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A. General Information

General Procedures. All reactions were performed in oven-dried or flame-dried round-bottom
flasks and vials. Stainless steel syringes and cannula were used to transfer air- and moisture-
sensitive liquids. Flash chromatography was performed using silica gel 60 (230—400 mesh) from
Sigma—Aldrich.

Materials. Commercial reagents were purchased from Sigma—Aldrich, Fluka, EM Science, and
Lancaster and used as received. All solvents were used after being freshly distilled unless

otherwise noted.

Instrumentation. Proton nuclear magnetic resonance (*H NMR) spectra and carbon nuclear
magnetic resonance (**C NMR) spectra were recorded on Bruker UltraShield—400 (400 MHz).
Chemical shifts for protons are reported in parts per million downfield from tetramethylsilane
and are referenced to the NMR solvent residual peak (CHCI; 6 7.26). Chemical shifts for
carbons are reported in parts per million downfield from tetramethylsilane and are referenced to
the carbon resonances of the NMR solvent (CDCl; 6 77.0). Data are represented as follows:
chemical shift, multiplicity (br = broad, s = singlet, d = doublet, t = triplet, g = quartet, quint =
quintet, m = multiplet), coupling constants in Hertz (Hz), and integration. The mass
spectroscopic data were obtained at the Georgia State University mass spectrometry facility
using a Micromass Platform Il single quadrupole instrument. Infrared (IR) spectra were obtained
using a Perkin Elmer Spectrum 100 FT-IR spectrometer. Data are represented as follows:

frequency of absorption (cm™) and absorption strength (s = strong, m = medium, w = weak).

Abbreviations Used: THF-tetrahydrofuran, EtOAc—ethyl acetate, EtOH—ethanol, Et,O—diethyl
ether, CHyCl,—dichloromethane, MeCN-acetonitrile, TMSNs-trimethylsilyl azide, TEA-
triethylamine, TFA-trifluoroacetic acid, TLC-thin layer chromatography, Boc,O-di-tert-butyl
dicarbonate, DMAP-4-dimethylaminopyridine, =~ MsOH-methanesulfonic  acid, TfOH-
trifluoromethanesulfonic acid, PhsP-triphenylphosphine, TsOH-H,O—p-toluenesulfonic acid

monohydrate.
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B.

Summary of the Overall Synthetic Scheme

Step 1
OAc 0, A

N OAc Step 2
Diels-Alder
f . B%OEt Reactiog
r
X
(0]

: OR
A NO2 Enzymatic Kinetic H

< \“\NOZ
Resolution @\
72% yield CO,Et  37-40% yield CO,Et
dr>20:1 >99% ee R: Hor Ac
Step 3
Iron-Catalyzed
Direct Diazidation
dr up to >20:1
Et 72-76% yield
)\ Steps 6-7 Steps 4-5
O Et Acylation, OH Elimination,
RHNe & Selective H Reduction, Ns CO,Et

Alkylation Protonation O3N

-
~ ., . ®. .
RHN® CO,Et 68% yield  H N CO,Et 69% yield N
R: CO,Me (TsO), 3
R: Hor Ac
Steps 8-9 Et Et
Deprotection, O)\Et )\
Selective H Step 10 0~ “Et
Acylation AcHN\O\ Deprotection AcHN H
_—
72% yield BocHN™ CO,Et 83% yield H2N““[ l CO,Et
‘H3PO4
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C. Enantioselective Synthesis of Highly Cyclic Allylic Alcohols for the Iron-Catalyzed
Stereoselective Diazidation

OTBS OTBS OTBS
NO; NO i _NO
z NaOAc+3H,0 (2.0 equiv) 2 2
+ 5 OEt X > +
N r I CHQClz, 22 C, 48 h ’I,COZEt "/COZEt
21a 23 24a 24b
49% yield 32% yield

(E)-(Buta-1,3-dien-1-yloxy)(tert-butyl)dimethylsilane 21a and ethyl 2-bromo-3-nitropropanoate

23 are prepared with known literature procedures.*?

