, 1.5 equiv.), Mn powder (0.6 mmol, 33 mg, 3.0
equiv.), and MgBr (0.2 mmol, 36.8 mg, 1.0 equiv.). The vial was capped tightly with a rubber
septum and taken out of the glovebox. Then, 1.5 mL anhydrous solvent (DMA/THF = 2/1), O-
oxalate hydroxamic acid esters 1a (0.4 mmol, 109.2 mg, 2.0 equiv.) and benzyl acrylate 2a (0.2
mmol, 30 pL) were added via a syringe. The reaction was stirred (1000 rpm) at 30 °C for 18
hours. The mixture was quenched by adding 20 mL of saturated aqueous NaCl and 20 mL of
EtOAc. The layers were separated and the aqueous layer was extracted with EtOAc (2 x 20
mL). The combined organic layers were washed with saturated aqueous NaCl (2 X 20 mL) and
dried. After concentration under reduced pressure, the mixture was analyzed by TLC, which
revealed that the difunctionalization product 6¢ was not formed.

(0] (0]
| complex Ni-1 (10 mol%) gy _
o] o Mn (3.0 equiv.) N OBn
Bu. + + MgBr, (1.0 equiv.)
N 2 (1. .
| J\/\( \)LOBn 0.
Oxa DMA/THF = 2:1
CO,Et 30°C, Ar, 18 h
(2.0 equiv.) (0.2 mmol) (1.5 equiv.) 6¢c, 52% COzEt

In an argon-filled glove box, to a 10 mL pre-dried schlenk tube equipped with a stir bar
were added complex Ni-1 (10 mol%, 9.8 mg), Mn powder (0.6 mmol, 33 mg, 3.0 equiv.), and
MgBr; (0.2 mmol, 36.8 mg, 1.0 equiv.). The vial was capped tightly with a rubber septum and
taken out of the glovebox. Then, 1.5 mL anhydrous solvent (DMA/THF = 2/1) and ethyl 4-
iodobenzoate (0.3 mmol, 51 pL, 1.5 equiv.) were injected via a syringe. The mixture was
allowed to stirred (1000 rpm) at 30 °C for approximately 3 minute before O-oxalate hydroxamic
acid esters 1a (0.4 mmol, 109.2 mg, 2.0 equiv.) and benzyl acrylate 2a (0.2 mmol, 30 pL) were
added immediately. The reaction was stirred (1000 rpm) at 30 °C for 18 hours. The mixture was
quenched by adding 20 mL of saturated aqueous NaCl and 20 mL of EtOAc. The layers were
separated and the aqueous layer was extracted with EtOAc (2 x 20 mL). The combined organic
layers were washed with saturated aqueous NaCl (2 x 20 mL) and dried. After concentration
under reduced pressure, the residue was purified by chromatography on silica gel to give
product 6c¢ in a yield of 52%.

Note: The deep red complex Ni-1 was synthesized according to the reported method.? It
is unstable and quickly converted to the dimer, therefore it was generated and used
immediately.
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3.8 The reactivity of complex Ni-1 in the alkyne difunctionalization reaction.

Reactivity of the oxidative addition species Ni-1 in the alkyne difunctionalization reaction

Ni(PCys)Cl, (10 mol%)

By L12 (12 mol%)
N Mn (3.0 equw)
Oxa

MgCl, (1 0 equiv.)

CO,Et DMA/THF = 2:1
(2.0 equiv.) (0.2 mmol) (1.5 equiv.) 30°C, Ar, 18 h
standard conditions
o)
Bu.
1 ’g
’N"'Ni"‘l _xa Mn (3.0 equiv.)
= N7 \©\ (Oxa = OCOCO,Me) MgCl, (1.0 equiv.)
+ ) = s
COOEt (20 eq”"’) DMA/THF = 2:1
Ni-1 30 °C, Ar, 18 h
(1.5 equiv.)
(0.2 mmol)

Ni(PCy3)Cl, (10 mol%)

(6] =
Bu. Z bpy (12 mol%)
N Mn (3.0 equiv.)
+ —_—
Oxa

MgCl, (1.0 equiv.)

COEt DMA/THF = 2:1
(2.0 equiv.) (0.2 mmol) (1.5 equiv.) 30°C,Ar, 18h
0 // complex Ni-1 (10 mol%)
fBu\N Mn (3.0 equiv.)
IOxa + MgCl, (1.0 equiv.)
_—
CO,E DMA/THF = 2:1
(2.0 equiv.) (0.2 mmol) (1.5 equiv.) 30°C, Ar, 18 h 8, 21%

We investigated the reactivity of complex Ni-1 in the alkyne bifunctionalization reaction
and no detectable amount of 81 was observed in the stoichiometric reaction of Ni-1 with
hydroxamic ester 1a and phenylacetylene 7a, which is similar to the results for the alkene
difunctionalization reaction. Considering that 2,2'-bipyridine (bpy) was not the optimal ligand
for the alkyne difunctionalization reaction, a control experiment was performed using catalytic
Ni(PCy3)Cl: and bpy as the ligand, and the product 81 was isolated in 23% yield. When 10 mol%
of Ni-1 was used as the catalyst, the desired product 81 was obtained in a 21% yield.
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4. X-ray single crystal diffraction data of 4i

Sample preparation: The pure compound was dissolved in a vial (10 mL) containing MeOH
and covered with a lid. Then put the vial in the freezer (2 - 8 °C) for about a week, during which
the crystal was formed. The X-ray was detected after the crystal was formed. The crystal was
measured on a ' Rigaku XtaLAB Synergy-DW ' diffractometer.

o o j';,/
Bu. A
N NH,
H " ¥ >
4 COOMe e T
CCDC 2388081

Bond precision: C-C=0.0108 A Wavelength= 0.71073
Cell: a=6.815 (4) b=9.609 (5) c=33.961 (19)

alpha=90.897(11)  beta=90.084 (10) gamma=95.582 (11)
Temperature: 296 K

Calculated Reported
Volume 2213 (2) 2213 (2)
Space group P -1 P -1
Hall group -P 1 -P 1
Moiety formula C21 H32 N2 04 ?
Sum formula C21 H32 N2 O4 C21 H32 N2 O4
Mr 376.49 376.48
Dx,g cm’ 1.130 1.130
V4 4 4
Mu (mm-1) 0.078 0.078
F000 816.0 816.0
F000’ 816.37
h,k,lmax 8,11,40 8,11,40
Nref 7796 7646
Tmin, Tmax 0.981,0.985 0.482,0.746
Tmin’ 0.977

Correction method= # Reported T Limits: Tmin=0.482 Tmax=0.746
AbsCorr = MULTI-SCAN

Data completeness= 0.981 Theta(max)= 25.000
R(reflections)= 0.1162( 2855) wR2(reflections)= 0.3174( 7646)
S=1.037 Npar= 500
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5. Characterization Data

Bu.
OBnN

Iz

CO,Me

methyl 4-(1-(benzyloxy)-7-(tert-butylamino)-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate (4a)
Colorless oil, yield: 78%, 72.9 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
"H NMR (600 MHz, CDCls) 8 7.96 (d, J = 8.2 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.33 — 7.27 (m, 3H),
7.21(dd, J=17.2,2.2 Hz, 2H), 5.30 (s, 1H), 5.12 — 5.01 (m, 2H), 3.90 (s, 3H), 3.78 (dd, J= 8.8, 3.9 Hz,
1H), 2.33 (dd, /= 14.2, 8.8 Hz, 1H), 2.09 —2.01 (m, 1H), 2.00 — 1.92 (m, 1H), 1.60 — 1.50 (m, 3H), 1.32
(s, 9H), 0.84 (s, 6H).
13C NMR (151 MHz, CDCl3) 5 173.8, 172.4, 166.7, 145.6, 135.4, 129.9, 129.0, 128.4, 128.2, 128.0,
127.9, 66.9, 52.0, 50.9, 47.6, 44.5, 37.3, 33.2, 32.5, 28.7, 26.9, 26.8.
HRMS (ESI) m/z: [M + H]" Calcd for C2sH3sNOs™ 468.2744; found 468.2727.

O 0]

t
Bu.
Y OMe
H

CO,Me

methyl 4-(7-(tert-butylamino)-1-methoxy-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate (4b)
Colorless oil, yield: 74%, 57.9 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'H NMR (600 MHz, CDCl3) & 7.98 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H), 5.37 (s, 1H), 3.90 (s,
3H), 3.74 (dd, J=9.0, 3.9 Hz, 1H), 3.65 (s, 3H), 2.32 (dd, J = 14.2, 8.9 Hz, 1H), 2.10 — 2.04 (m, 1H),
2.02-1.94 (m, 1H), 1.58 — 1.49 (m, 3H), 1.33 (s, 9H), 0.87 (d, /= 5.1 Hz, 6H).
3BC NMR (151 MHz, CDCls) § 174.5, 172.4, 166.7, 145.7, 129.9, 129.0, 127.8, 52.2, 52.0, 50.9, 47.4,
44.6,37.2,33.2,32.5,28.7,26.9, 26.8.
HRMS (ESI) m/z: [M + H]" Calcd for C2,H34NOs™ 392.2431; found 392.2419.

O 0]

t)
Bu.
Y OEt
H

CO,Me
methyl 4-(7-(tert-butylamino)-1-ethoxy-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate (4c)
Colorless oil, yield: 74%, 60 mg
'H NMR (600 MHz, CDCl;) § 7.97 (d, J = 8.3 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H), 5.41 (s, 1H), 4.17 —
4.09 (m, 1H), 4.10 — 4.03 (m, 1H), 3.90 (s, 3H), 3.72 (dd, J= 9.0, 3.8 Hz, 1H), 2.32 (dd, J = 14.2, 9.0
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Hz, 1H), 2.11 — 2.03 (m, 1H), 2.02 — 1.95 (m, 1H), 1.57 — 1.49 (m, 3H), 1.33 (s, 9H), 1.19 (t, J="7.1 Hz,
3H), 0.87 (d, J=4.4 Hz, 6H).

BC NMR (151 MHz, CDCls) § 174.0, 172.5, 166.7, 145.9, 129.8, 128.9, 127.7, 61.0, 52.0, 50.9, 47.6,
44.6,37.2,33.2,32.5,28.7,26.9,26.8, 13.9.

HRMS (ESI) m/z: [M + H]" Calcd for C23H36NOs" 406.2588; found 406.2574.

