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1. General methods

Common reagents and materials were purchased from commercial sources and
purified by recrystallization or distillation. Melting points were determined in open
capillaries and were uncorrected. IR spectra were taken on a FT-IR-Tensor 27
spectrometer in KBr pellets and reported in cm™!. 'TH NMR spectra were measured on a
Bruker DPX 400 MHz spectrometer in CDCI; with chemical shift () given in ppm

relative to TMS as internal standard. High resolution mass spectra (HRMS) were

obtained on a micrOTOF-QII HRMS/MS instrument (Bruker) with the technique of
electrospray ionization. The optically active Morita-Baylis-Hillman carbonate 2d were

prepared according to reported procedures.!

2. Experimental section

2.1 Typical procedure for the allylation reaction of 3 or 4.

o
RWJKN/N\VCOOB

DABCO (20% mol) J\H/COOB
- @@ s R
OBoc DCM, 25°C

o
RAKN/N\VCOOB R COOEt 3
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Y
_Ns. _COOEt
fBUOK (20% mol) R~ N7 7

1 2 - COOEt
THF, 40°C |

R2
4

An oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar was charged
with N-Acylhydrazones 1 (0.15 mmol,), MBH carbonates 2 (0.15 mmol), DABCO
(0.03 mmol, 3.4 mg) or ‘BuOK (0.03 mmol, 3.4 mg). Freshly distilled DCM (3 mL) or
THF (3 mL) was added into the mixture with a syringe. The mixture was stirred at
corresponding temperature until completion (monitored by TLC). The solvent was
removed under reduced pressure and the resulted crude residue was purified by column
chromatography (silicagel, mixtures of petroleum ether/ethyl acetate, 5:1-15:1, v/v) to
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afford the desired product 3 or 4.

2.2 Typical procedure for the preparations of 11 and 12.

0 o
_Ns._ COOEt
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COOEt > COOEt
Ph Ph
THF, 0 °C, 20 min

3a 11: 71% yield

Ph
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Ph Ph

Ph

4a 12: 75% yield

Under N, atmosphere, an oven-dried 10 mL Schlenk tube equipped with a
magnetic stir bar was charged with 3a or 4a (0.5 mmol, 204 mg). Freshly distilled
THF (4 mL) was added into the tube. The mixture was stirred at 0 °C. Diluted
Grignard reagent MeMgBr (3.0 eq., 1.5 mL, 0.5 mol/L in THF) was then added
dropwise and stirred for 10-20 min. The mixture was stirred at 0 °C until 3a or
4a disappeared, as monitored by TLC. Reaction was quenched with saturated
ammonium chloride. The aqueous phase were extracted by methylene chloride,
dehydrated by anhydrous sodium sulfate. After removal of the solvent under
reduced pressure, the resulted crude residue was purified by column
chromatography (silicagel, mixtures of petroleum ether/ethyl acetate, 7:1, v/v) to

afford the desired product 11 or 12.

2.3 The optically active Morita-Baylis-Hillman carbonate 2d

OH
D./ OH O OBocO
0
~o \ o> o™
Hko/\ \ O(Boc),, DMAP
_— _ =
cl ol cl cl
s1 s2

dioxane:H,0O DCM, 0 °C
(1:1) S3, 11% ee 2d, 1% ee

To a cold (0 °C) solution of aldehyde S1(1 mmol) in 1,4-dioxane:water (2 mL; 1 :



1, v/v) were added N-methylprolinol (0.5 mmol) and activated alkene S2 (3 mmol)
and the mixture was stirred for 24 h at the same temperature. After completion of the
reaction (by TLC), the reaction mixture was partitioned with diethyl ether (2x50 mL)
and water (1x60 mL). The organic phase was washed with brine (2x50 mL), dried
(Na,SO,) and evaporated under reduced pressure. The residue was purified by column
chromatography (silicagel, mixtures of petroleum ether/ethyl acetate, 7:1, v/v) to
afford product S3.

Then, alcohol S2 were converted to the corresponding carbonate 3b: alcohol S3
(1.0 eq., 1.0 mmol) and O(Boc), (1.1 eq., 1.1 mmol) were dissolved in DCM (2.0 mL)
and the solution was cooled to 0 °C. Afterward, DMAP (0.10 eq., 0.10 mmol) was
added and the reaction mixture stirred at room temperature for 12 h. After 12 h, the
reaction mixture was diluted with CH,Cl,. The combined organic phase was washed
with 4 N aq. HCI solution, saturated aq. NaHCO; and brine. The organic layer, dried
over anhydrous Na,SO,, filtered and vacuum at rotary evaporator to obtain an oil. The
crude product was purified by chromatography (silicagel, mixtures of petroleum

ether/ethyl acetate, 7:1, v/v) to afford 2d.

3. Mechanism study

3.1 Kinetic profile experiment between 3a and 4a

CO,Et o 0
N OBoc DABCO )L N COE ph)J\N/Ns/COZEt
\ Co,Et (20mol%) Ph™ NN
oL N ¢ 2 CO,Et
Ph COEt  +
Y CDCl, 25°C  ppy ‘
Ph
Ph
1a 2a 3a 4a

An NMR sample tube was charged with N-Acylhydrazones 1a (0.15 mmol,
33.1 mg), MBH carbonates 2a (0.15 mmol, 46.0 mg), DABCO (0.03 mmol, 3.4

mg). CDCIl; (3 mL) was added into the mixture. Shake the mixture well. We used
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Mesitylene as the internal standard and NMR to monitor the reaction in real time.