To an oven-dried 25 mL round bottom flask equipped with a stir bar was added finely ground
NaOAc-3H,0 (1.81 g, 13.3 mmol, 2.0 equiv). The flask was evacuated and backfilled with No.
Subsequently, anhydrous CH,Cl, (10 mL), (E)-(buta-1,3-dien-1-yloxy)(tert-butyl)dimethylsilane
21a (1.84 g, 10.0 mmol, 1.5 equiv) and ethyl 2-bromo-3-nitropropanoate 23 (1.5 g, 6.6 mmol,
1.0 equiv) were added. The reaction mixture was stirred at room temperature for 48 h until 23
was fully consumed (monitored by TLC). The reaction mixture was filtered and the solid was
washed with CH,Cl, (15 mL). The combined CH,CI; filtrate was washed with brine (15 mL)
and dried over Na;SO,4. After concentration in vacuo, the residue was purified through column
chromatography (hexanes/EtOAc: from 100:1 to 10:1) to afford the 24a as colorless oil (1.07 g,
49% yield) along with 24b as colorless oil (0.7 g, 32% yield).

OTBS
NO,

“/CO,Et
24a

(x)-Ethyl  (1R,5R,6S)-5-((tert-butyldimethylsilyl)oxy)-6-nitrocyclohex-3-ene-1-carboxylate
(24a): IR viax (neat)/cm™: 2958 (w), 2930 (w), 2891 (w), 2858 (W), 1734 (s), 1557 (s), 1473 (w),
1379 (m), 1297 (m), 1256 (s), 1184 (s), 1117 (s), 1086 (s), 1032 (m), 955 (s), 891 (m), 827 (s),
777 (s), 747 (m), 701 (m); *H NMR (400 MHz, acetone-dg) & 5.97-5.87 (m, 2H), 4.89 (dd, J =
11.8, 4.0 Hz, 1H), 4.82 (t, J = 3.9 Hz, 1H), 4.22-4.07 (m, 2H), 3.36 (td, J = 11.7, 6.0 Hz, 1H),
2.67 (ddd, J = 18.4, 6.0, 4.0 Hz, 1H), 2.27-2.11 (m, 1H), 1.23 (t, J = 7.1 Hz, 3H), 0.83 (s, 9H),
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0.09 (s, 3H), 0.03 (s, 3H); *C NMR (100 MHz, acetone-dg) & 172.7, 128.3, 126.3, 86.0, 65.5,
60.7, 37.3, 28.9, 25.1, 17.6, 13.5, -4.8, -6.2; LRMS (ESI, m/z): calcd for C15H,7NOsSiNa™, [M +
Na'], 352.2, found 352.2.

The stereochemistry of 24a was determined by NOE analysis: there is no NOE observed between
H. and Hc.

Hp
Nof_|
Cc
EtO,C ‘
OTBS}
Ha ,.'
R
R
Qo‘o%é
24a °
Ho H ‘ Ha
' | |
UAH “ J_&.U I,k i ppm
- ‘ N -2.0
= i woofe
, L2.5
= * i I
3.0
Ha —= ! i i I
¥ ' r 3.5
40
- ‘Iﬁiz
' 45
He ___ g f ") no NOE _ [
Ho ) “ A ’ 5.0
5.5
Al ‘ . :
- ‘ :49‘} L] M il F 5.0
I T T | T | I I [ 5-5

6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 ppm
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OTBS