0] (0]
t
Bu< J<
Y 0

H

CO,Me
methyl 4-(1-(tert-butoxy)-7-(tert-butylamino)-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate (4d)
Colorless oil, yield: 72%, 62.4 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'"H NMR (600 MHz, CDCl3) § 7.97 (d, J = 8.3 Hz, 2H), 7.37 (d, J = 8.3 Hz, 2H), 5.33 (s, 1H), 3.90 (s,
3H), 3.61 (dd, J=8.9, 3.6 Hz, 1H), 2.28 (dd, /= 14.2, 8.9 Hz, 1H), 2.11 — 2.04 (m, 1H), 2.02 — 1.94 (m,
1H), 1.58 — 1.54 (m, 2H), 1.51 — 1.48 (m, 1H), 1.35 (s, 9H), 1.32 (s, 9H), 0.88 (s, 6H).
3C NMR (151 MHz, CDCl;) 6 173.0, 172.5, 166.8, 146.6, 129.8, 128.7, 127.7, 80.8, 51.9, 50.9, 48.7,
44.4,37.3,33.2,32.5,28.7,27.7,26.9, 26.8.
HRMS (ESI) m/z: [M + H]" Calcd for CosH4oNOs" 434.2901; found 434.2887.

i i O
t)
Bud<
N 0

H

CO,Me

methyl 4-(7-(tert-butylamino)-1-(cyclohexyloxy)-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate (4¢)
Colorless oil, yield: 77%, 70.8 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'"H NMR (600 MHz, CDCl3) & 7.97 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.3 Hz, 2H), 5.39 (s, 1H), 4.70 (dt,
J=18.8,4.7 Hz, 1H), 3.90 (s, 3H), 3.69 (dd, /=9.1, 3.6 Hz, 1H), 2.33 (dd, J=14.2,9.1 Hz, 1H), 2.11 —
2.03 (m, 1H), 2.03 — 1.94 (m, 1H), 1.84 — 1.77 (m, 1H), 1.73 — 1.63 (m, 2H), 1.61 — 1.52 (m, 4H), 1.51
—1.39 (m, 3H), 1.36 — 1.31 (m, 10H), 1.29 — 1.24 (m, 2H), 0.88 (d, /= 3.9 Hz, 6H).
3C NMR (151 MHz, CDCl3) 8 173.3, 172.5, 166.7, 146.2, 129.8, 128.8, 127.7, 73.1, 51.9, 50.9, 47.9,
44.3,37.3,33.2,32.5,31.2,31.0,28.7,26.9, 26.9, 25.2, 23.5, 23.4.
HRMS (ESI) m/z: [M + H]" Calcd for C27H42NOs" 460.3057; found 460.3042.
0] 0]

Bu N O/\/O\

H

CcO 2 Me
methyl 4-(7-(tert-butylamino)-1-(2-methoxyethoxy)-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate
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(49
Colorless oil, yield: 68%, 59.2 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)
"H NMR (600 MHz, CDCl3) § 7.97 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.2 Hz, 2H), 5.32 (s, 1H), 4.32 -
4.23 (m, 1H), 4.20 — 4.05 (m, 1H), 3.90 (d, /= 1.3 Hz, 3H), 3.77 (dd, J = 8.9, 3.8 Hz, 1H), 3.54 — 3.44
(m, 2H), 3.29 (s, 3H), 2.32 (dd, /= 14.2, 8.9 Hz, 1H), 2.15 — 2.01 (m, 1H), 2.01 — 1.93 (m, 1H), 1.59 —
1.45 (m, 3H), 1.32 (s, 9H), 0.87 (s, 6H).
BC NMR (151 MHz, CDCls) § 174.0, 172.5, 166.7, 145.7, 129.9, 129.0, 127.9, 70.2, 64.0, 58.8, 52.1,
51.0,47.6,44.6,37.3,33.3,32.5, 28.7,27.0, 26.8.
HRMS (ESI) m/z: [M + H]" Calcd for C24H33sNOs" 436.2694; found 436.2677.

O O

1
0

CO,Me
methyl  4-(7-(tert-butylamino)-4,4-dimethyl-1,7-dioxo-1-(2-phenoxyethoxy)heptan-2-yl)benzoate
(4g)
Yellow oil, yield: 55%, 54.8 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)
'H NMR (600 MHz, CDCl5) & 7.94 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H), 7.29 — 7.20 (m, 2H),
7.01 — 6.89 (m, 1H), 6.82 (dt, J= 7.8, 1.0 Hz, 2H), 5.30 (s, 1H), 4.50 — 4.41 (m, 1H), 4.38 — 4.27 (m,
1H), 4.17 — 4.04 (m, 2H), 3.89 (s, 3H), 3.77 (dd, J=9.0, 3.8 Hz, 1H), 2.32 (dd, J = 14.2, 9.0 Hz, 1H),
2.11 —2.02 (m, 1H), 2.01 — 1.89 (m, 1H), 1.58 — 1.45 (m, 3H), 1.31 (s, 9H), 0.86 (s, 6H).
BC NMR (151 MHz, CDCl3) § 173.9, 172.4, 166.6, 158.2, 145.5, 129.9, 129.4, 129.0, 127.8, 121.1,
114.5, 65.4, 63.3,52.0, 50.9, 47.6, 44.6, 37.3, 33.2, 32.4, 28.7, 26.9, 26.7.
HRMS (ESI) m/z: [M + H]" Calcd for C2oH49NOs" 498.2850; found 498.2832.

o)
o) o)
Bu. _N
USN 0
H o)
COzMe

methyl 4-(7-(tert-butylamino)-1-((2,5-dioxopyrrolidin-1-yl)oxy)-4,4-dimethyl-1,7-dioxoheptan-2-
yD)benzoate (4h)

Yellow oil, yield: 31%, 29.4 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)

'"H NMR (600 MHz, CDCls) § 8.02 (d, J = 8.3 Hz, 2H), 7.43 (d, J = 8.3 Hz, 2H), 5.34 (s, 1H), 4.02 (dd,
J=17.9,4.4 Hz, 1H), 3.90 (s, 3H), 2.85 — 2.66 (m, 4H), 2.36 (dd, /= 14.4, 7.9 Hz, 1H), 2.10 — 2.03 (m,
1H), 2.02 — 1.95 (m, 1H), 1.71 (dd, J = 14.4, 4.4 Hz, 1H), 1.64 — 1.51 (m, 2H), 1.32 (s, 9H), 0.92 (d, J =
9.0 Hz, 6H).

3C NMR (151 MHz, CDCl3) § 172.2, 169.5, 166.5, 143.4, 130.2, 129.7, 128.0, 52.1, 51.0, 45.1, 44.6,
37.2,33.4,32.5,28.7,26.9,26.7,25.5.
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HRMS (ESI) m/z: [M + H]" Calcd for CsH3sN2O7" 475.2439; found 475.2434.
0] O

t
Bu<
Y NH,
H

CO,Me
methyl 4-(1-amino-7-(fert-butylamino)-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate (4i)
White solid (m. p. 232-234 °C), yield: 63%, 47.4 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)
"H NMR (600 MHz, DMSO-dc) 6 7.93 (d, J = 8.3 Hz, 2H), 7.65 (s, 1H), 7.51 (d, J = 8.4 Hz, 2H), 7.35
(s, 1H), 6.86 (s, 1H), 3.89 (s, 3H), 3.72 (dd, J = 8.8, 3.5 Hz, 1H), 2.25 (dd, /= 13.9, 8.8 Hz, 1H), 2.09 —
1.91 (m, 2H), 1.45 (t, J=17.5, 6.9, 3.8 Hz, 2H), 1.38 (dd, J=13.9, 3.6 Hz, 1H), 1.26 (s, 9H), 0.86 (s, 6H).
BCNMR (151 MHz, DMSO-ds) § 175.0, 172.6, 166.6, 149.2, 129.6, 128.3, 128.1, 52.5, 50.1, 47.6, 44.7,
38.0, 33.6, 31.8, 29.0, 27.1, 27.0.
HRMS (ESI) m/z: [M + H]" Calcd for C21H33N204" 377.2435; found 377.2422.

0]

Bu. CN
N
H

COyMe
methyl 4-(6-(tert-butylamino)-1-cyano-3,3-dimethyl-6-oxohexyl)benzoate (4j)
Colorless oil, yield: 51%, 36.6 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)
'"H NMR (600 MHz, CDCl3) § 8.05 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.1 Hz, 2H), 5.50 (s, 1H), 3.93 (s,
3H), 3.86 (dd, J=10.5,3.2 Hz, 1H), 2.20 — 2.11 (m, 1H), 2.09 — 2.01 (m, 2H), 1.78 — 1.64 (m, 2H), 1.60
(dd, J=14.5, 3.3 Hz, 1H), 1.33 (s, 9H), 1.04 (d, /= 12.1 Hz, 6H).
3C NMR (151 MHz, CDCl3) § 172.1, 166.3, 142.3, 130.5, 129.9, 127.2, 121.5, 52.2, 51.1, 47.6, 37.0,
33.5,32.7,32.6,28.7,27.2,26.9.
HRMS (ESI) m/z: [M + H]" Calcd for CH31N203" 359.2329; found 359.2317.

(0] O
n_OEt
P

t)
Bu.
! “OEt

N
H

CO,Me
methyl 4-(6-(tert-butylamino)-1-(diethoxyphosphoryl)-3,3-dimethyl-6-oxohexyl)benzoate (4Kk)
Colorless oil, yield: 54%, 50.7 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)
'"H NMR (600 MHz, CDCl3) § 7.97 (d, J = 8.3 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 5.44 (s, 1H), 4.08 (qd,
J=17.3,2.5Hz, 4H), 3.90 (s, 3H), 3.33 (dd, /= 7.7, 4.4 Hz, 1H), 2.37 (dd, /= 14.3, 7.7 Hz, 1H), 1.72 —
1.51 (m, 4H), 1.47 (dd, J = 14.3, 4.4 Hz, 1H), 1.32 (td, J = 7.1, 4.9 Hz, 6H), 1.26 (s, 9H), 0.84 (d, J =
24.3 Hz, 6H).
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BC NMR (151 MHz, CDCl3) 8 171.8, 166.9, 147.6, 130.0, 128.7, 127.5, 61.5 (d, J = 6.5 Hz), 52.0, 51.3,
49.9,44.1,33.7(d, J=4.7 Hz), 33.5 (d, J=16.6 Hz), 28.5, 26.8, 26.6, 20.5 (d, /= 141.1 Hz), 16.5 (d, J
= 6.0 Hz).

3P NMR (162 MHz, CDCl5) & 33.5.

HRMS (ESI) m/z: [M + H]" Calcd for Co4HaiNOGP™ 470.2666; found 470.2645.

0] )

1

t

Bu\N B‘O
H

CO,Me

methyl 4-(6-(tert-butylamino)-3,3-dimethyl-6-0x0-1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDhexyl)benzoate (41)
Colorless oil, yield: 67%, 61.6 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'"H NMR (600 MHz, CDCl3) § 7.91 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 6.5 Hz, 2H), 5.21 (s, 1H), 3.88 (s,
3H), 2.47 (dd, J=8.8, 4.6 Hz, 1H), 2.05 — 1.99 (m, 2H), 1.98 — 1.91 (m, 1H), 1.58 — 1.51 (m, 3H), 1.31
(s, 9H), 1.13 (s, 12H), 0.86 (s, 6H).
3C NMR (151 MHz, CDCl;) § 172.6, 167.1, 150.6, 129.6, 128.1, 127.0, 83.4, 51.8, 50.9, 43.7, 37.7,
33.7,32.7,28.7,26.9,26.9, 24.5, 24.3.
HRMS (ESI) m/z: [M + H]" Calcd for C2sHasBNOs* 460.3229; found 460.3217.