Entry time(min) 2a(%) 3a(%) 4a(%)
1 0 100 0 0
2 5 96 2 0
3 36 85 10 0
4 62 80 19 0
5 133 58 41 0
6 203 35 63 0
7 270 20 79 0
8 338 11 89 0

B 2a
100 { m ® 3a
- e 7F 4a
S e
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- \\\l s e
%,
Yield (%) 1 b4
AN
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Figure S1. Kinetic reaction profile between 3a and 4a

3.2 The relationship between the optical activity of reactants and products

o
BocOQ, COOEt
COOEt )ﬁ _Ny,_COOEt
—/ Ph N
0, N DABCO (20% mol)
»NH + - COOEt
Ph DCM, 25°C, 16 h
cl cl
1a 2d, 11% ee 3d, 0% ee

An oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar was charged

with N-Acylhydrazones 1a (0.15 mmol, 33 mg), MBH carbonates 2d (0.15 mmol, 51
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mg), DABCO (0.03 mmol, 3.4 mg). Freshly distilled DCM (3 mL) was introduced into
the mixture with a syringe. The reaction system was stirred at corresponding
temperature until completion (monitored by TLC). After removal of the solvent under
reduced pressure, the resulted crude residue was purified by column chromatography
(silicagel, mixtures of petroleum ether/ethyl acetate, 7:1, v/v) to afford the racemic

product 3d.

3.3 Cross-over experiments

) cl

0 0 0
@LN,NVCOQEQ @)LN,chozEt DABCO WN,NVCOZEt WN’NVCOZH
.

B CO,Et Et *
oy ¥ oM.t 201 co, COEt
\O ~

0]

3a 3n 3k 3c
no reaction

A mixture of isolated products 3a (0.15 mmol), 3n (0.15 mmol), DABCO (0.03
mmol, 3.4 mg) was added into an oven-dried 10 mL Schlenk tube equipped with a
magnetic stir bar. Then freshly distilled DCM (3 mL) was input into the reaction system
with a syringe. The mixture was stirred at corresponding temperature to observe the

product equilibration (monitored by TLC).

o o) o) 9

NS COEt O N COzE t cl N COGEt @)LN,NVCOZH
COEt COE BuOK COEt . ‘ COgE
| | THF, 40°C, 20 h |
4a 4m 4j 4c

no reaction

An oven-dried 10 mL Schlenk tube equipped with a magnetic stir bar was charged
with isolated products 4a (0.15 mmol), 4m (0.15 mmol), ‘BuOK (0.03 mmol, 3.4 mg).
Freshly distilled THF (3 mL) was added into the mixture with a syringe. The mixture
was stirred at corresponding temperature and the product equilibration was monitored

by TLC.
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5. Copies of 'H and '*C NMR spectra of products

3a

0000—

[AUAS
L0271
0zt
gez'l
jeior
4 A

om_‘.v
ssw
9Lk
661 v
FAYA S
SEZY

¥65'S—

595°9~
aLL9—
el
EN.L
LOE" 2
oLe'L
226"
£5e°]
z.8L]
z8eL
00¥'2
0zv'L
09v'L
8ly'L
96v°L
V6L

oL

=809

=20k

00—

vl
(343

19
: EN

g9,
r.hhw
viL

)

S22l
L'8EL
[4:14%
(T4
3145
oogl
L0€L
¥iel
L'EEL
LveEl
oLEL

L'E9L—
9oL
L~

T T T
a0 20 10

T
40

T T T T T T
160 150 140 130 120 110 100 90 80 70 G0
f1 (ppm}

T
170




3b

000°0-—

9021
oLe’L
vee'l
12T
[47A1
SvZ'L
[44:N1

8EET—

6CLy
Lvl'y
LY
9Ll'y
L8LY
L4
(4344
0€Z'y

685°G—

=609

=10€

€0°C
£ lo'e

=10}

~20'}
500'L

0y
Zes0
=02
Mot

6Lt
Tooz

00—

ovl
F.ﬁN
Lie—

09
N._.mv
vi9

glel
08zl
9821
L8621
6'6C)
L'0EL
gL
SleL
L'EEL
LLEL
0'8el

L€9L—
16917
€L~

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

T
200




3c

0000—

S0¢T'L
A
€2l
2
oreL
6¥C'L
yroL—

08¢
SELY
€Sk'y
Ly
6Ly
oL
L2TY

185°6—

9259
199
0889
106'9
80ZL
6221
65ZL
BLEL
86€L
oy 1
85 L
9L
ot L
8.4°L
1611

60’9

=00'€
Fioy

=00'L

20'L
86'0
=002
Mmo.w
86°0
Lo'e
00'L
96°L

00—

oyl
_..vvv.