[:i:rfNOZ < oTBS
EtO,C
“CO,Et He
24b Ha L)
o

P
0
B o\oc_,

(x)-Ethyl  (1R,5S,6S)-5-((tert-butyldimethylsilyl)oxy)-6-nitrocyclohex-3-ene-1-carboxylate
(24b): IR vimax (neat)/cm™: IR vmax (neat)/cm™: 2959 (w), 2931 (w), 2859 (w), 1737 (s), 1557 (s),
1387 (m), 1264 (s), 1239 (s), 1198 (m), 1101 (s), 1022 (m), 976 (m), 890 (m), 839 (s), 778 (s),
736 (s); *H NMR (400 MHz, acetone-ds) & 5.79 (dtd, J = 6.9, 4.6, 2.2 Hz, 1H), 5.62-5.56 (m,
1H), 4.83-4.77 (m, 1H), 4.66 (dd, J = 11.8, 8.6 Hz, 1H), 4.19-4.04 (m, 2H), 3.37 (td, J = 11.6,
6.0 Hz, 1H), 2.62 (dddd, J = 10.7, 6.4, 3.4, 1.6 Hz, 1H), 2.37 (dddd, J = 14.1, 11.4, 5.9, 2.7 Hz,
1H), 1.19 (t, J = 7.1 Hz, 3H), 0.87 (s, 9H), 0.09 (s, 3H), 0.00 (s, 3H); *C NMR (100 MHz,
acetone-dg) 5 170.5, 128.9, 125.9, 89.6, 71.3, 61.0, 42,4, 28.1, 25.1, 17.6, 13.4, -5.4, -6.2; LRMS
(ESI, m/z): calcd for C15H,7NOsSiNa*, [M + Na'], 352.2, found 352.2.

The stereochemistry of 24b was determined by NOE analysis: there is a strong NOE observed

between H, and H..

Lo i ppm
20

L2s

3.0
35
;4.0
F45

H, = " Ay ‘.ﬂ " F
strong NOE I 5.0

5.5

L6.0

60 55 50 45 40 35 30 25 20 ppm
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OAc OAc

NO: i WNO
Z NaOAc+3H,0 (2.0 equiv) aw 2
+ OEt >
N Br CH,Cly, 22 °C, 48 h COLEL
(o) 2
21b 23

dr>20:1
25
72% yield

(E)-Buta-1,3-dien-1-yl acetate 21b was prepared through a known literature procedure.?

To an oven-dried 500 mL round bottom flask equipped with a stir bar was added finely ground
NaOAc-3H,0 (43.1 g, 316.8 mmol, 2.0 equiv). The flask was evacuated and backfilled with No.
Subsequently, anhydrous CH,Cl, (244 mL), (E)-buta-1,3-dien-1-yl acetate 21b (26.6 g, 237.6
mmol, 1.5 equiv) and ethyl 2-bromo-3-nitropropanoate 23 (35.8 g, 158.4 mmol, 1.0 equiv) were
added. The reaction mixture was stirred at room temperature for 48 h until 23 was fully
consumed (monitored by TLC). The reaction mixture was filtered and the solid was washed with
CH,Cl, (100 mL). The combined CH.Cl; filtrate was washed with brine (100 mL) and dried
over Na,SO,4. After concentration in vacuo, the crude product was recrystallized from ethanol
(100 mL) to furnish the desired product 25 (29.3 g, 72%, dr >20:1, m.p. 75-76 °C).

QAC
A N0z
X

= CO,Et
(+)-Ethyl (1R,5R,6S)-5-acetoxy-6-nitrocyclohex-3-ene-1-carboxylate (25): IR vmax (neat)/cm™:
2979 (w), 1737 (s), 1559 (s), 1373 (m), 1226 (s), 1186 (s), 1027 (m), 924 (w); ‘H NMR (400
MHz, CDCl3) § 6.10-5.90 (m, 2H), 5.84-5.68 (m, 1H), 4.93 (dd, J = 12.1, 4.2 Hz, 1H), 4.32—
4.12 (m, 2H), 3.45 (td, J = 11.8, 6.2 Hz, 1H), 2.80-2.66 (m, 1H), 2.33-2.19 (m, 1H), 1.99 (s, 3H),
1.28 (t, J = 7.1 Hz, 3H); *C NMR (100 MHz, CDCls) & 172.4, 169.4, 131.2, 122.6, 83.3, 65.8,
61.6, 38.0, 28.9, 20.6, 14.1; LRMS (ESI, m/z): calcd for C11H1sNOgNa®, [M + Na'], 280.1,
found 280.1.