O 0]

t)
Bu<
USN OBn
H

CO,Me
methyl 4-(1-(benzyloxy)-7-(tert-butylamino)-4,4,6-trimethyl-1,7-dioxoheptan-2-yl)benzoate (5a)
Colorless oil, yield: 57%, 54.9 mg, dr = 3:1
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'H NMR (600 MHz, CDCls) § 7.96 (dd, J = 8.4, 7.1 Hz, 2H), 7.43 — 7.33 (m, 2H), 7.32 — 7.28 (m, 3H),
7.24-7.16 (m, 2H), 5.25 (d, /= 4.3 Hz, 1H), 5.10 (dd, /= 12.4,2.2 Hz, 1H), 5.02 (dd, /= 12.4, 9.4 Hz,
1H), 3.90 (d, J=2.2 Hz, 3H), 3.81 — 3.68 (m, 1H), 2.46 —2.29 (m, 1H), 2.14 —2.00 (m, 1H), 1.99 — 1.88
(m, 1H), 1.70 — 1.49 (m, 1H), 1.28 (d, J=12.3 Hz, 9H), 1.15 — 0.99 (m, 4H), 0.89 — 0.76 (m, 6H).
3C NMR (151 MHz, CDCls) § 176.1, 173.9, 173.8, 166.8, 166.8, 145.8, 145.8, 135.5, 129.9, 129.8,
128.9, 128.9, 128.4, 128.4, 128.2, 128.1, 128.0, 128.0, 127.9, 66.8, 52.1, 52.0, 50.8, 47.7, 47.6, 45.6,
45.3,45.1,45.0, 38.1, 38.1, 33.9, 33.9, 28.6, 27.1, 26.9, 26.8, 26.5, 21.5, 21 .4.
HRMS (ESI) m/z: [M + H]" Calcd for C2oH4oNOs" 482.2901; found 482.2877.
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Bud
. OBn

Iz

CO,Me
methyl 4-(1-(benzyloxy)-7-(fert-butylamino)-4,4,5-trimethyl-1,7-dioxoheptan-2-yl)benzoate (Sb)
Colorless oil, yield: 55%, 52.9 mg, dr = 1:1
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
"H NMR (600 MHz, CDCl3) § 7.96 (dd, J = 8.4, 1.8 Hz, 2H), 7.39 (dd, /= 9.7, 8.3 Hz, 2H), 7.32 — 7.27
(m, 3H), 7.23 — 7.19 (m, 2H), 5.46 — 5.22 (m, 1H), 5.13 — 5.08 (m, 1H), 5.06 — 4.99 (m, 1H), 3.90 (d, J
= 1.3 Hz, 3H), 3.84 — 3.74 (m, 1H), 2.45 — 2.30 (m, 1.5H), 2.29 — 2.24 (m, 0.5H), 2.00 — 1.83 (m, 1H),
1.68 — 1.52 (m, 2H), 1.34 (d, /= 9.7 Hz, 9H), 0.86 (d, /= 6.7 Hz, 1.5H), 0.83 — 0.80 (m, 4.5H), 0.77 (d,
J=24.5Hz, 3H).
13C NMR (151 MHz, CDCl;) § 174.0, 173.8, 172.3, 172.1, 166.8, 145.8, 145.8, 135.5, 135.4, 129.9,
128.9, 128.9, 128.4, 128.1, 128.1, 128.0, 128.0, 127.9, 127.8, 66.9, 66.8, 52.0, 51.1, 51.1, 47.4, 47.3,
43.0,42.9, 40.0, 38.9, 38.5, 35.7, 35.7, 28.8, 28.7, 24.7, 24.5, 24.2,23.7, 14.2, 14.1.
HRMS (ESI) m/z: [M + H]" Calcd for C29H4oNOs" 482.2901; found 482.2880.

0 0
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methyl 4-(1-(benzyloxy)-7-(tert-butylamino)-5-ethyl-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate
(5¢)
Colorless oil, yield: 49%, 48.6 mg, dr=1.3:1
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'"H NMR (600 MHz, CDCls) & 7.96 (t, J = 8.7 Hz, 2H), 7.39 (dd, J = 8.2, 5.6 Hz, 2H), 7.32 — 7.27 (m,
3H), 7.25 - 7.17 (m, 2H), 5.37 (d, J = 6.3 Hz, 0.5H), 5.27 (d, J = 6.8 Hz, 0.5H), 5.13 — 5.08 (m, 1H),
5.03 (d, J=12.4 Hz, 1H), 3.90 (d, J=2.4 Hz, 3H), 3.86 —3.79 (m, 1H), 2.43 —2.31 (m, 1H), 2.28 — 2.14
(m, 1H), 1.85 - 1.71 (m, 2H), 1.65 — 1.48 (m, 2H), 1.32 (d, J = 10.7 Hz, 9H), 1.09 — 0.97 (m, 1H), 0.91
(t, J=17.4 Hz, 1.8H), 0.87 — 0.82 (m, 4.2H), 0.78 (d, J= 7.5 Hz, 3H).
3C NMR (151 MHz, CDCls) § 174.0, 173.9, 172.5, 172.3, 166.8, 166.8, 146.0, 145.9, 135.5, 135.5,
129.9, 129.9, 128.9, 128.8, 128.4, 128.4, 128.1, 128.0, 127.9, 127.9, 66.8, 66.8, 52.0, 52.0, 51.0, 50.9,
47.4,47.3,45.2,45.2,43.2,42.8, 38.5, 36.8, 36.7, 28.7, 28.7, 25.2, 25.1, 24.2, 24.0, 23.6, 23.4, 13.3.
HRMS (ESI) m/z: [M + H]" Calcd for C30H42NOs" 496.3057; found 496.3038.
O 0]

Busy OBn

H n-Bu

CO,Me
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methyl 4-(1-(benzyloxy)-4-(3-(tert-butylamino)-3-oxopropyl)-4-methyl-1-oxooctan-2-yl)benzoate
(3d)
Colorless oil, yield: 58%, 59.1 mg, dr=1.1:1
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
"H NMR (400 MHz, CDCls) § 7.97 (d, J = 8.3 Hz, 2H), 7.40 (d, J = 7.7 Hz, 2H), 7.33 — 7.25 (m, 3H),
7.24 —7.15 (m, 2H), 5.29 (s, 1H), 5.13 —4.95 (m, 2H), 3.90 (s, 3H), 3.75 (dd, J = 8.6, 3.8 Hz, 1H), 2.31
(dt, J=14.3, 8.0 Hz, 1H), 2.07 — 1.97 (m, 1H), 1.96 — 1.85 (m, 1H), 1.61 — 1.46 (m, 3H), 1.32 (s, 9H),
1.23-1.12 (m, 5H), 0.92 — 0.81 (m, 4H), 0.79 (d, J=4.5 Hz, 3H).
3C NMR (151 MHz, CDCl;) § 173.9, 172.5, 166.7, 145.7, 135.3, 129.9, 129.0, 128.4, 128.2, 128.0,
127.9, 127.9, 66.9, 66.9, 52.0, 50.9, 47.2, 47.2,42.4, 42.3, 39.2, 39.1, 35.6, 35.6, 34.7, 34.6, 32.1, 32.1,
28.7,25.5,25.5,24.4,23.4,23.4,14.0, 14.0.
HRMS (ESI) m/z: [M + H]" Calcd for C31H4NOs" 510.3214; found 510.3193.
0] O

Busy OBn

H nBd Et

CO,Me
methyl 4-(1-(benzyloxy)-4-(3-(zert-butylamino)-3-oxopropyl)-4-ethyl-1-oxooctan-2-yl)benzoate (5e)
Colorless oil, yield: 46%, 48.2 mg, dr=1.2:1
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'H NMR (600 MHz, CDCI3) 8 7.97 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.3 Hz, 2H), 7.30 (dd, J = 5.3, 1.8
Hz, 3H), 7.20 (dd, J=17.0, 2.7 Hz, 2H), 5.29 (d, /= 18.7 Hz, 1H), 5.10 — 5.01 (m, 2H), 3.90 (s, 3H), 3.74
—3.69 (m, 1H), 2.27 (dd, J = 14.7, 8.3 Hz, 1H), 2.05 — 1.95 (m, 1H), 1.85 — 1.78 (m, 1H), 1.57 — 1.50
(m, 2H), 1.44 — 1.37 (m, 1H), 1.32 (s, 9H), 1.25 — 1.09 (m, 8H), 0.86 — 0.83 (m, 3H), 0.74 — 0.68 (m,
3H).
BC NMR (151 MHz, CDCls) § 174.0, 173.9, 172.7, 172.6, 166.7, 145.8, 145.8, 135.3, 135.3, 129.9,
129.0, 128.5, 128.2, 128.2, 128.0, 127.9, 66.9, 52.1, 50.9, 46.8, 46.8, 39.3, 39.3, 38.1, 35.3 (d, /= 2.1
Hz), 31.8,31.7,31.7,31.7,28.7,28.2, 28.2,24.9, 24.8, 23 .4, 14.1, 14.0, 7.4, 7.3.
HRMS (ESI) m/z: [M + H]" Calcd for C3;H4sNOs" 524.3370; found 524.3350.

Bu, 0 Q
HN OBn
CO,Me
methyl 4-(1-(benzyloxy)-3-(1-(3-(tert-butylamino)-3-oxopropyl)cyclopentyl)-1-oxopropan-2-
yDbenzoate (5f)

Yellow oil, yield: 66%, 65.2 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)

'H NMR (400 MHz, CDCl5) & 7.97 (d, J = 8.1 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H), 7.33 — 7.27 (m, 3H),
7.20 (dd, J = 6.8, 2.9 Hz, 2H), 5.27 (s, 1H), 5.13 — 4.99 (m, 2H), 3.90 (s, 3H), 3.75 (dd, J= 8.1, 4.3 Hz,
1H), 2.44 —2.31 (m, 1H), 2.12 - 2.00 (m, 1H), 1.91 — 1.82 (m, 1H), 1.68 — 1.51 (m, 7H), 1.40 — 1.24 (m,
13H).
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BC NMR (151 MHz, CDCls) § 173.9, 172.5, 166.7, 145.6, 135.3, 129.9, 129.0, 128.4, 128.2, 128.0,
127.9, 66.9, 52.0, 50.9, 48.3, 45.3, 41.3, 37.6, 37.4, 33.3, 33.0, 28.7, 24.0, 23.9.
HRMS (ESI) m/z: [M + H]" Caled for C30H4NOs" 494.2901; found 494.2881.
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methyl 4-(6-acetoxy-1-(benzyloxy)-7-(fert-butylamino)-4,4-dimethyl-1,7-dioxoheptan-2-
yDbenzoate (5g)

Yellow oil, yield: 45%, 47.3 mg, dr=1:1

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)

'"H NMR (600 MHz, CDCl3) & 7.99 — 7.94 (m, 2H), 7.39 (d, J = 8.3 Hz, 2H), 7.33 — 7.28 (m, 3H), 7.21
(dt, J=5.4,2.7 Hz, 2H), 5.68 (d, J = 28.7 Hz, 1H), 5.11 — 5.07 (m, 1H), 5.04 — 4.98 (m, 2H), 3.91 (s,
3H), 3.82 — 3.77 (m, 1H), 2.43 — 2.33 (m, 1H), 2.05 (s, 1.5H), 1.95 (s, 1.5H), 1.79 — 1.69 (m, 2H), 1.67
—1.58 (m, 1H), 1.32 (d, J= 3.1 Hz, 9H), 0.89 (d, /= 8.3 Hz, 3H), 0.86 (d, J=2.6 Hz, 3H).

