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General Procedures.

All commercial reagents and solvents were used directly as purchased without further purification.
THF was distilled from sodium/benzophenone. N,N-Dimethylformamide was distilled from CaHs.
Flash chromatography was performed on silica gel with petroleum ether (PE)/EtOAc as the eluent.
Melting points were uncorrected. Optical rotations were measured with a sodium lamp. '"H NMR
spectra were recorded at 400 MHz. Decoupled >C NMR spectra were recorded at 100 MHz at the
given temperatures. Chemical shifts (0) are reported in parts per million and referenced to the residual

solvent peak, and J values are given in hertz (Hz).



Determination of the configuration of compound Sc
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Packing view of compound Sc

The Cl---O distance is 3.183A




"H NMR Spectra of the crude products 3

"H NMR of crude product 3a
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"H NMR of crude product 3b
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"H NMR of crude product 3¢
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"H NMR of crude product 3d
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"H NMR of crude product 3e
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"H NMR of crude product 3g
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"H NMR of crude product 3i
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"H NMR of crude product 3k
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"H NMR Spectra of the crude products 5
"H NMR of crude product 5a
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"H NMR of crude product 5¢
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"H NMR of crude product 5e
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"H NMR of crude product 3a via radical mono-dechlorination of compound 6a
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LC-MS spectra of the crude products 3

3a, rt = 9.38 min; the other diastereomer, rt = 9.10 min
dr=59.7:09=98:2
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3¢, rt = 9.27 min; the other diastereomer, rt = 8.91 min

dr=98.8:1.11=98:2
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3d, rt = 6.00 min; the other diastereomer, rt = 5.67 min
dr=9591:212=98:2
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3e, rt = 7.27 min; the other diastereomer, rt = 7.02 min
dr=98.06:1.06=98:2
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3f, rt = 7.60 min; the other diastereomer, rt = 7.87 min
dr=6118:59.8=98:2
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3g, rt = 8.07 min; the other diastereomer, rt = 7.19 min
dr=5766:74=98:2
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3h, rt = 10.85 min; the other diastereomer, rt = 10.44 min

dr=24.8:0.29=98:2
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3i, rt = 8.59 min; the other diastereomer, rt = 8.07 min
dr =28231:571=98:2
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NMR Spectra for all new products

e Y
o
S
HN K
"“CHCl,
3a, 'H NMR(CDCl5)
o R8T 3 IR g8 S S
< Sy S <SS < < < < — <)
m/sxg ! N ~\ N
/@/"C}mz
i
\‘ L ‘
N [l
| i A e
& & & & & s L
o o o o o (=3
o~ — — — — o o
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

fl {ppm)

23



0]
S
HN \g

s
/,
CHCl,
13
3a, "C NMR(CDCly)
g 285 . - <
o 8 o5 S < < ~ ©
o o NN [Ie] [Ie] = o —
. —- o =~ © [} N~
R Y /
/@ TOHCL .
200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10

£1 (ppm)

24



S
HNK

"/CHCl,

3b

"H NMR(CDCl,)

TNO LM o — O N e ior) N = O~ r~ DL <
0 DN N S o 00 00 80 [=¥=1 S oW [PoRES RS RN
g e e e e TR} < <~ < IS ENENES N [ S
W \g —~\e N\ N = I e
“ome,
| |
i I
P !
S & L & b s
[=R=) (=] (=] (=] (=] oo o
S — — - — o3l
" T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5. 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
£1 (ppm)

25



( N
o
S
HN
CHCl,
3b, '3C NMR(CDCly)
© o =+
0 < el g g = £ =5
N (=2} (2] ~ O . . .
; g 558 5 e - coea
- \g — — ~= < o o [N RN
_ Il Y
"CHCLz
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

£1 (ppm)

26



3¢, '"H NMR(CDCly)
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3j. 'THNMR (CDCl;)

62T —

66T —

10 °6

=00 T

7.5

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.(
£1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0

41



(¢

S
HNK

X CHCl,

3j, 3C NMR (CDCl;)

[ae)iel=] jor R =)

o — 0O 0 ©

- CLBw O

S o AN N AN

. Gekcia B

O =1
e CHOL,

—136. 13
~135. 65
_~128.60
- 128.45
— 126. 89

123. 60

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
138 136 134 132 130 128 126 124
f1 (ppm)