The stereochemistry of 25 was determined by NOE analysis: there is no NOE observed between
H. and H..
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OAc Amano Lipase from Pseudomonas OH OAc

s WNO, fluorescens (50 wt. %) NO, . WNO,
Q buffer (pH = 6.0) . Q
CO,Et H,O/EtOH (10:1) “/CO,Et CO,Et

c=0.16 M

25 22°C, 26 h (-)-26 (+)-25
48% yield 44% yield
>99% ee 98% ee

To a 100 mL round bottom flask were added Amano Lipase from Pseudomonas fluorescens (1.0
g, 50 wt. %), 25 (2.0 g, 7.8 mmol, 1.0 equiv), aqueous citric acid—Na,HPO, buffer (44.2 mL, pH
=6.0, ¢ =0.037 M) and ethanol (4.4 mL). The mixture was stirred at room temperature for 26 h.
EtOAc (30 mL) was added to dilute the reaction. The organic phase was separated from the
aqueous phase and the aqueous phase was further extracted with EtOAc (30 mLx4). The
combined organic phase was washed with brine (30 mL) and dried over Na,SO,. After
concentration in vacuo, the residue was purified through column chromatography
(hexanes/EtOAc: from 50:1 to 2:1) to afford the hydrolyzed product (-)-26 as colorless oil (804
mg, 48% yield, >99% ee) along with the enantio-enriched starting material (+)-25 (880 mg, 44%
yield, 98% ee), which was further purified by recrystallization from ethanol (10 mL) to furnish
the enantio-enriched starting material (+)-25 as a white solid (800 mg, 40% yield, >99% ee, m.p.
75-76 °C).

OH
i _NO,
“/CO,Et
(-)-26

Ethyl (1R,5R,6S)-5-hydroxy-6-nitrocyclohex-3-ene-1-carboxylate ((-)-26): [a]p?° = —294.5°
(c 1.03, CHCls). IR vmax (neat)/cm™: 3442 (br), 2983 (w), 2930 (w), 1726 (s), 1551 (s), 1379 (m),
961 (s); H NMR (400 MHz, CDCls) § 5.96-5.89 (m, 2H), 4.83 (dd, J = 11.6, 4.0 Hz, 1H),
4.81-4.76 (m, 1H), 4.27-4.14 (m, 2H), 3.38 (td, J = 11.5, 6.0 Hz, 1H), 2.67 (ddd, J = 18.4, 6.0,
3.9 Hz, 1H), 2.44 (d, J = 4.1 Hz, 1H), 2.27-2.14 (m, 1H), 1.26 (t, J = 7.1 Hz, 3H); “*C NMR
(100 MHz, CDCl3) 6 172.9, 129.5, 125.7, 86.1, 64.4, 61.5, 37.4, 29.0, 14.0; LRMS (ESI, m/z):
calcd for CgH13NOsNa*, [M + Na'], 238.1, found 238.1.
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OAc
2 wNO;

i NCO,Et

(+)-25

Ethyl (1S,5S,6R)-5-acetoxy-6-nitrocyclohex-3-ene-1-carboxylate ((+)-25): [a]p?® = +363.1 °
(c 1.18, CHCIy).

Note: (+)-25 is unstable under the HPLC separation conditions; therefore, ee analysis was

carried out after an additional step of acid hydrolysis.

OAc OH
O:\‘NO? H,SO, (3.0 M, 15 equiv) @\Noz
EtOH,c=01M
CO,Et 3650 1o CO,Et
(+)-25 (+)-26
93% yield

To a 100 mL round bottom flask were added (+)-25 (2.0 g, 7.8 mmol, 1.0 equiv), EtOH (39 mL)
and H,SO,4 (39 mL, 3.0 M, 116.7 mmol, 15 equiv). The mixture was stirred at 35 °C for 12 h.
EtOAc (50 mL) was added to dilute the reaction. The organic phase was separated from the
aqueous phase and the aqueous phase was further extracted with EtOAc (30 mLx3). The
combined organic phase was washed with brine (50 mL) and dried over Na,SO4. After
concentration in vacuo, the residue was purified through column chromatography
(hexanes/EtOAc: from 50:1 to 2:1) to afford the hydrolyzed product (+)-26 as colorless oil (1.56
g, 93% vyield).