3C NMR (151 MHz, CDCl;) § 173.7, 173.6, 170.0, 169.9, 169.3, 169.3, 166.7, 166.7, 145.4, 135.4,
135.3,130.0,129.9,129.1,129.0, 128.5, 128.4, 128.2, 128.2, 128.1, 128.1, 127.9, 127.9,72.2,72.1, 67.0,
66.9, 52.1, 52.1, 51.2, 47.6, 47.6, 45.3, 44.7, 43.2, 42.6, 33.4, 33.3, 28.5, 27.4, 27.2, 27.1, 26.8, 21.0,
20.9.

HRMS (ESI) m/z: [M + H]" Calcd for C30H4NO7" 526.2799; found 526.2777.

O 0]
¢
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CO,Me
methyl 4-(1-(benzyloxy)-7-(tert-butylamino)-6-(1,3-dioxoisoindolin-2-yl)-4,4-dimethyl-1,7-

dioxoheptan-2-yl)benzoate (5h)

Yellow oil, yield: 38%, 46.6 mg, dr = 1:1

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)

'"H NMR (600 MHz, CDCl3) § 7.93 (d, J = 8.3 Hz, 1H), 7.85 (dd, J = 5.4, 3.0 Hz, 1H), 7.81 (d, /= 8.3
Hz, 1H), 7.78 — 7.72 (m, 2H), 7.68 (dd, J = 5.5, 3.0 Hz, 1H), 7.35 (d, J = 8.4 Hz, 1H), 7.30 — 7.25 (m,
4H),7.21 —7.15 (m, 2H), 5.99 (d, /= 18.3 Hz, 1H), 5.14 —4.92 (m, 3H), 4.80 (dd, /=9.4, 3.5 Hz, 0.5H),
4.76 — 4.70 (m, 0.5H), 3.90 (d, J = 6.2 Hz, 3H), 3.77 (dd, J = 8.7, 4.0 Hz, 0.5H), 3.72 (dd, /= 9.3, 3.4
Hz, 0.5H), 2.41 — 2.31 (m, 1.5H), 2.25 (dd, J = 14.9, 8.9 Hz, 0.5H), 2.12 (dd, J = 14.9, 4.0 Hz, 0.5H),
2.06 —2.01 (m, 0.5H), 1.68 — 1.58 (m, 1H), 1.29 (d, /= 10.0 Hz, 9H), 0.90 (s, 1.5H), 0.87 (d, /= 5.6 Hz,
3H), 0.83 (s, 1.5H).

3C NMR (151 MHz, CDCls) & 173.7, 173.5, 168.3, 168.3, 168.1, 168.1, 166.8, 166.6, 145.4, 145.0,
135.4, 135.3, 134.3, 134.2, 131.5, 131.4, 129.9, 129.8, 129.0, 128.9, 128.4, 128.4, 128.2, 128.1, 128.0,
128.0, 127.9, 127.8, 67.0, 66.9, 52.6, 52.4, 52.1, 51.5, 51.5,47.5,47.5, 45.3, 44.0, 40.3, 39.3, 33.7, 33.6,
28.5,28.5,27.0,26.9,26.4,26.3.

HRMS (ESI) m/z: [M + H]" Calcd for C37H4.NO7" 613.2908; found 613.2886.
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methyl 4-(1-(benzyloxy)-4-(2-(tert-butylamino)-2-oxoethoxy)-4-methyl-1-oxopentan-2-yl)benzoate
(51)
Colorless oil, yield: 51%, 47.9 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
"H NMR (400 MHz, CDCls) 8 7.98 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H), 7.32 — 7.28 (m, 3H),
7.23 —7.18 (m, 2H), 6.51 (s, 1H), 5.14 — 5.01 (m, 2H), 3.92 — 3.85 (m, 4H), 3.77 — 3.63 (m, 2H), 2.70
(dd, J=14.3,10.5 Hz, 1H), 1.76 (dd, J=14.3,2.9 Hz, 1H), 1.39 (s, 9H), 1.21 (d, /= 8.7 Hz, 6H).
BC NMR (151 MHz, CDCls) § 173.6, 169.5, 166.7, 144.7, 135.4, 130.0, 129.2, 128.5, 128.3, 127.9,
127.7,75.7, 66.8, 62.3, 52.1, 50.8, 47.1, 45.2, 28.7,25.4, 24.1.
HRMS (ESI) m/z: [M + H]" Calcd for Co7H3¢NOg" 470.2537; found 470.2521.

o)
tBu\H

CO2Me
(0]
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methyl 4-(1-(benzyloxy)-3-((1S,2S,3R,5R,7S)-1-(2-(tert-butylamino)-2-oxoethyl)adamantan-2-yl)-
1-oxopropan-2-yl)benzoate (5j)
Colorless oil, yield: 47%, 51.3 mg, dr=1.1:1
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'H NMR (600 MHz, CDCl5) § 7.97 (dd, J = 8.4, 2.1 Hz, 2H), 7.41 — 7.37 (m, 2H), 7.34 — 7.28 (m, 3H),
7.26—7.19 (m, 2H), 5.29 (s, 0.5H), 5.18 — 5.02 (m, 2.5H), 3.91 (s, 3H), 3.78 (dd, J=10.6, 4.7 Hz, 0.5H),
3.72 (dd, J= 8.8, 6.5 Hz, 0.5H), 2.17 — 2.06 (m, 1H), 1.97 — 1.83 (m, 4H), 1.80 — 1.66 (m, 6H), 1.65 —
1.49 (m, 6H), 1.44 — 1.42 (m, 1H), 1.35 (s, 4.5H), 1.30 (s, 4.5H).
BC NMR (151 MHz, CDCl3) & 173.6, 173.1, 170.6, 170.3, 166.9, 166.8, 144.8, 143.8, 135.7, 135.6,
129.9,129.8, 129.1, 129.0, 128.5, 128.4, 128.3, 128.2, 128.1, 128.1, 127.9, 127.8, 66.6, 66.6, 52.1, 52.0,
51.1, 51.1, 49.6, 49.3, 48.7, 48.6, 45.7, 45.0, 42.9, 42.7, 42.7, 38.3, 38.2, 37.2, 37.1, 36.9, 36.7, 35.3,
35.2,32.4,30.8,30.7, 30.6, 30.4, 30.2, 28.8, 28.8, 28.3, 28.1, 28.1.
HRMS (ESI) m/z: [M + Na]* Calcd for C34H43NOsNa* 568.3033; found 568.3012.
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CO,Me
methyl 4-(1-(benzyloxy)-7-(tert-butylamino)-1,7-dioxo-4-propylheptan-2-yl)benzoate (5k)
Colorless oil, dr=1.1:1

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
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IH NMR (600 MHz, CDCls) § 7.97 (dd, J = 8.3, 2.9 Hz, 2H), 7.38 (d, J = 7.4 Hz, 2H), 7.34 — 7.28 (m,
3H), 7.25 - 7.18 (m, 2H), 5.31 (s, 0.53H), 5.16 (s, 0.47H), 5.11 (dd, J = 12.4, 3.7 Hz, 1H), 5.06 (dd, J =
12.4,7.9 Hz, 1H), 3.91 (s, 3H), 3.81 (dt, J = 10.6, 7.3 Hz, 1H), 2.11 — 2.02 (m, 2H), 2.01 — 1.90 (m, 1H),
1.82 - 1.68 (m, 1H), 1.67 — 1.47 (m, 3H), 1.31 (d, J = 17.4 Hz, 9H), 1.26 — 1.16 (m, 4H), 0.82 (dt, J =
17.6, 6.8 Hz, 3H).

13C NMR (101 MHz, CDCls) & 173.3, 173.3, 172.3, 172.1, 166.8, 166.8, 144.3, 144.3, 135.6, 135.6,
129.9, 129.1, 129.1, 128.5, 128.2, 128.2, 128.1, 128.0, 128.0, 127.9, 66.7, 66.7, 52.1, 51.0, 49.2, 49.2,
37.5,37.4,35.7,35.3, 34.8, 34.7, 34.6, 34.4, 29.1, 29.0, 28.8, 28.7, 19.4, 19.2, 14.3, 14.2.

HRMS (ESI) m/z: [M + H]* Calcd for CooHaoNOs* 482.2901; found 482.2906.

CO,Me
o)

Bu.