N b il " " Unw‘ " m \ "
i iy ' DKM W BT V

75. 56
64. 90
57.06
22.64

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

42



O
S
HN \<
Xy cHCL,
\ 0
3k, '"H NMR (CDCly)

o © O MOAN =N N ol e <+ N [o2} —
o <+ N mwom —— > 00 00 0 [=N=} [T o
: < S S S6 R < < R
HN,SK I ~ —\ N [
= TCHCL,
7
I 11
i i A
L L 5 L ps
(=] oo (=2} (=] (=]
= —= S = =
L T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

£1 (ppm)

43



S
HN \g

\\ “/CHCl,
o)

3k, '3C NMR (CDCl,)

o ~
Q oo (=] ~ o [ae] o b~ oo
= . o . [o2} — < ©
5 < < k=) o3 ol = N
- \g - - —— ~ © o N
I I e [
\\ CHI1,
0
I i
! |
i
TR " | " N . . "
AL A 4 ey r Wl Lk T " L ey ! L i " v Ll il " L v Al LA

T
200

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

44



Cl

Cl

31, 'TH NMR (CDCl5)

0T —

CHC1:

Cl : Cl

=00

=00

1

1

1

T
1.0 0.5

1.5

4.0 3.5 3.0

T
4.5

T
5.5

6.5

7.0

7.5

T
9.5

T
10.0

£1 (ppm)

45



o

S
HN K
"'CHCI,

Cl Cl
31, *C NMR (CDCly)
H’“ \ﬁ I
/@K’t}ma
cl cl
il Y n TP TR ITY bt MH " m D G ) m“mm.“ i e o sned M m) o A b b b

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

46



0o

S
HN K
“/CHCL,

3m

., THNMR (CDCly)

o o — DO MO O == — <H AN ©
9 N > o Al rRorNorNar NarKarl [oxNe e NerNo oo} N —=—O O
- = [foty BB BB mm e’ —_— e
HN'SK = | =
\/"’cmz
[
I
/‘/U;ﬁ il |
g £ $  &s3
- —— — 6 33

L T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
£1 (ppm)

47

0.5



3m

)
S
HN K

“/CHCl,

13C NMR (CDCly)

e~ {2} < ~ © O <

e~ © Al ~ [=NeoRoy

O [T = — oo

e~ © [Ie] o o) — —

o | e

7)"‘0{12
\ : : : : : : : : : : : : : : : : : : :
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

£1 (ppm)

48



—“S 3
=

0
S

’

HN

"/CHCl,
3n, 'H NMR (CDCl;)

117G
8l °G

e

puinininininidl |

I~

B Bmddded odod

o ol

=0°¢
=00~
0

Feo
750

HOo-

=60

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.(
£1 (ppm)

10.0

49



o

N \g
A “/CHCI,

3n, *C NMR(CDCl5)

< oo (=) =~ © [=2]
5 [Te] e~ oo o ~ o ©
- < o < < N e
. ~ © [I] o N — —
I Lo L
o~ “CHCL,
<
[I]
<
=
T . . :
78.5 77.5 76.5 75.5
f1 (ppm)
; . . . . . . . . . . . . . . . . . . .
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

£1 (ppm)

50



v

5a, '"H NMR (CDCl;)

FIRESZ B8 N & <
0 ISP < < o5 s o -
8 = N /
EOF
o
i
il ! |
L k
LL & & &
(==} (=] (=] (=]
= - o
i . . . . . . . . . . . .
0.0 95 9.0 85 80 7.5 70 65 60 55 50 45 4.0

£1 (ppm)



o
.S

N
\'u'l
SN

5a, 3C NMR (CDCl,)

— = 0
0 5 ses 25 9 83
: 2 g€ o o N o
n = [P D) IR
S |~ I N/
/©“‘ -
— -0
ol [orRNoNp)
) 0 00 0
NI
T T T T T T T T
138 135 132 129
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

52



( N
0
.S
N \ﬁ
VAN
“Cl
5b, '"H NMR (CDCl5)

SHEIS=2 B8 2 & =
< o e e < < o33 o —
,s\ﬁ e / <

Q“ 1
| [l
H‘\‘ M “
T L% L 3
© (=] (=] (=] (=]
< — — o o
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