€55
ndm/
N.—wv.
¢,vw

8°9L
LiL
viL

epLl—
goZL
Ay
9’821
S'6ZL~
6'62L
L'0gL
vieL
L'EeL
vLiEL

€651
1’9l —
L5917
€Lil~

o

120

T

180

190

100
1 (ppm)

110

160 150 140 130

170

200

10



3d

0000—

cieL
ace’L
0ET’L
ove'L
el
85¢’L
8.9'L—

ISP
691
98l'y
00z
8l
SETY

6L96—

61579~
52997
0ET'L
Nmu.h/
XA
18¢°L

€0¥'L
@erL
89¥'L
98¥'L
S06°L
69272
88L°L

=109

e0'y

=00'L

L0°L
w\mwm.c

sloe
20T
820z
Z0't
»mme

00—

orl
F.vrv

109
v._.mW
w.-w

8'9L
ViL
¥iL

9Lzl
¢6elL
€62l
9621
20eL—
9'0EL
9lEL
vEelL

67291~
7'g91<
Thib~

T
90

110

T
140

T
160

0

T
190

T
200

1 (ppm)

11



3e

0000—

€611
el
82T’
8€TL
95¢’L
vieL

0Ly
6.LY
81F
%L
S0C'Y
ey
€y
LETY

919'6—

90¥'9~
7448
981,

1617
S0C'L
602°L
e
0ee’L
6vE'L
GoE°L
€8¢,
co¥'L
1S¥'L
0L¥'L
9LG° L
9€S°L
19972
0852
88.L°L
082

L0'E
wmwo.m

220y

=00'}

=86'0
=00}
66'L
€0'L
20¢
Lo'L
00'L
00°L
96°L

Lyl
4]

S19
S'19
919

89,
TLL
SLL

L'vel
9'/2L
L2l
s'8clL
6'821
L'oglL
oLgL
€lel
LIl
ceel
G'Eel
9veEl
el

€9l —
£6oL 7
T~

120

150

T

180

100
1 (ppm)

110

130

140

160

170

190

200

12



3f

&

0—

2RERIRT

08lL'F
P

0Z'y
BGZT'¥

95k
viZ'F

LBE'S—

ar'9—
#65'0—

DL
08l L
oBLL

002 2
02E" 1
862
ore L
158
0.E2
68E'L
oty L
'L
Tiv's

S4L

=09

1A
MPQN

=0

T
1.5

T
oo

f1 (ppa)

Vel—

G5
g9
méww

oL
VEE
GLL

ZGEL
YA
gezlL
LBZL
#ecl
BOEL
0LEk
SIEL
LEEL
LPEL
woEL

Zeel—
zgaLs
oL~

T T T T T
140 130 120 10 100
f1 (ppa)

T
150

13



3g

0000—

vEL'L
csLL
69171
€ETL
wmm._.W
6921
889'L—

€L2C—

190'%
6.0t
160
4304
iy
6Ly
10T'v
8L’y
SeTY
6¥Z't
192
9P
6Ty
9886 —

GEG9—
WL 9—
9LL'L
¥6LL
LneL
1ST'L
092,
WL
S62°L
SleL
€e€°L
peeL
06€°L
Siv'L

Jt L;

»66'C
*90°€

Fese

=00'}

=10k
Foso
00T
€0y
16°€

0.0

0.5

[ e
<

00—

6°€l
F.SW
L6

0'selL
vzl
L'8cl
T4
9'821
0'6el-f
62l
00EL
0'selL
€G6EL
9'gel
glel

6291~
9'69L—

ceLl—

190 180 170 160 150 140 130 120 110 100
1 (ppm)

200

14



3h

0000—

90¢'L
el
veeL
82e’L
el
el
Sl9'L—

18€¢—

SELy
€51y
LV
8Ly
00z
8l
9T

065°5—

6559~
0LL9—
L1Z'L
6.2°L
€627,
90€°L
€2EL
0s€’L
89¢°L
G8E'L
04572
08S°L
109°L

u =50'9

=80€

e F80°F

—_— =10l

=20'L
=00'L

60'9
802
g0

00—

oyl
o.ﬁv.
£e—

909
N.EW
v.vw

h.m...
n..t.v
viL

vigh
8.2l
182l
78zl
6821
062
zoeLf
LLEL
12gl
9gegl
8vEl
0281
8l

1'€9L—
96917
Slil~

T T
120 110 100
1 (ppm)

T
130

T
140

T T
170 160

T
180

15



000°0-—

oLe’L
el
8¢l
LET'L
STl
6¥C' 1
891 —

GL8'E
14454
09L'y
LLVY
8Ly
961y
[ 4
ocey
8€TY

186°6—
1959
1899
SLO0L
LeoL
9€0'L
L0’
SLTL
wmw.\.W
90€°L
LeeL
6EE°L
€6E°L
LLEL
68€°L

=909

=66'C
Feoy

=00

2
00'L
H:m.c
=86'0
H\:_qm.m

4.5

1 (ppm)

00—

ovl
_..,1v

¥'8s
w.ow/
€19
¢. EV

L9L
04L
viL

1217
g'LLL
L'eclL
4
ceglL
§'8clL
0'6cl
1’621
mdm_ﬂ\
el
gvelL
L'2€1

6851
L'E9L—
9691
VLLL~

120

T
160

170

180

100
1 (ppm)

110

140 130

150

190

200

16



05w
89L'F
AN
98L'¥
96L'¥
Ly
LEEZ'H

6L5°6—

5959~
1299~
£90°2
580°2
Love
902 24
59z 2
sz L)
962 2
0LE'L
gles
GEE'L
6562
84€'2
96€'2
1582
182
9482
268'2

=ZL'9

EBE'E

=00k

=004
660
00e
860
u__.mo.N
G680
ooe
=G}

1 (ppm)

ork
D.wrv.