N
methyl 4-(1-(tert-butylamino)-1-oxoheptan-4-yl)benzoate (5k*)
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)
'H NMR (400 MHz, CDCl3) § 7.97 (d, J = 8.2 Hz, 2H), 7.21 (d, J = 8.2 Hz, 2H), 5.09 (s, 1H), 3.91 (s,
3H), 2.60 (dt, J = 9.7, 4.8 Hz, 1H), 2.14 — 2.02 (m, 1H), 1.91 — 1.76 (m, 3H), 1.68 — 1.52 (m, 2H), 1.30
(s, 9H), 1.22 — 1.07 (m, 2H), 0.83 (t, J = 7.3 Hz, 3H).
13C NMR (101 MHz, CDCls) 6 171.8, 167.0, 150.8, 129.7, 128.1, 127.8, 52.0, 51.0, 45.2, 39.0, 35.3,
32.0, 28.7, 20.5, 14.0.
HRMS (ESI) m/z: [M + H]* Calcd for C19H30NO3* 320.2220; found 320.2223.
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methyl 3-(1-(benzyloxy)-7-(tert-butylamino)-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate (6a)
Colorless oil, yield: 77%, 72 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'"H NMR (600 MHz, CDCls) § 8.00 (s, 1H), 7.92 (d, J = 7.7 Hz, 1H), 7.53 (d, J= 7.7 Hz, 1H), 7.37 (t, J
=17.7 Hz, 1H), 7.29 (t, J = 5.4 Hz, 3H), 7.24 — 7.19 (m, 2H), 5.36 (s, 1H), 5.14 — 5.07 (m, 1H), 5.07 —
4.99 (m, 1H), 3.91 (s, 3H), 3.78 (dd, /=9.0, 3.9 Hz, 1H), 2.35 (dd, J = 14.2, 9.0 Hz, 1H), 2.09 — 2.02
(m, 1H), 2.01 — 1.93 (m, 1H), 1.59 — 1.50 (m, 3H), 1.32 (s, 9H), 0.85 (s, 6H).
3C NMR (151 MHz, CDCls) § 174.0, 172.4, 166.7, 140.8, 135.4, 132.4, 130.4, 128.9, 128.7, 128.4,
128.1, 128.0, 66.8, 52.0, 50.9, 47.3, 44.5, 37.3, 33.2, 32.5, 28.7, 26.9, 26.8.
HRMS (ESI) m/z: [M + H]" Calcd for C23H3sNOs" 468.2744; found 468.2726.
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methyl 2-(1-(benzyloxy)-7-(tert-butylamino)-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate (6b)
Colorless oil, yield: 31%, 29 mg
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Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'H NMR (600 MHz, CDCl3) 8 7.80 (d, J= 7.7 Hz, 1H), 7.51 (d, J= 7.9 Hz, 1H), 7.44 (t,J = 7.3 Hz, 1H),
7.31 —7.24 (m, 4H), 7.16 (dd, J = 7.3, 2.3 Hz, 2H), 5.66 (s, 1H), 5.07 — 4.99 (m, 2H), 4.80 (dd, J = 8.7,
3.4 Hz, 1H), 3.84 (s, 3H), 2.36 (dd, /= 14.2, 8.6 Hz, 1H), 2.06 — 1.94 (m, 2H), 1.65 — 1.57 (m, 1H), 1.57
—1.51 (m, 2H), 1.33 (s, 9H), 0.86 (d, /= 10.0 Hz, 6H).
B3C NMR (151 MHz, CDCls) § 174.3, 173.1, 168.4, 141.3, 135.7, 132.1, 130.4, 129.6, 129.0, 128.3,
127.9,127.7, 126.8, 66.6, 52.3, 50.8, 43.7, 42.2, 37.6, 33.5, 33.1, 28.8, 27.5, 27 4.
HRMS (ESI) m/z: [M + H]" Calcd for C2sH3sNOs* 468.2744; found 468.2726.
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ethyl 4-(1-(benzyloxy)-7-(tert-butylamino)-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate (6¢)
Colorless oil, yield: 82%, 78 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'H NMR (600 MHz, CDCls) & 7.97 (d, J = 8.3 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 7.33 — 7.27 (m, 3H),
7.21 (dd, J =174, 2.1 Hz, 2H), 5.32 (s, 1H), 5.12 — 5.07 (m, 1H), 5.06 — 5.00 (m, 1H), 4.36 (q, J= 7.1
Hz, 2H), 3.78 (dd, /= 8.7, 4.0 Hz, 1H), 2.33 (dd, /= 14.2, 8.7 Hz, 1H), 2.08 — 2.01 (m, 1H), 1.99 — 1.93
(m, 1H), 1.60 — 1.46 (m, 3H), 1.38 (t, /= 7.1 Hz, 3H), 1.32 (s, 9H), 0.84 (s, 6H).
3C NMR (151 MHz, CDCl;) § 173.7, 172.4, 166.2, 145.5, 135.3, 129.8, 129.3, 128.4, 128.1, 128.0,
127.8, 66.8, 60.8, 50.9, 47.6, 44.5,37.2, 33.2,32.4, 28.7, 26.9, 26.8, 14.2.
HRMS (ESI) m/z: [M + H]+ Calcd for C2oH4oNOs" 482.2901; found 482.2882.
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CN
benzyl 7-(tert-butylamino)-2-(4-cyanophenyl)-4,4-dimethyl-7-oxoheptanoate (6d)
Colorless oil, yield: 71%, 61.7 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'"H NMR (600 MHz, CDCl3) § 7.60 — 7.56 (m, 2H), 7.46 — 7.40 (m, 2H), 7.34 — 7.29 (m, 3H), 7.21 (dd,
J=6.6,2.9 Hz, 2H), 5.32 (s, 1H), 5.17 — 4.95 (m, 2H), 3.77 (dd, /= 9.0, 3.7 Hz, 1H), 2.32 (dd, J = 14.2,
9.0 Hz, 1H), 2.11 — 1.95 (m, 2H), 1.62 — 1.49 (m, 3H), 1.32 (s, 9H), 0.84 (s, 6H).
BCNMR (151 MHz, CDCl3) § 173.3,172.2,145.8,135.1,132.4,128.6, 128.4,128.3,128.1, 118.6, 111.0,
67.1,51.0,47.7,44.7,37.1,33.3, 32.4,28.7, 26.8, 26.7.
HRMS (ESI) m/z: [M + H]" Calcd for C»7H3sN203" 435.2642; found 435.2626.
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benzyl 7-(tert-butylamino)-4,4-dimethyl-7-0x0-2-(4-(trifluoromethyl)phenyl)heptanoate (6e)
Yellow solid (m. p. 66-68 °C), yield: 81%, 77.4 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
"H NMR (600 MHz, CDCl5) § 7.59 — 7.50 (m, 2H), 7.45 — 7.39 (m, 2H), 7.32 — 7.27 (m, 3H), 7.23 - 7.17
(m, 2H), 5.32 (s, 1H), 5.12 - 5.02 (m, 2H), 3.78 (dd, /=9.1, 3.6 Hz, 1H), 2.35 (dd, /= 14.2, 9.1 Hz, 1H),
2.08 —2.02 (m, 1H), 2.01 — 1.95 (m, 1H), 1.60 — 1.51 (m, 3H), 1.32 (s, 9H), 0.85 (s, 6H).
3C NMR (151 MHz, CDCl3) § 173.7, 172.4, 144.5, 135.3, 129.4 (q, J = 32.4 Hz), 128.4, 128.2, 128.2,
128.0, 125.5 (q, J=3.8 Hz), 124.0 (q, J=272.0 Hz), 66.9, 51.0, 47.4, 44.7, 37.2, 33.2, 32.5, 28.7, 26.8,
26.8.
YF NMR (565 MHz, CDCl;) & -62.5.
HRMS (ESI) m/z: [M + H]" Calcd for Co7H3sF3NOs" 478.2564; found 478.2545.

0] O

t)
Bu.
USN OBn
H

F
benzyl 7-(tert-butylamino)-2-(4-fluorophenyl)-4,4-dimethyl-7-oxoheptanoate (6f)
Colorless oil, yield: 41%, 35.1 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'"H NMR (600 MHz, CDCl3) § 7.33 — 7.26 (m, 5H), 7.23 — 7.18 (m, 2H), 7.01 — 6.95 (m, 2H), 5.25 (s,
1H), 5.11 —4.98 (m, 2H), 3.70 (dd, /= 8.9, 4.0 Hz, 1H), 2.28 (dd, J = 14.2, 8.9 Hz, 1H), 2.07 — 2.01 (m,
1H), 1.98 — 1.92 (m, 1H), 1.56 — 1.48 (m, 3H), 1.32 (s, 9H), 0.84 (s, 6H).
BC NMR (151 MHz, CDCl3) 6 174.4, 172.5,161.9 (d, J=245.5 Hz), 136.2 (d, J = 3.2 Hz), 135.5, 129.3
(d, J=8.0 Hz), 128.4, 128.2, 128.0, 115.4 (d, J=21.3 Hz), 66.7, 51.0, 46.8, 44.7, 37.3, 33.2, 32.6, 28.8,
26.9,26.9.
F NMR (565 MHz, CDCl3) § -115.5.
HRMS (ESI) m/z: [M + H]" Calcd for CosH3sFNO3* 428.2595; found 428.2578.
O 0]

tBu\N

H

OBn

Cl
benzyl 7-(tert-butylamino)-2-(3-chlorophenyl)-4,4-dimethyl-7-oxoheptanoate (6g)
Colorless oil, yield: 83%, 73.7 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'"H NMR (600 MHz, CDCls) § 7.34 — 7.27 (m, 4H), 7.25 — 7.17 (m, 5H), 5.33 (s, 1H), 5.13 — 5.07 (m,
1H), 5.06 — 5.00 (m, 1H), 3.68 (dd, J=9.1, 3.7 Hz, 1H), 2.29 (dd, J=14.2, 9.1 Hz, 1H), 2.08 — 2.00 (m,
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1H), 2.00 — 1.93 (m, 1H), 1.55 — 1.49 (m, 3H), 1.32 (s, 9H), 0.87 — 0.81 (m, 6H).
13C NMR (151 MHz, CDCL) & 173.9, 172.5, 142.4, 135.3, 134.3, 129.8, 128.4, 128.2, 128.0, 127.9,
127.3,126.1, 66.9, 51.0, 47.2, 44.5, 37.3, 33.2, 32.5, 28.7, 26.9, 26.8.
HRMS (ESI) m/z: [M + Na]* Calcd for CaH3sCINO3Na* 466.2119; found 466.2104.
o) 0

t)
Bu~\ OBn
H

CONH,

benzyl 7-(tert-butylamino)-2-(4-carbamoylphenyl)-4,4-dimethyl-7-oxoheptanoate (6h)
Colorless oil, yield: 43%, 38.9 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)
'H NMR (600 MHz, CDCl5) & 7.76 (d, J = 8.3 Hz, 2H), 7.39 (d, J = 8.1 Hz, 2H), 7.34 — 7.28 (m, 3H),
7.24 —7.20 (m, 2H), 6.36 (s, 1H), 6.03 (s, 1H), 5.33 (s, 1H), 5.11 — 5.07 (m, 1H), 5.05 — 4.99 (m, 1H),
3.77 (dd, J=8.9, 3.9 Hz, 1H), 2.32 (dd, /= 14.2, 8.9 Hz, 1H), 2.08 — 2.00 (m, 1H), 1.98 — 1.92 (m, 1H),
1.60 — 1.50 (m, 3H), 1.32 (s, 9H), 0.83 (s, 6H).
3C NMR (151 MHz, CDCl;) § 173.9, 172.5, 169.0, 144.6, 135.3, 132.2, 128.5, 128.2, 128.1, 128.0,
127.8,66.9,51.0, 47.5, 44.6, 37.3, 33.2, 32.5, 28.7, 26.9, 26.8.
HRMS (ESI) m/z: [M + H]" Calcd for Co7H37N204" 453.2748; found 453.2731.

(0] 0]

t
Bu.
YSN 0Bn
H

COMe

benzyl 2-(4-acetylphenyl)-7-(tert-butylamino)-4,4-dimethyl-7-oxoheptanoate (6i)
Colorless oil, yield: 82%, 74.1 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)
'H NMR (600 MHz, CDCl5) & 7.89 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.2 Hz, 2H), 7.34 — 7.27 (m, 3H),
7.24 —7.19 (m, 2H), 5.36 (s, 1H), 5.10 (d, J=12.3 Hz, 1H), 5.03 (d, /= 12.3 Hz, 1H), 3.79 (dd, /= 8.9,
3.8 Hz, 1H), 2.58 (s, 3H), 2.34 (dd, J= 14.2, 8.9 Hz, 1H), 2.08 —2.02 (m, 1H), 2.01 — 1.95 (m, 1H), 1.60
—1.51 (m, 3H), 1.32 (s, 9H), 0.84 (s, 6H).
3C NMR (151 MHz, CDCls) 6 197.5, 173.7, 172.4, 145.8, 135.9, 135.3, 128.7, 128.4, 128.2, 128.0,
128.0, 66.9, 50.9, 47.6, 44.6, 37.2, 33.2, 32.4, 28.7, 26.8, 26.8, 26.5.
HRMS (ESI) m/z: [M + H]" Calcd for CosH3sNO4" 452.2795; found 452.2779.

(0] 0]

t
Bu.
USN OBn
H

COPh
benzyl 2-(4-benzoylphenyl)-7-(tert-butylamino)-4,4-dimethyl-7-oxoheptanoate (6j)
Colorless oil, yield: 90%, 92.5 mg
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Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)
"H NMR (600 MHz, CDCl3) § 7.78 (d, J= 7.1 Hz, 2H), 7.74 (d, J = 8.2 Hz, 2H), 7.59 (t, J= 7.4 Hz, 1H),
7.48 (t,J=7.7Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 7.34 — 7.28 (m, 3H), 7.26 — 7.22 (m, 2H), 5.35 (s, 1H),
5.14-5.10 (m, 1H), 5.09 — 5.04 (m, 1H), 3.81 (dd, J=9.1, 3.7 Hz, 1H), 2.37 (dd, /= 14.2, 9.1 Hz, 1H),
2.09-2.03 (m, 1H), 2.02 — 1.96 (m, 1H), 1.62 — 1.54 (m, 3H), 1.32 (s, 9H), 0.86 (s, 6H).
BC NMR (151 MHz, CDCls) § 196.1, 173.8, 172.4, 145.1, 137.4, 136.3, 135.3, 132.4, 130.4, 129.9,
128.4,128.2, 128.2, 128.0, 127.7, 66.9, 50.9, 47.6, 44.6, 37.3, 33.2, 32.5, 28.7, 26.8, 26.8.
HRMS (ESI) m/z: [M + H]" Calcd for C33H40NO4" 514.2952; found 514.2932.