£1 (ppm)

53



§
0
.S
N \g
LA,
“Cl
5b, 3C NMR (CDCl,)
Q s L < e
1" M MANNANN &~ ™ =~ o —
S ~~~~~~ [IoRTe] o NN
- \\,\« | e o N
\'u hr
v Tl
[l
| |
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

54



Wl

Sc. "H NMR (CDCly)

1. 20

o TIIISeAeq S
< S S S S S ~ < ko)
8 v
KF
A -
S L s
S S S

L T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
£1 (ppm)

55



WY

1l

5¢, BC NMR (CDCly)

o b~ 0 O
-~ =3 — [3e]
o o m w w
0 prpee . : :
. EEEE e 5 4
KOE - !
|
|
|
|
WMWWMWWWWWWWWWWMWW2WAWWWML‘”,”WW”LLMWM U A
R :
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10

£1 (ppm)

56



'd N\
0o
.S
N \<
LA,
“Cl
5d, '"H NMR (CDCly)
L
(=Rl (=) nw o N —~ L0 <H o o~
N — oo 0w N 0 00 © © [Ie} o
RS =~ < < << —_
~E /ol ~ [
0
1\1’s
W
O a1
L . I
[T i U m
ooz L4 4
(=] (=] (=] ==} (=]
—~ ™ < — — o
10.0 9.5 9.0 8.5 .0 7. 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.(

57



5d, 3C NMR (CDCly)

6V 20 —

3L 6€ —

¥ '€ —
69 LG —

€121
26121
60921
91921
89921
62°L21 -t
98821 —
0V 28T —
eer/

Ao

100
£1 (ppm)
58

110

120

180 170 160 150 140 130

190

200



Y]
.S
N \g
\'A’/
v l

Cl
5e, 'TH NMR (CDCl,)

TN AN—N—— OO DO © Lo o —
FHEFFFFLFONMNN N AN © o oM
9 R L S S e e N << S
3 e (e <
N
FARY

—1.56
—1.24

8% s s

L T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
£1 (ppm)

59



WY

Cl

Se. *C NMR (CDCly)

el

— Q0 =
o 5 oEs 2 % s
H [T o] . . B
8 @ 3 58 3 &
K LT L
C1
— =] © oo}
oo} o~ [fe] <
o o o o
= = = =
| ! |
[
T T T
129.9 129.7 129.5
1 (ppm)
|
) ¥
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

60



0
.S

N

/©\\ /Cl
Cl

5f, '"H NMR (CDCly)

©© ~ © © o
0 » N oy prog—-
5 s <~ < — -
u’ \ / I I
Jih
cl
1
& & & &
S S S &
< — - s}
r T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

£1 (ppm)

61



WY

el

Cl
5f, 3C NMR (CDCly)

=1

129.75
129.52
129. 44
—126.31
—57.68
—52.90
35.88
22.48

o=
7{
/

1

L T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)

62



Sg, '"H NMR (CDCly)

©
@
N R R R R e

N S s

~
o
o

9 T~ ~
L1877 )

8L — -

00"

0. (

1.0

1.5

3.0

3.5

T
4.5

T
5.5

7.0

7.5

T
9.5

T
10.0

£1 (ppm)

63



o
.S

N
JARN

W e

5g. "CNMR (CDCly) |

—56.99
—54.23
43. 06

—27.44
—22.26
19. 66

? 20. 36

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

64



N
VAR
5h, '"H NMR (CDCly)

SEV .
Ly

8TL— I

=20°¢
~£0'6
0T
L9011
A0

=00l

0.0

0.5

3.0 2.5 2.0 1.5

35

95 90 85 80 75 7.0 65 60 55 50 45 40
fl (ppm)

10.0

65



22.44

S ”/Cl

5h, 1*C NMR (CDCly)

19.79

: : :
215 20.5 19.5
f1 (ppm)

: : : : : : : : : :
170 160 150 140 130 120 110 100 90 80
f1 (ppm)

66

66.32
—57.01
— 52,92
— 3539
—29.14
—19.79
— 13.87




7a, 'TH NMR (CDCl,)

¥e:

0.5 0. (

1.0

1.5

2.0

§€°2

6.5 6.0 5.5 . 4.5 4.0 3.5 3.0 2.5
£1 (ppm)
67

7.0

£5%

8.5 8.0 7.5

"CHaCL
9.0

=1

9.5

10.0



f1 (ppm)

68

'd N\
O
S
HN
‘y
/,
CH,CI
7a, *C NMR (CDCly)
— O — O
D O~ = — — [{eNaN]
= .. . . o<t ol 0 —
5 BN IS S8 o o
HNl —— —— 0w Al [a\la\]
\g NI Vo Y4
/@’)”CHZCI
|
|
|
T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 9] -10



)
S
HNK

“'CH,CI

7b, '"H NMR (CDCl;)

N—O 0O 0 MmN — D O = 00 I~ [=2) ~
FHFEFOOOMW O AN ==t~ CO 0O = I~ [T [\
0 0 e e e e e < << B3l —
3 e N ~\ [
o
e
|
I
i
I & 2% 4
(=] (=] (==} (=]
I — N — o
T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

£1 (ppm)

69



0]

S
HN\<

/CH,C1

7b, *C NMR (CDCls)

.
= o=
S Dom
Q o BB
- RS RS RN

L
\

@2 “eHLL

T T T T T T T T
210 200 190 180 170 160 150 140 130 120 1

T
10 100 90 80 70
£1 (ppm)

70

— 59. 56
— 56.47
—48.44

22.58



o)

S
HN\<

“/CH,C1

7¢, 'TH NMR (CDCly)

o — [T} — © NO O NOD-O HM [=2] ™~
0 —~ ® o oo < < ~—ScSoS o]
Q- 66 = =~ 161616163 S — —
O W N T T R e L
O “CHAL
I
1 I
LI T 2 s &
(==} (=] (=] (=] (=]
- < — o o
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 2.5 2.0 1.5 1.0 0.5

£1 (ppm)

71



o
.S
HN
‘r
/,
CH,CI1
7¢, B3C NMR (CDCly)
OOV OMM =N
0 SESN—Be-oh 3T 3 =
- VMO OO LN o e . .
3 ZREIIINAaN g8 g B
O il K el N
O "1
!
I
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 20

£1 (ppm)

72



S
HN K
"/CH,CI

Cl Cl
7d, '"H NMR (CDCl,)

NAN—N— OO OFFOAN—~ NOOLNANI-O M

s} tfHFrFfroomooaNNy A A A A o~ (<] > 00 00 0 O

§ e L S S S BBBBIBE F¥rdBdddddad
- \K e N

—1.56
—1.23

9.00=

T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5

73



O

S
HN \g
"/CH,C1

Cl Cl
7d, '3C NMR (CDCly)

— O N —
by ‘oS~ o L . .
’S\ﬁ =338 =8 g8 g B
o L 1] NP
cl Cl
NI ]
T T T T T T T T T T T T T T T T T
230 210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 9]
f1 (ppm)

74

ris

ri7

r16

ris

rl4

ri3

riz

ri1

r10




5 2
-2 8
Orwn //Fv m
/9 F
= 8

§g”

= H <" < moMmMmoMmomo
P

=

00"
=00 "

00"

-00"
=00~

o=

1.0

1.5

3.0

3.5

T
4.5

T
5.5

7.0

7.5

T
9.5

T
10.0

£1 (ppm)

75



oo

S e
<

1O

S
HN \g
\\ “'CH,CI
o)

7e. *C NMR (CDCly)

151.53
142.65
—110. 55
™~ 108.73
—56. 68
~54.95
— 46. 82
22.51

| 1
" " T N — T " e | " bbbl
A

il
LML 4 ¥ L YA AT VI L L T AR

T
200

T T
190 180

T
170

T
160

T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

76



7f, 'TH NMR (CDCl;)

J

9L —

THCL

0
0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
£1 (ppm)

9.5

77



O

S
HN\<

"CH,CI

7f, BC NMR (CDCl5)

— — [fe) ™~ b~ <t ©
o © [\ o (3N w0 — =
< o G ~ S o o oo
3 © 6 < ] N~ =
T I I
7/ “CHC1
i
" o " ™ Mt il LT T T —
A Al AL h (i VAR DA AR TR f v ¥ PRI e
L T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

£1 (ppm)

78