T
170

T
180

1 (ppm)

17



3k

oooo—

AT A
622}
sez’l
Lyet
2521
S9Z'k
POl —

BrL'y
291
Saky
6Lt
0Lzt
T4
Sye't

g15°6—

0459~
£89'9-
1221
592'L
892,
mmm_l
508
vee L] _”
£ve L]
g/ ]
00¥ L
L
SO L
6L9'L
8692
808'L

=609

FSoy

=00k

=001
59§ 0
20
10z
Loy
o'k
u_mm_o
Y60

4.5

50
f1 {ppm)

Cl.

%0
f1 {ppm)

110

120

0

1

180

18



31

0000—

€LLL
1611
60Z°1
SET'L
€521
1Tl
899'L—

€ELY
1Sy
691y
98l
80Ty
92Ty
ey
(AT A4

865°G—

€099~
€899
LETL
v6e'L
AR WA
PEE'L
ese’L
69€°L
¢6E°L
OL¥'L
8eY'L
885,
8092
829,
0EL'8
6¥1'8
€€€'8
9€€'8
pee'8
96E'8
0698

o€
Mmo.m

96°L
Moo.N

=00k

001
K60
660
002
90°L
002
Lo'k
R
66'0
A86°0
/260

2.0

)
o

3.0

10.0

10.5

f1 (ppm)

00—

6¢l
_..v_‘v

gzl
6°GZL
0'8ZL
§'8clL
9'8Z1L
A4
6zl
8'0EL~:
LrEL~
SGELT
m.mm_‘\
8'9¢gL
vivi—

9291~
g9l —
0'69L—

-

110

T
190

T
200

f1 (ppm)

19



3m

000°0-—

8021
LT
9zT'L
SETL
A
£5T'L
96.°€
818
ey
091t
LY
€61 P
Lz
8zzy
916G
085S
£25'9
925'9
966'9
LI8'9
8.8'9]
¥88'9
568'9
006'9
806'9
600'2
zL0'L
9102
8L0°L
620°L
2€0°L
9€0'L
6£0°L1
861°L]
50241
01Z47
€22 L1
12z i
PET L
282 L]
862 'L
102
cee L]
£6€'L]
9ge°2 ]
eVEL
1982
v9E'L
89€'L
08€'L
£8e°L
18671

=209

86°C
Awm.m

Feoy

=00'L

00—

oyl
_..v_‘v.

€68
58
5709
Z19
€19

8°9L
_..t.v
¥iL

T
90

100
1 (ppm)

T
110

T
120

140

0

T
190

T
200

3n

20



0000—

5876

LY
8Ly
L0zt
LT
152y
£95°S
895°S
0£5°9
659 (
9859

8889
£68'9
506'9
0169
861°L
02Z'L
ezl
997,
12eL
L
19gL~
9v2]
BEYL
oL
oL
129t
191
0692
v6L'L
86LL
£08'L

o

Cl

91’9

—£0'€

Frl'y

~66'0

3660
660
p1Z
y1'g
mmo.r
+90°L
¥0'L
Wooe

4.0

1 (ppm)

00—

oyl
F.S.v.

€65
m.om”
v.EV
19

9L
FHNV
VLL

Cl

o

190 180 170 160 150 140 130 120 110 100
1 (ppm)

200

30

21



0000—

81Tl
0eT’L
9L
vl
STl
99¢'L

028'e—

41 4
8Ly
86LY
(4044
9Ly
0Zey
Brg e
619G
L15°9
0859
2099
820°L
0L
0L
8v0'L
16072
9L
0€T’L
eveL
el
062°L
v6T'L
60€°L
0Ze'L
veeL
62€°L
9L,
Wwe'L
8ve'L
eseL
LLEL

i

CI

=0L'9

=10'€

F0v

=00}

00°L
Awm.o
=00'L

»€0°C
Fg0'9

f1 (ppm)

orl
_,.3‘v

¥'6s
mdm”
v#ww
919

wd...
_.g....W
viL

¥§hL
08LL
0'€zl
L'8glL
26k
v'6clL
9'6cl
90eL~
GEel
crel
9veL
9'9¢l

0651 —
0'€9L—
591~
0L

/0

CI

-10

T
90

T T
140 130 120 110

T
150

T T T
200 190 180 170

T
210

f1 (ppm)

3p

22



000°0-—

9eT'L
el
§SZ'L
oz’
6121

89LY
1214
€6LY
Loz’
[ 4
oLey
6l
8eTy
A4

009'S
vcm.mV

-

cl

=0b'9

bl A

=00}

0L
260

s6L'E
#LE
0L
=p0°L
660

9.5

10.0

00—

Lyl
_,.iv

009
w._.wW
19

wd...
_.g....v
viL

8'821
6'821
€621
v'6elL
G'6cl
voeL
8°0EL
SielL
L'EeL
9'€el
vreL
L'GEL
yoelL
8291~
P89l
8691

cl

-10

T
90

T T
140 130 120 110

T
150

T T T
200 190 180 170

T
210

f1 (ppm)

3q

23



000°0-—

mcw.v
mNN. —W
Pl
1921
§8¢'L
€0e’L

oLge—

6Lt
961 Y
LET
8y

08¥'S
mmfmv

BE
20697
ZVB9~,
9LL'L
SEW
8L1'L
1921
S8Z'L
z9eL
28¢e L

L0'€
Mho.m

Feoe

Flop

ool

F00'L
Fe60

L0e
Feie

w

6¢l
orl 4

£eT—

S'86~
Ak

8'9L
VL
viL

8291~
P'g9L—

6'€LL—

.