@) O

t)
Bu.
YN 0Bn
H

CHO
benzyl 7-(tert-butylamino)-2-(4-formylphenyl)-4,4-dimethyl-7-oxoheptanoate (6k)
Colorless oil, yield: 71%, 62.1 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)
'"H NMR (600 MHz, CDCls) § 9.98 (s, 1H), 7.81 (d, J = 8.2 Hz, 2H), 7.49 (d, J = 8.2 Hz, 2H), 7.33 —
7.27 (m, 3H), 7.24 — 7.20 (m, 2H), 5.34 (s, 1H), 5.13 — 5.08 (m, 1H), 5.07 — 5.00 (m, 1H), 3.81 (dd, /=
8.9, 3.8 Hz, 1H), 2.35 (dd, J = 14.2, 8.9 Hz, 1H), 2.09 — 2.03 (m, 1H), 2.02 — 1.96 (m, 1H), 1.61 — 1.51
(m, 3H), 1.32 (s, 9H), 0.85 (s, 6H).
3C NMR (151 MHz, CDCls) & 191.7, 173.5, 172.3, 147.3, 135.3, 135.2, 130.0, 128.5, 128.4, 128.2,
128.0, 67.0, 50.9, 47.8, 44.6, 37.2, 33.3,32.4, 28.7, 26.8, 26.8.
HRMS (ESI) m/z: [M + H]" Calcd for Co7H36NO4" 438.2639; found 438.2622.

O (e
Bud
N
H

OBnN

MeO,C CO,Me

dimethyl 5-(1-(benzyloxy)-7-(tert~-butylamino)-4,4-dimethyl-1,7-dioxoheptan-2-yl)isophthalate (61)
Colorless oil, yield: 36%, 37.8 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)

'H NMR (600 MHz, CDCls) & 8.57 (s, 1H), 8.19 (d, J = 1.6 Hz, 2H), 7.32 — 7.28 (m, 3H), 7.25 - 7.20
(m, 2H), 5.30 (s, 1H), 5.14 — 5.09 (m, 1H), 5.05 — 5.00 (m, 1H), 3.94 (s, 6H), 3.84 (dd, /= 9.0, 3.9 Hz,
1H), 2.38 (dd, J=14.2,9.0 Hz, 1H), 2.09 — 2.03 (m, 1H), 2.02 — 1.96 (m, 1H), 1.61 — 1.50 (m, 3H), 1.32
(s, 9H), 0.85 (d, J=2.7 Hz, 6H).

3C NMR (151 MHz, CDCls) § 173.6, 172.3, 165.9, 141.5, 135.2, 133.2, 131.0, 129.6, 128.4, 128.2,
128.2,67.0,52.4,51.0,47.3, 44.5,37.4,33.3,32.5, 28.7, 26.9, 26.8.

HRMS (ESI) m/z: [M + H]" Calcd for C30H4oNO7" 526.2799; found 526.2778.
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CO,Me
methyl 4-(1-(benzyloxy)-7-(tert-butylamino)-4,4-dimethyl-1,7-dioxoheptan-2-yl)-2-fluorobenzoate
(6m)
Colorless oil, yield: 65%, 63.1 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'H NMR (600 MHz, CDCl3) § 7.89 — 7.83 (m, 1H), 7.36 — 7.28 (m, 3H), 7.26 — 7.20 (m, 2H), 7.17 — 7.08
(m, 2H), 5.32 (s, 1H), 5.13 — 5.08 (m, 1H), 5.06 — 5.03 (m, 1H), 3.91 (s, 3H), 3.74 (dd, J=9.1, 3.8 Hz,
1H), 2.35 — 2.24 (m, 1H), 2.08 — 2.01 (m, 1H), 2.01 — 1.95 (m, 1H), 1.58 — 1.51 (m, 3H), 1.32 (s, 9H),
0.84 (s, 6H).
BC NMR (151 MHz, CDCl3) § 173.2, 172.3, 164.5 (d, J = 3.7 Hz), 161.8 (d, J = 260.8 Hz), 147.8 (d, J
=8.5 Hz), 135.2, 132.3,128.5, 128.3, 128.1, 123.5 (d, /= 3.3 Hz), 117.2 (d, /= 10.0 Hz), 116.3 (d, J =
23.2 Hz), 67.1,52.2,51.0,47.4, 44.5,37.2,33.2,32.4, 28.7, 26.8, 26.7.
F NMR (565 MHz, CDCls) § -108.7 (dd, J = 12.0, 7.1 Hz, 1F).
HRMS (ESI) m/z: [M + H]" Calcd for C23sH37FNOs* 486.2650; found 486.2633.
) O

Bu.

N

H

OBn

OCOMe
benzyl 2-(4-acetoxyphenyl)-7-(tert-butylamino)-4,4-dimethyl-7-oxoheptanoate (6n)
Colorless oil, yield: 30%, 28.1 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'"H NMR (600 MHz, CDCls) § 7.34 — 7.29 (m, 5H), 7.25 — 7.20 (m, 2H), 7.04 — 6.98 (m, 2H), 5.27 (s,
1H), 5.12 - 5.07 (m, 1H), 5.04 — 5.00 (m, 1H), 3.70 (dd, J=9.4, 3.4 Hz, 1H), 2.35 — 2.27 (m, 4H), 2.07
—2.00 (m, 1H), 1.99 — 1.94 (m, 1H), 1.57 — 1.48 (m, 3H), 1.32 (s, 9H), 0.84 (s, 6H).
BC NMR (151 MHz, CDCls) & 174.3, 172.5, 169.4, 149.7, 138.1, 135.5, 128.8, 128.5, 128.2, 128.0,
121.7,66.8,51.0, 46.9, 44.7,37.4, 33.2, 32.6, 28.8, 26.9, 26.9, 21.1.
HRMS (ESI) m/z: [M + H]" Calcd for C23H3sNOs" 468.2744; found 468.2726.

0O 0
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Bud<
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H

N

\S

benzyl 7-(tert-butylamino)-4,4-dimethyl-7-oxo-2-(thiophen-3-yl)heptanoate (60)

Colorless oil, yield: 77%, 64 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)

'H NMR (600 MHz, CDCl5) § 7.36 — 7.29 (m, 3H), 7.26 — 7.22 (m, 3H), 7.11 (dd, J = 3.0, 1.3 Hz, 1H),
7.05(dd, J=5.0, 1.3 Hz, 1H), 5.33 (s, 1H), 5.11 — 5.04 (m, 2H), 3.87 (dd, /= 9.0, 4.0 Hz, 1H), 2.25 (dd,
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J=14.2,9.0 Hz, 1H), 2.08 — 2.01 (m, 1H), 1.99 — 1.93 (m, 1H), 1.62 — 1.57 (m, 1H), 1.54 — 1.49 (m,
2H), 1.32 (s, 9H), 0.85 (d, J = 2.8 Hz, 6H).

13C NMR (151 MHz, CDCls) § 174.1, 172.6, 140.4, 135.5, 128.4, 128.1, 128.0, 127.1, 125.7, 121.4, 66.6,
50.9,44.3,43.0, 37.3, 33.1, 32.6, 28.7, 26.8, 26.8.

HRMS (ESI) m/z: [M + H]* Caled for CosH34NOsS* 416.2254; found 416.2239.

(@)
O (@]
¢
Bud
N
H

O~ "OBn
(1S,2R,5S)-2-isopropyl-5-methylcyclohexyl 4-(1-(benzyloxy)-7-(tert-butylamino)-4,4-dimethyl-1,7-
dioxoheptan-2-yl)benzoate (6p)
Colorless oil, yield: 59%, 69.8 mg, dr = 1:1
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)
'H NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.3 Hz, 2H), 7.42 — 7.37 (m, 2H), 7.33 — 7.28 (m, 3H), 7.25
—7.18 (m, 2H), 5.30 (s, 1H), 5.13 = 5.07 (m, 1H), 5.05 — 4.99 (m, 1H), 4.92 (td, J = 10.8, 4.4 Hz, 1H),
3.78 (dd, J=8.7,3.8 Hz, 1H), 2.38 —2.28 (m, 1H), 2.15 - 2.07 (m, 1H), 2.03 — 1.91 (m, 3H), 1.77 — 1.67
(m, 2H), 1.60 — 1.50 (m, 5H), 1.32 (s, 9H), 0.92 (dd, J = 6.8, 4.0 Hz, 6H), 0.85 (s, 6H), 0.79 (d, /= 6.9
Hz, 3H).
3C NMR (101 MHz, CDCl;) & 173.8, 173.8, 172.4, 165.7, 145.4, 145.4, 135.4, 129.9, 129.7, 128 .4,
128.2,128.0, 127.8, 74.8, 66.9, 50.9, 47.6,47.2, 44.5,44.5, 40.9, 37.3, 34.2, 33.2, 32.5,31.4, 28.7, 26.9,
26.9,26.8,26.4,23.6,22.0,20.7, 16.5.
HRMS (ESI) m/z: [M + H]" Calcd for C37Hs4NOs" 592.3997; found 592.3973.

f
BU\N "IO

H 0
0% NoBn ﬁ'

((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5SH-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-
yD)methyl 4-(1-(benzyloxy)-7-(tert-butylamino)-4,4-dimethyl-1,7-dioxoheptan-2-yl)benzoate (6q)
Colorless oil, yield: 52%, 72.4 mg, dr = 1:1

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 3:1)

'H NMR (400 MHz, CDCl5) & 7.98 (d, J = 8.3 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.34 — 7.28 (m, 3H),
7.24 —7.19 (m, 2H), 5.56 (d, J= 4.9 Hz, 1H), 5.27 (s, 1H), 5.09 (d, J=12.3 Hz, 1H), 5.03 (d, J=12.3
Hz, 1H), 4.66 (dd, J=17.9, 2.5 Hz, 1H), 4.54 — 4.48 (m, 1H), 4.47 — 4.39 (m, 1H), 4.37 — 4.30 (m, 2H),
4.22 —4.15 (m, 1H), 3.77 (dd, J= 8.9, 3.8 Hz, 1H), 2.39 —2.29 (m, 1H), 2.09 — 1.92 (m, 2H), 1.58 — 1.50
(m, 6H), 1.48 (s, 3H), 1.36 (s, 3H), 1.35 — 1.31 (m, 12H), 0.84 (s, 6H).

3C NMR (101 MHz, CDCl3) & 173.8, 172.4, 166.0, 145.7, 135.4, 130.1, 128.9, 128.4, 128.2, 128.0,
127.9, 109.6, 108.7,96.3, 71.1, 70.7, 70.5, 66.9, 66.1, 66.1, 63.8, 63.8, 51.0, 47.7, 44.5,37.3, 33.3, 32.5,
28.7,26.9, 26.8,26.0, 25.9, 24.9, 24 4.