-10

T T T T T T T
170 160 150 140 130 120 110 100 80
1 (ppm)

T
180

3r

24



i

E0'C

~0F'€
“80°€

Rgo'l
Fzot
w167

60'C
€02

880
66°0

=00'L

F00'L

065~
9
m.FwV

8°9L
—.h...W
¥iL

f1 (ppm)

621~
682l

9LEL—

€9~
1891

ril—

170

180

140 130 120 110 100 90
f1 (ppm)

150

160

190

200

4a

25



0000—

s0¢'L
€21
oreL
8sZ’L
6291 /

4384
oELy
srL'y
MLy
voTy
(4444
ovey
88T

192°6—

11S°9—
8LEL
8EC’L
09€°L
9/€°L
€6€°L
LiV'L
SEV'L
syl
965°L
SLo'L
100’8

I

=609

=002

=00°L

Fsi8
=102

=660

3.0

3.5

60 55 50 4.5
1 (ppm)

6.5

10.0

10.5

00—

oyl
v.ﬁv

¥6e—

8521
A
8'8zZ1
€621
62l
LogL~S
TIELG
N.mm&
6'€El
g'erL—

0e9L—
1991
8'0LL~

T
140

T

150

1o 100
1 (ppm)

120

130

190 180 170 160

200

4b

26



000°0-—

L0Z'L
[4%Al
6LTL
0€Z'L
9ET’'L
8veL
SST'L
60L1L—

cseT—

80LY
Scl'y
EvLy
1oLy
L6L'Y
60Z1
VX444
Sye'v

89Z°6—

295'9—
Sle'L
wmwﬁw
LWL
LIELE
9EE’L
§SE'L
oL¥'L
8ch'L
Lv¥'L
965,
SloL
LL6'L

=209

F90°€

00'¢
ﬂmo.m

®loe

=00'L

=96°¢
wNo.N
S0°L
66'L
=860

50 45 40 35 3.0
1 (ppm)

5.5

6.0

9.5

10.0

00—

oyl
—..VFN
vie—

vee—

192
LLL
Vil

0e9L—
2991
8'0LL~

190

170 160 150 140 130 120 110 100
1 (ppm)

180

200

4c

27



0000—

10z’L
602°L
6LZ’L
92Tl
9L
el
L —

008°€
0Ly
SZLy
vy
9Ly
8L
0Ty
(4444
ore

6865

€€6'9
8€6'9
056'9
§56'9
296'9
G9¢°L
L0€°L
pLeL
SeEL
PPeL~
SPe'L
09€°L
€9¢°L
PiyL
LivL
Lev'L
LEV'L
9E¥'L
WL
YSv'L
99,
029,
629,
LE9'L
0r9°L
6¥6'L

L.

=80'9

~00°€
102
WE.N

=00¢

w
o

3.0

5.5

6.0

10.0

10.5

00—

ovi
Lyl

S6e—

L9L
0LL
Vil

f1 (ppm)

ePLl—
€Tl
N.wm_‘M
€Lel~
€6el;
L'0gL
6°0€L
el
€eelL
h.mi.\

9091~
L'E9L
991
6°0LL—

110

120

190

90

100
f1 (ppm)

170 160 150 140 130

180

200

4d

28



000°0-—

vich
[4 Al
LST'L
692'1L
9LL'L—

6cLy
FAdN 4
SOl
£8LY
[4%4 4
0eTy
JAZA 4
SOy

SlLZ6—

cLEL
€64
8L¥L
9EP'L
SSP'L
cLSL
265,
L06'L

=019

60'C
Wwo.w

=002

=00t

002
Mho.v
£0')
002
004

2.5 2.0

3.0

00—

ovl
_..E‘V

S6E—

L9L

viL

190

170 160 150 140 130 120 110 100 90
1 (ppm)

180

200

4e

29



000°0-—

8€Z'L
9SZ'1
ST
€621

e
vmw._.\

[4:] 34
0Ly
88L'Y
S0T'y
€9y
08z
862
aled
18L°6—

889'9—
0514
1912
zLL L
1814
€614
19211
8.7 L]
682
60€°L
828'L
S6€'L
ELyL
zerL
SLG'L
vEG'L
z29'L
YL
v06'L

0.5

0.0

3.0

3.5

1 (ppm)

5.5

6.0

10.0 9.5 9.0

10.5

00—

Lyl
Lyl

86—

L9L
LiL
Vil

L'eet
ozl
[AxA
S L2l
9’621
coel
9°0¢l
8'0¢gL
Z’leL
6°Z¢EL
6'ZeL 7
vreEL
SZri—

8'Z91—
L6917
L0LL—

100
1 (ppm)

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

190

200

4f



000'0—
296°0
086°0
866°0
£vT L
192'1
082’}
662')
91E'}
6L L—

o

Cl

=8r'0
£Ze'9

»FE0
=66'L
0z

=102
=Z20

910
»00°L
L.#—.r

Loy
MB.?

96}
me.c
»€€°0

6.0

6.5

8.5 9.0

10.0

LA TR
ok

20r—
8 e —

019
'l9
9
219
9L
LiL
viL
L'zl
v'iclL
Al
414
0621
1’621
0ogL
yoeL

o

Cl

140

150

90

31

110 100
f1 (ppm)

120

130

190 180 170 160

200

4g



000°0-—

(43004
0S0'y
890
980y
SYTy
£9C
182y
662y

SPTS—

£55'9—
080'2
m%L
8LL L
veL'LY
2612
66z L]
€622
21z
99¢°/ ]
S8E°L
Syl
ZErL
LGh'L
69 L
o8,
986'L

=10’
=10

=l0'€

=£0'C
=102

4.5

=002

T
6.0 5.5

6.5

=00'}b [

©60'E
=66'0
~o0gln

=S

1 (ppm)

00—

6¢l
A
86L~

8'8e—

L9L
0LL
viL

8'Z91~
09917
ST~

120

130

100
1 (ppm)

110

190 180 170 160 150 140

200

4h

32



0000—

S0¢T'L
444
2T
oreL
el
9Tl
€29°)

ereT—

ELLY
LELY
6¥LY
9Ly
L0T¥
A
ey
192y

(AT A bl

12S°9—
€61°L
zh N.hw
082,
6v2 L%
ovE'L
19€°L
69€'L
S8E°L
SOv'L
L
LE¥ L
8L
266'L

=209

=86'C

#20T
~zoe

=00C

=00'L

L5

2.0

o

55 5.0
1 (ppm)

6.0

6.5

10.0

10.5

00—

vee—

862l
1221
6°.2L
8'8zL
ezl
v'6elL
clel
61l
0€EL
6'€el
0l
L'EpL

0€9lL—
991"
0biL—

Lk

I

d

I

l

|

120

180

100 90 80 70

1 (ppm)

110

160 150 140

170

190

200

33



102}
Szl
£€Z'L
el
-4
6921 &
909'L
€19}

P6L'E
6Ly
LELY
SSLy
ELL'Y
602'v
ey
Sk
[4c A4

¥Ses—

189°9—
€169

mmm.mV
6917,
[
92TL
S¥e'L
ePeL
298’L
8.€°L
S6E'L
8LvL
9E¥'L
€5¥'L

966,

=v0'9

~10€
02
Wwo_m

=l0'C

=00'}
=€0'L
F96'2
£80'S

=860

2.0

2.5

3.0

3.5

6.0 55 50 4.5
1 (ppm)

6.5

10.0

10.5

00—

(4"
F.i.v.

S6E—

€66~
119
w.rmV

9851 —
0€9L—
1991 —
S0LL~

L.

T T
120 110

140

150

90

100
1 (ppm)

130

190 180 170 160

200

34



0000—

veeL
el v
092'L
0gLL—

eELy
1Sy
691
98lL'y
(44
6LZ'Y
LETY
SSe

052'6—

0859~
£66'9
5102
5027
89227
LeeL
BYEL
oL
8L
902
verL
VL
6E9L
£59'L
099'L
5191
866'L

=£0'9

20T
Mwo.m

®Z0C

=00°L

Nr_.o.N
806
»86°L
%wmd

3.0 2.5 2.0

3.5

10.0

10.5

00—

orl
_‘..v_‘v

S6E—

L9L
LiL
viL

ebLL
SpLL
9'gZL
88zl
8’8zl
1’621
26k
6zl
ezl
veeL
PEel
6'€Ecl
8'ErL—

6°291
2'e9l
L1991
1991
w.mmv\

S

i L]

130

110 100 80 70
1 (ppm)

120

190 180 170 160 150 140

200

4k

35



00— -
000°0-— Fe
PR
A -
ZrTL M=
A" =109 E
092} L
1921 - -
sez’h \ . 568 _
ool [ e
s €19~ —
e 9197
i
0°LL
991t L= Vil
v8LY .ﬂ gare]”
ey 902
66TY L
15TV s
SiTY H .
s £6zl
o B B 9'8z1
9vZ'G —_—_— O0TE | 192
[ 8821
] 682}
L 562l
4 6621
1 80g) —
1859~ =660/ < e
mmwﬂ o m,nm%
56247 vo'e| 6vel
5284 66°€[ | il
(RS 20w
TR A $6°0
LEL] =86°0F 2 A
Mwww_ o 0\\ 6791~ o] 0\\ il
gb . oHA! o Lo 0'99L— oHA! 5 ——
LY L - r vegL— _— : )
86t'L \ le \
£€6'L 7 = 7
00’8 o o
L=
o
re
o |2 o

90

36

T T T
160 150 140 130 120 110 100
1 (ppm)