HRMS (ESI) m/z: [M + Na]" Calcd for C390Hs3sNOjoNa* 718.3562; found 718.3534.
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Bu.

methyl (E)-4-(6-(tert-butylamino)-3,3-dimethyl-6-oxo-1-phenylhex-1-en-1-yl)benzoate (8a)

White solid (m. p. 106-108 °C), yield: 62%, 50.5 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)

"H NMR (400 MHz, CDCl5) & 7.88 (d, J = 8.5 Hz, 2H), 7.38 — 7.30 (m, 3H), 7.24 — 7.20 (m, 2H), 7.19
—7.13 (m, 2H), 6.07 (s, 1H), 5.25 (s, 1H), 3.88 (s, 3H), 2.16 — 2.06 (m, 2H), 1.69 — 1.60 (m, 2H), 1.31
(s, 9H), 0.92 (s, 6H).

13C NMR (101 MHz, CDCl;) § 172.4, 166.9, 148.2, 140.0, 139.7, 139.6, 130.0, 129.3, 128.2, 128.0,
127.2,126.7,52.0, 51.0, 39.7, 37.0, 33.6, 28.8, 28.7.

HRMS (ESI) m/z: [M + H]" Calcd for C2sH34NO3" 408.2533; found 408.2518.

CO,Me

OMe

methyl (Z)-4-(6-(tert-butylamino)-1-(4-methoxyphenyl)-3,3-dimethyl-6-oxohex-1-en-1-yl)benzoate
(8b)

Colorless oil, yield: 66%, 57.8 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)

'H NMR (400 MHz, CDCl3) & 7.88 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 8.3 Hz, 2H), 7.08 (d, J = 8.5 Hz,
2H), 6.89 (d, J= 8.3 Hz, 2H), 6.05 (s, 1H), 5.25 (s, 1H), 3.88 (s, 3H), 3.83 (s, 3H), 2.16 — 2.06 (m, 2H),
1.69 — 1.60 (m, 2H), 1.31 (s, 9H), 0.93 (s, 6H).

3C NMR (151 MHz, CDCl3) § 172.4, 166.9, 158.7, 148.7, 140.1, 139.3, 131.8, 131.1, 129.2, 128.1,
126.7,113.4,55.1, 51.9, 50.9, 39.7, 36.9, 33.5, 28.8, 28.7.

HRMS (ESI) m/z: [M + H]" Calcd for Co7H36NO4" 438.2639; found 438.2622.

CO,Me

Bu.

methyl (E)-4-(6-(tert-butylamino)-3,3-dimethyl-6-oxo-1-(p-tolyl)hex-1-en-1-yl)benzoate (8c)
Colorless oil, yield: 63%, 53.1 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)

'H NMR (400 MHz, CDCl3) & 7.88 (d, J = 8.5 Hz, 2H), 7.22 (d, J = 8.5 Hz, 2H), 7.16 (d, J = 7.7 Hz,
2H), 7.05 (d, J = 8.0 Hz, 2H), 6.04 (s, 1H), 5.22 (s, 1H), 3.88 (s, 3H), 2.38 (s, 3H), 2.14 — 2.06 (m, 2H),
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1.67 — 1.58 (m, 2H), 1.31 (s, 9H), 0.93 (s, 6H).

13C NMR (101 MHz, CDCL) & 172.5, 166.9, 148.5, 139.9, 139.7, 136.8, 136.7, 129.9, 129.3, 128.7,
128.1, 126.7, 51.9, 51.0, 39.6, 36.9, 33.6, 28.9, 28.7, 21.2.

HRMS (ESI) m/z: [M + H]* Caled for Co7H3sNOs* 422.2690; found 422.2675.

CO,Me

Bu.

methyl (£)-4-(6-(tert-butylamino)-3,3-dimethyl-6-oxo-1-(m-tolyl)hex-1-en-1-yl)benzoate (8d)
Colorless oil, yield: 67%, 56.5 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)

'H NMR (400 MHz, CDCl3) 6 7.88 (d, J = 8.5 Hz, 2H), 7.26 — 7.21 (m, 3H), 7.15 — 7.09 (m, 1H), 7.02
—6.90 (m, 2H), 6.04 (s, 1H), 5.23 (s, 1H), 3.88 (s, 3H), 2.35 (s, 3H), 2.15 — 2.06 (m, 2H), 1.69 — 1.59 (m,
2H), 1.32 (s, 9H), 0.92 (s, 6H).

13C NMR (101 MHz, CDCl;) § 172.4, 166.9, 148.4, 139.8, 139.8, 139.6, 137.5, 130.7, 129.3, 128.1,
127.9,127.8,127.1, 126.7, 51.9, 51.0, 39.8, 37.0, 33.6, 28.8, 28.7, 21 4.

HRMS (ESI) m/z: [M + H]" Calcd for C27H36NO3" 422.2690; found 422.2674.

CO,Me

Bu.

methyl (£)-4-(6-(tert-butylamino)-3,3-dimethyl-6-0x0-1-(o-tolyl)hex-1-en-1-yl)benzoate (8e)
Colorless oil, yield: 67%, 56.5 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)

'H NMR (600 MHz, CDCl3) 6 7.88 (d, J = 8.3 Hz, 2H), 7.27 — 7.20 (m, 4H), 7.19 — 7.14 (m, 2H), 6.12
(s, 1H), 5.30 (s, 1H), 3.88 (s, 3H), 2.17 — 2.08 (m, 2H), 2.03 (s, 3H), 1.76 — 1.69 (m, 1H), 1.68 — 1.62 (m,
1H), 1.33 (s, 9H), 0.88 (s, 3H), 0.84 (s, 3H).

3C NMR (151 MHz, CDCl3) § 172.3, 166.9, 147.2, 139.9, 138.8, 138.7, 136.3, 130.6, 130.1, 129.4,
128.2, 127.6, 126.3, 125.1, 51.9, 51.0, 40.4, 37.1, 33.5, 28.7, 27.8, 27.5, 19.9.

HRMS (ESI) m/z: [M + H]" Calcd for C27H36NOs" 422.2690; found 422.2675.

CO,Me

F

methyl  (Z£)-4-(6-(tert-butylamino)-1-(4-fluorophenyl)-3,3-dimethyl-6-oxohex-1-en-1-yl)benzoate
(8f)
Colorless oil, yield: 66%, 56.2 mg
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Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)

"H NMR (400 MHz, CDCl3) 6 7.89 (d, J = 8.5 Hz, 2H), 7.23 — 7.18 (m, 2H), 7.14 (dd, J = 8.5, 5.6 Hz,
2H), 7.09 — 7.00 (m, 2H), 6.09 (s, 1H), 5.25 (s, 1H), 3.88 (s, 3H), 2.14 — 2.06 (m, 2H), 1.71 — 1.62 (m,
2H), 1.32 (s, 9H), 0.91 (s, 6H).

BC NMR (151 MHz, CDCl3) & 172.2, 166.8, 162.0 (d, J = 246.7 Hz), 148.0, 140.6, 138.6, 135.5 (d, J =
3.6 Hz), 131.6 (d, J = 7.8 Hz), 129.4, 128 4, 126.7, 115.0 (d, J = 21.3 Hz), 52.0, 51.0, 39.9, 37.0, 33 .4,
28.7,28.7.

F NMR (565 MHz, CDCl3) § -114.8 — -114.9 (m, 1F).

HRMS (ESI) m/z: [M + H]" Calcd for C2sH33FNOs* 426.2439; found 426.2423.

CO,Me

methyl  (E)-4-(6-(tert-butylamino)-1-(4-cyanophenyl)-3,3-dimethyl-6-oxohex-1-en-1-yl)benzoate
8g)

Colorless oil, yield: 33%, 28.6 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)

'H NMR (400 MHz, CDCl3) § 7.90 (d, J = 8.5 Hz, 2H), 7.67 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 Hz,
2H), 7.16 (d, J = 8.6 Hz, 2H), 6.13 (s, 1H), 5.26 (s, 1H), 3.89 (s, 3H), 2.15 — 2.07 (m, 2H), 1.71 — 1.64
(m, 2H), 1.33 (s, 9H), 0.89 (s, 6H).

BC NMR (151 MHz, CDCl3) § 171.9, 166.7, 146.9, 145.1, 141.3, 138.1, 131.8, 130.9, 129.5, 128.8,
126.7, 118.6, 111.3, 52.1, 51.1, 40.0, 37.1, 33.3, 28.8, 28.6.

HRMS (ESI) m/z: [M + H]" Calcd for C»7H33N205" 433.2486; found 433.2470.

CO,Me
i ¢
t
Bu\N X
H

methyl (Z)-4-(6-(tert-butylamino)-3,3-dimethyl-1-(naphthalen-1-yl)-6-oxohex-1-en-1-yl)benzoate
(8h)

Deep red oil, yield: 58%, 53.1 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)

'H NMR (400 MHz, CDCl5) & 7.85 (d, J = 8.5 Hz, 4H), 7.71 (d, J = 8.3 Hz, 1H), 7.53 — 7.47 (m, 1H),
7.45 —7.33 (m, 3H), 7.31 — 7.24 (m, 2H), 6.37 (s, 1H), 5.14 (s, 1H), 3.84 (s, 3H), 2.17 — 2.01 (m, 2H),
1.74 - 1.55 (m, 2H), 1.29 (s, 9H), 0.78 (s, 6H).

3C NMR (101 MHz, CDCl3) & 172.3, 166.8, 147.7, 141.9, 137.5, 136.9, 133.6, 132.4, 129.5, 128.3,
128.3, 128.0, 127.9, 126.2, 126.2, 126.1, 125.8, 125.0, 51.9, 51.0, 40.0, 37.3, 33.6, 28.7, 27.8, 27.8.
HRMS (ESI) m/z: [M + H]" Calcd for C30H3¢NOs" 458.2690; found 458.2673.
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Bu.

methyl (Z)-4-(6-(tert-butylamino)-3,3-dimethyl-1-(naphthalen-2-yl)-6-oxohex-1-en-1-yl)benzoate
(8i)

Colorless oil, yield: 68%, 62.2 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)

'"H NMR (400 MHz, CDCl3) & 7.91 — 7.80 (m, 5H), 7.68 (s, 1H), 7.53 — 7.47 (m, 2H), 7.29 — 7.22 (m,
3H), 6.16 (s, 1H), 5.20 (s, 1H), 3.86 (s, 3H), 2.17 — 2.09 (m, 2H), 1.70 — 1.61 (m, 2H), 1.27 (s, 9H), 0.93
(s, 6H).

3C NMR (101 MHz, CDCl5) § 172.3, 166.9, 148.2, 140.4, 139.6, 137.2, 132.8, 132.4, 129.3, 128.8,
128.3,128.2,127.9,127.7, 127.6, 126.9, 126.3, 126.0, 51.9, 50.9, 39.8, 37.1, 33.5, 28.9, 28.7.

HRMS (ESI) m/z: [M + H]" Calcd for C30H3sNOs" 458.2690; found 458.2673.