170

180

41



0000—

2Ly
8ELY
%Ly
vLLY
ElA4
YTy
[4:14 4
00ey

8L2°6—

9€9'9—
62¢'L
8ve'L
65€°L
L1€7L
eL¥L
LEV'L
0S¥'L
el
1ES°L
16S°L
L6
LE6°L
1EQ'8

1828
Loe'e
£€8€'8

=00'€
*80'E

=20'C
0T

=00'C

=00'}

20°€
ooz
g0l
»10°}
=001
=00'L
660

3.0

3.5

10.0

10.5

00—

m.m_.
A4 >

S6E—

19
h._.wv

L9L
0L
€LL

6'vCl
9'6zl
6521
8Tl
98zl
682l
562l
90gL~2
m.nmrv
6vEl
.wdﬂ\
crrl—
clvl—

9291~
6991~
G589l

170

T

180

30 20 1

40

190

200

4m

37



026'9
126'9
2€6'9
16’9
6v6'9
966'9
$9Z'L
69Z'L
€821
mmw.h.m
€0E°L
LIEL
06€°L
€6E°L
96€°L
86€°L
oL¥L
EL¥L
9L¥'L
8L¥L
S0S'L
805'LY
LS Ly
P2S Ly
8254
LEG L W
N@m.h)

w@n.ﬁ
LLS'L
LG6'L—

Cl

o

=609

*90°€
90¢
60'C

=002

*Z0L
20'C
/ L0'€
66°0
Lo’k
960

=00"}

1 (ppm)

00—

o.v_‘
_..S.v.

S6E—

€66~
AL
m._‘wV

8°9L
_..t.v
¥iL

o
£ezh
092l
98z
a8zl
6621
g0gL
g0gl
Vigt
ges
0'SEl
el —

9091~
0e9L—
2991
691

Cl

N

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

T
210

4n

38



0000—

€871
veT'L
Lol
e
8LEL
62¢’L

152¢C—

0T
[AT44
X444
62T
6EC Y
PAsA4
95T
YTy
950'6—

S0S°9—

98¢,
€121
98€°L~\
92v'L
442
6€6°L
mmm.._.v.

809

Foie

ESLy

Fare

90’1

Lyl
_..vvwx
Se—

28e—

2’19
v._.ov.

8'9L
Vi
viL

0°€9l”
65917
£ELIN

50

T T T T T T T
170 160 150 140 130 120 110 100
1 (ppm)

T
180

39



SLL'L
€61°1
oLe’L

S~

geLy
9GLY
soLp
vLLY
8Ly
611+
00z'r
oz
6LzY
A
1527
876¢
9/9'
e
1299
1£9°9
2589
€189
180°L
660'L
gLl'L
05€°L
65€°L1)
98,
0181
z8e'L
vBE'L
66€°L
ShvL
19,
vov'L
091
0z9'L
989'L
689'L

[

F50'¢

Fere

=20'L

oot
Aot
R0°L
E0'L

£2'

90')
S 00k

6€l—

" S'95—
£9—

8oL
Vil
- viL

4.0

1.5
1 (ppm)
@
~ oy
==
—

8'Z8l—

T
90

T T T T T T T T T
190 180 170 160 150 M40 130 120 110 100
1 (ppm)

T
200

T
210

40



000°0—

9EC"
mmN.rW
(YA

658'%

Nwm.vv
1699
L1S9
€l
PLO'L

e

bard

F60C

80z

=L0b
POl
612
Mma.v
1oL

00

0.0

2.0

3.5 3.0

4.0

w

6.0

6.5

10.0

f1 (ppm)

byl—
eLe—

§19—

8'9L
_..hhv
ViL

VL
S LA~
Gegl
[ TARN
09zZL—
L'8CL

682l
€621 \
e \
1'eel
e
9051/
661~

€99l—

0egl—

T T T T T T
180 170 160 150 140 120

190

200

100 90

1o

130

210

f1 (ppm)

41



000°0-—

Le0'L
SPO’ -W
€90°L
€651 —

LIOY
[4:100 4
60y
001y
4384
8Ly
€LY
9ELY

225G
e
805°9
60591
Lp0'Ly
681°L1
26141
607 L1
9zZ L
927 L
297 4
11707
S82'4
662
zoeL]
5087
18]
£2eL
ovE'L
EvE'L
omoi
6608

O

n

=0L'e

FoLe

=10k

=160

00}
oLe
wm.wm.m

=00'¢

6€l—

1991l —

O

-10

T T T T T
170 160 150 140 130 120 110 100

T
180

L8

51

1 (ppm)

10

42



6L6€
LE6'E
GS6'E
(4404
090°t
LIOY
5601
92T'S
LETS
S9E'S
992G
9L¥'9
6012
€L
CEL'L
0SL°L
691°L
081°L
€61°L
LoT'L
veel
SETL
vheL
vSTL
e0e'L
S0E'L
€2€°L
LEL
EVEL
88€'L
£0¥' L
0L¥Ly
9z Ly
8vb Lo
418

e

09t L7
896'L
€86'L
€008

Lor's

=90'€
880

FZ0e
=190

=850
~o0z

=820

ok
mﬂ.m

00z
w%.m

vi6eT
1570

g€l
8¢l >

L'62—

oor—
Lor—

019
_..vwv

8'9L
ViL
viL

1601~
26017
68LL

SBhL~
00¢t
vogl
0eel
et
v'sci
0921
0'8el
c'8cl
v'8cl
882l
6'8¢l
¢6el
v6ch
v'6el
L'¥el
L'vEl
1'gel
Sovi
LovL
6Lyl
6°991
6°291