CO,Me

o 2

¢

Bu\N X
H

7S
methyl (£)-4-(6-(tert-butylamino)-3,3-dimethyl-6-oxo-1-(thiophen-2-yl)hex-1-en-1-yl)benzoate (8j)
Colorless oil, yield: 48%, 39.7 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'"H NMR (400 MHz, CDCl3) § 7.91 (d, J = 8.5 Hz, 2H), 7.35 (dd, J= 5.2, 1.2 Hz, 1H), 7.32 — 7.24 (m,
2H), 7.08 — 7.01 (m, 1H), 6.98 — 6.91 (m, 1H), 6.18 (s, 1H), 5.25 (s, 1H), 3.89 (s, 3H), 2.17 — 2.06 (m,
2H), 1.74 — 1.64 (m, 2H), 1.32 (s, 9H), 1.03 (s, 6H).
3C NMR (101 MHz, CDCl3) & 172.3, 166.9, 148.0, 144.2, 139.9, 132.5, 129.4, 128.6, 128.5, 126.6,
126.5,126.1, 52.0, 51.0, 39.4, 37.3, 33.6, 28.8, 28 4.
HRMS (ESI) m/z: [M + H]" Calcd for C24H3:NO3S* 414.2097; found 414.2083.

CO,M
0 2Me

t
Bu\N S
H
AN

\

S
methyl (Z)-4-(6-(tert-butylamino)-3,3-dimethyl-6-0xo-1-(thiophen-3-yl)hex-1-en-1-yl)benzoate (8k)
Colorless oil, yield: 63%, 52.1 mg
Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 4:1)
'H NMR (400 MHz, CDCl3) & 7.89 (d, J = 8.4 Hz, 2H), 7.33 (dd, J = 4.8, 3.0 Hz, 1H), 7.23 (d, J= 8.4
Hz, 2H), 7.14 — 7.10 (m, 1H), 6.91 — 6.84 (m, 1H), 6.12 (s, 1H), 5.24 (s, 1H), 3.89 (s, 3H), 2.16 — 2.05
(m, 2H), 1.72 — 1.61 (m, 2H), 1.32 (s, 9H), 0.96 (s, 6H).
3C NMR (101 MHz, CDCl3) § 172.4, 166.9, 147.7, 141.6, 139.1, 134.7, 129.6, 129.3, 128.3, 126.5,
125.2,123.9, 52.0, 51.0, 39.5, 36.9, 33.5, 28.8, 28.6.
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HRMS (ESI) m/z: [M + H]* Caled for Co4H3,NO5S* 414.2097; found 414.2082.
CO,Et

Bu.

ethyl (E)-4-(6-(tert-butylamino)-3,3-dimethyl-6-oxo-1-phenylhex-1-en-1-yl)benzoate (8l)

Colorless oil, yield: 52%, 43.8 mg

Purified by flash column chromatography through silica gel (petroleum ether/ethyl acetate = 5:1)

!H NMR (400 MHz, CDCls) & 7.89 (d, J = 8.3 Hz, 2H), 7.39 — 7.31 (m, 3H), 7.24 — 7.16 (m, 4H), 6.06
(s, 1H), 5.23 (s, 1H), 4.34 (q, J = 7.1 Hz, 2H), 2.15 — 2.06 (m, 2H), 1.68 — 1.58 (m, 2H), 1.36 (t, J = 7.1
Hz, 3H), 1.32 (s, 9H), 0.92 (s, 6H).

13C NMR (101 MHz, CDCls) & 172.4, 166.4, 148.2, 139.9, 139.7, 139.7, 130.0, 129.3, 128.6, 128.0,
127.2,126.7, 60.8, 51.0, 39.7, 37.0, 33.5, 28.8, 28.7, 14.3.

HRMS (ESI) m/z: [M + H]* Calcd for C27H3sNO3* 422.2690; found 422.2695.
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6. NMR Spectroscopic Data

H NMR (600 MHz, CDCL) of 4a
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'H NMR (600 MHz, CDCl;) of 4b
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'H NMR (600 MHz, CDCl;) of 4¢

0480

L8O
1
g6l
50T
528
L
i ﬁ
1
zes
sgg
685
s
0ss’
655
=
896"
LiG
786"
86
£66°
00071
0107
07 ]
85021
90T
0L0°T
§L0°T
080T
6%0°C
662
FIET
77T
LEET
LoL'S
€lLe
TTLE
87LE
106"
N0
SH0F
60
090 %
§90'%
L0
PR0'F
Plly
0Z1 %
AR
9zZ1 %
AR
Q€L 'y
Pl b
LOb'S
S0€°L
LGE'L
P
296°L ]

[£38

81§
s

€

H
19
&
L

L1

1
L4

786°L

CHy

CHs

A
NH
HC

CHs

HaC

4c

CH;

=009
86T
€06
FZl'E

ot
Azt
801

=101
L6T

ﬂcc.—

£l

860

=007

=Z6'l

0.0

1.0 05

L5

3.0

3.5

6.0 55 5.0 45 4.0
f1 (ppm)

6.5

8.0

85

3C NMR (151 MHz, CDCI;) of 4¢

BREL—

89z
0692
92987
GrTEF
1zeg
e
8¢ by
0L
98 ,cm%
915
8609—

GLOL
oo,hhv
lTLL

SLLTL
GR'8T —W
ERGTL

8RCFL—
R8OG|~

IPTLLA
SGELL—

4c

CHy

-10

200 190 180 170 160 150 140 130 0 110 100 90 80 70 60 50 40 30
f1 (ppm)

210

S39



IH NMR (600 MHz, CDCL;) of 4d
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IH NMR (600 MHz, CDCl;) of 4e
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'H NMR (600 MHz, CDCL) of 4f
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IH NMR (600 MHz, CDCL;) of 4g
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H NMR (600 MHz, CDCL;) of 4h
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H NMR (600 MHz, (CD:),SO) of 4i
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'H NMR (600 MHz, CDCL) of 4j
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IH NMR (600 MHz, CDCl;) of 4k
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13C NMR (151 MHz, CDCL) of 4k
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13C NMR (151 MHz, CDCL) of 41
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13C NMR (151 MHz, CDCL) of 5a
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13C NMR (151 MHz, CDCL) of 5b
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13C NMR (151 MHz, CDCL) of 5¢
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13C NMR (151 MHz, CDCL) of 5d
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13C NMR (151 MHz, CDCL) of 5e
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13C NMR (151 MHz, CDCL) of 5f
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13C NMR (151 MHz, CDCL) of 5g
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13C NMR (151 MHz, CDCL) of 5h

ML YL
oz
£6'9C
0T
0532
582
oEE
TLse
62 6¢1
007
9%6'E
(TS
wiry
1§°Lt
0s'18
PSS
028
v 25
RIS

9899
LO°La
6L9L

00°'LL
12'LL
LS €T
19°€Z1
6LLTL
LRLTL
70871
F0'RT L
SIRTL
18T L
GE'RTL
#8714
TR6T L
£6°6T1
£FLEL
TSI
91FEL
FEFEL

Q6L
9g'sk1

Foua L
SL991
0189l
LS9 L
97891

LTRIL
0seLl

99°¢Ll

CHz

5h

..

|

J'l

i

-10

110 100 9 80 70 60 50 40 30
f1 (ppm)

120

200 190 180 170 160 150 140

210

'H NMR (400 MHz, CDCl;) of 5i

000'0—

99T
1697
LOLT
LTLT

f
y
7

65LE
098¢
R98'E
988'E
POR'E
£l6'e

91089
ctc,wW
980°S
h:,m\\

Tig9—
6RLL
Sal'L
SO 'L
wITL
69T 'L F
06Z'L
96T 'L
ToE'L
0leL
cleL
9REL
LOv 'L
0Ll
L66'L

w L)

1

.U'U‘L

_

=109
=206

=00l

60

Fue

Feae

Falz

Fgan

el
— g
fooz

=16l

0.0

1.0 05

L5

3.0

3.5

75 70 65 60 55 50 45 40
f1 (ppm)

8.0

85

S57



13C NMR (151 MHz, CDCL) of 5i
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13C NMR (151 MHz, CDCL) of 5j
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13C NMR (101 MHz, CDCL) of 5k
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13C NMR (101 MHz, CDCL) of 5k’
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13C NMR (151 MHz, CDCL) of 6a
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13C NMR (151 MHz, CDCL) of 6b
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13C NMR (151 MHz, CDCL) of 6¢
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13C NMR (151 MHz, CDCL) of 6d
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1F NMR (376 MHz, CDCl;) of 6e
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'H NMR (600 MHz, CDCL) of 6f
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13C NMR (151 MHz, CDCL) of 6f
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13C NMR (151 MHz, CDCL) of 6g
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13C NMR (151 MHz, CDCL) of 6h
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13C NMR (151 MHz, CDCL) of 6i
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13C NMR (151 MHz, CDCL) of 6]

6092
€897
zLRTs
cvmm%
szee
e
091,
0 er s
€608

BR99—

GLOL
oo,hhv
1Tl

£LLTL
£0'8T L
BLRTL
0T8T
L#'8T L
16'6T 1
ruel
LETEL
SESEL
£E9EL
L LEL
£lsrl

BETLL~
GLELLY

Trosl—

-10

200 190 180 170 160 150 140 130 0 110 100 90 80 70 60 50 40 30
f1 (ppm)

210

"H NMR (600 MHz, CDCl3) of 6k

000°0-
mvx.c/
el
6ES'L
el
LrS'L
0Sg'L
PeeTl
65871
L9gL
0LS"1
L
L
L
L
L
L

[y
i —

LLS
096"

1LG"

sLe’

6"

886"

966'1
0002
Z10Z
6T0Z
10z
H0'Z
£60'7
L50°Z
0
0Lz
§EET
6v€°Z
8567
£LET
S6L€
FOS'E
£18'g
e
zE0's
£50°S
160°S
s
wres
sozcf
7L
61Z7L
2T L
Lz L
PRTL
98TL
167°L
PETL
00€'L
WEL
£0E°L
18b'L
PobL
£08°L

tx.h\

LLG'G

cHy @
HEC% o
NH
HaC

CHy

HaC

6k

00l
P60
60

|
ﬂL il

] Moo.m
| et
—d e

— =96

=
(=]
'
o
<
=
"
-
o
=]
'
(=}
<
o
0
o
o
-t
h
Al
S
g N
& n

e
wy
<
o
Wy
]
<
-
i
-~
<
L]
Wy
o
<
(=)
'
(=2}
o
(=]
=2
b
<
=



13C NMR (151 MHz, CDCL) of 6k
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13C NMR (151 MHz, CDCL) of 61
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15F NMR (565 MHz, CDCL;) of 6m
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'H NMR (600 MHz, CDCL;) of 6n
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'H NMR (600 MHz, CDCl;) of 60
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'H NMR (400 MHz, CDCl;) of 6p
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'H NMR (400 MHz, CDCL;) of 6q
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'H NMR (400 MHz, CDCL;) of 8a
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'H NMR (400 MHz, CDCl;) of 8b
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IH NMR (400 MHz, CDCl;) of 8¢
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'H NMR (400 MHz, CDCL;) of 8d
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IH NMR (600 MHz, CDCl;) of 8e
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'H NMR (400 MHz, CDCL) of 8f
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13C NMR (151 MHz, CDCL) of 8f
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13C NMR (151 MHz, CDCL) of 8g
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13C NMR (101 MHz, CDCL) of 8h
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13C NMR (101 MHz, CDCL) of 8i
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13C NMR (101 MHz, CDCL) of 8j
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13C NMR (101 MHz, CDCL) of 8k
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13C NMR (101 MHz, CDCL) of 81
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