—

80

T
90

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

T
200

f1 (ppm)

11

43



0000—
602°L
221
vreL
95’1
SEL
€Sy
LY
881y
€009
5009
8009
1ze9
€29
458 4°1
o
€L
0S¢,
652°L
oZ’L
eLTL
082,
98¢'L
oLe'L
SleL
veeL
0E€’L
ove'L
SPe'L
09¢€°L
8ev'L
LEV'L
SEV'L
8ht'L
s¥L
Yo¥'L
19%'L
S8¥'L
10S'L
oS,
€157,
6LS°L
625,
LE6°L
1€8°27
GES'L
ov8’L
8v8'L
cs8'L
Ge8'L
0982

=90’

=p0'2

=20t
=201
=00}

1L

0zy
hezy
502

Vvl —

Pes—
Llo—

gL
o [
. Vil

4.0
1 (ppm)

4.5

b 9zl
(x4}
9zl
b izl
Ew%
g1l

creElL
L'6EL
0 L'6gl

wdm_‘
H _v.mmrv

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

T
200

44



12

vse' L
6S€°L
9.€L
pee’L
00y
8Led
SEE'Y
fasion 4
G95'
6.5
5169
1922
16E°L
pee'L
15¢€°L
L9¢€°L
CLeL
8.8,
88¢€°L
16E°L
¥6E'L
00¥'L
€0¥'L
L0%'L
243
vev'L
ov¥'L
EP¥L
1Sv'L
19¥'L
yor'L
69%°L
€LY'L
9UV'L
S8v'L
L6¥'L
L6¥'L
9082
605°L
433
PLS°L
¢65°L
16972
0522
¥eL'L
65L°L
19271
WLLL

ﬁ

YLLL
pe8'L

=20'¢

=£0'2
=00'C

Ev6'0

zve

zze
~g0g
007
o0t

00—

£l —

£Le—

19—

L'9L
0L
viL

0.2
08zl
§'8Cl
882l
€621
9621
SIEL~
crelL
SPeEL
yeri—

699~
089L"

-10

60

T T
130 120 110

140

T
160

T
190 180 1

T
200

f1 (ppm)

6. Copies of HPLC Spectra of S3, 2d and 3d

45



[Chromatogram

350 -
300 1 OH © |1-32.960
12-37.007
ol
250 4
Cl
s3
= 200 4
<
E
[
2 1504
2
2
0
< 100
50 4
o
-50 _I T T T T T T T T L]
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.1
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 32.960 525.416 298.860 49.70 51.76 n.a.
2 37.097 531.764 278.530 50.30 48.24 n.a.
Total: 1057.181 577.391 100.00 100.00
[Chromatogram
48 a UV_VIS_1 WVL:254 nm
1 |1-32.667
150 +
OH O
12- 36.477
125] sl
N cl
=2 100
] s3
8
8 751
<]
A
<
50 -
25 4
O —n_ A ]
-20 _I T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 58.1
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 32.667 283.126 175.208 55.04 56.91 na.
2 36.477 231.266 132.639 44.96 43.09 n.a.
Total: 514.392 307.848 100.00 100.00
HPLC analysis: 11% ee, [Daicel Chiralpak ODH, n-hexane/2-propanol = 97/3, v=1.0

mL/min, A = 254 nm, t (major) = 32.6 min, t (minor) = 36.4 min].
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|Chromatogram

18002 | IA colum 1ml 10% UV_VIS_1 WVL:254 nm
1 OBocO 1-6.180
150011 A~ 2.7.123
il
1250 -|
] 2d
= 1000
E
g
5 750
£ ]
2
<
500 4
250
0 L | \
_200:‘ L L L —T T T T LY sy |
0.0 25 5.0 75 100 125 15.0 175 200 21.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.180 333.116 1571.837 49.41 51.14 n.a.
2 7.123 341.070 1501.619 50.59 48.86 n.a.
Total: 674.186 3073.456 100.00 100.00
Chromatogram
1600 -
1400 OBocO 2-6.530
0"
1200 o 1- 507
Cl
1000 2d
=
<
E 800
8
f =
3
£ 600+
3
=<
400+
2004 J U
0+ I I
-200 5 ) T T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 5.707 233.679 1180.211 4479 46.33 n.a.
2 6.530 288.069 1366.972 55.21 53.67 n.a.
Total: 521.748 2547.184 100.00 100.00

HPLC analysis: 11% ee, [Daicel Chiralpak IA, n-hexane/2-propanol = 90/10, v = 1.0 mL/min,
A =254 nm, t (major) = 6.3 min, t (minor) = 5.7 min].
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[Chromatogram

1200 - T UV_VIS_1 WVL:254 nm
10001 i1 - 168078620
o]
jf—\VkN.NQ/COOEt
800 \igj\ﬁcooa
=] cl
< 6004 24
3
c
]
£
S 400+
F=}
<
200
0
-200 -l T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 428
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 16.807 542.428 978.020 49.72 49.44 n.a.
2 18.620 548.456 1000.219 50.28 50.56 n.a.
Total: 1090.884 1978.239 100.00 100.00

HPLC analysis: 0% ee, [Daicel Chiralpak IA, n-hexane/2-propanol = 95/5, v = 1.0 mL/min, A

=254 nm].
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