OH

CO,Et

(+)-26

Ethyl (1S,5S,6R)-5-hydroxy-6-nitrocyclohex-3-ene-1-carboxylate ((+)-26): [a]p® = +294.5 °
(c 1.03, CHCI5).

The ee of compounds (-)-26 and (+)-26 were determined by Chiral HPLC analysis (Chiral AD-

H column, 10% isopropanol in hexanes, flow rate = 1.0 mL/min, UV detection at 210 nm). t;
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(compound (—)—26) = 13.4 min, >99% ee; t, (compound (+)—26) =17.6 min, 98% ee or >99% ee

(after recrystallization).

Racemic sample (£)-26

[ 1 *DAD1, Sig=210.00, 5.00 Ref=off, EXT of 042-0901.D

mAU 7 OH 8 u“*"\ 2 &
o B s
4003 | v‘f@ f ‘ﬁ"‘
3003 “CO,Et [ L\
200 (£)-26 [\ [\
100 1 \ [
oé—wJ\m—-—— — R \'—— — —
o 0 T R "% 25 0 35 min
Signal 3: DAD1l, S$ig=210.00, 5.00 Ref=off, EXT

Signal has been modified after loading from rawdata file!

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
=== | ———= === |- === |
1 13.386 MM 0.9294 3.64411e4 653.47168 50.2154
2 17.579 MM 1.2739 3.61284e4 472.65869 49.7846
Totals 7.25695e4  1126.13037
Enantio-enriched sample (-)-26 (>99% ee)
[ ] *DAD1, Sig=210.00, 5.00 Ref=off, EXT of 032-1301.D
mAU 3 oH § ‘\Q‘g,
600 NO e
5003 2 ‘ ‘@q,-
4003 ) A
3004 “CO,Et [
o s '\
Oéﬁ—r“’/ M N ‘__)‘ - xﬁ‘fi - — T
0 5‘) 1|0 ‘ 1‘5 ‘ ZIO 2‘5 o 3‘0 I 3|5 C ‘mir
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Signal 3: DAD1l, Sig=210.00, 5.00 Ref=off, EXT
Signal has been modified after loading from rawdata file!
Width Area Height Area
[min] [MAU*s] [mAU] %

0.9431 4.28798e4 757.81018 100.0000

Peak RetTime Type
¥ [min]

1 13.430 MM

Totals 4.28798e4 757.81018

Enantio-enriched sample (+)-26 (98% ee): hydrolysis product of (+)-25 (98% ee) that is
directly obtained after the kinetic resolution.

| *DAD1, Sig=210.00, 5.00 Ref=off, EXT of 022-0401.D

~
mAU OH ﬁ% n;\@t\
500 2 wNO, =R
W | Q,"}'
400 Q =
300 CO,Et &
200 (+)-26 g KON
100 | h s | \\
03~ ,_.\,_-‘ | _‘\-/ S S —— _ ———
T T T T T T I T
0 5 10 15 20 25 30 35 min

Signal 3: DAD1l, Sig=210.00, 5.00 Ref=off, EXT
Signal has been modified after loading from rawdata file!

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAT] %
e el [—————————= [-————————= [ ———————— |
1 13.490 MM 0.5214 413.07303 13.20412 0.8644
99.1356

2 17.687 MM 1.2403 4.73751le4d 636.60693

4.77881le4d 649.81106

Enantio-enriched sample (+)-26 (>99% ee): hydrolysis product of (+)-25 (>99% ee) that is

obtained after the recrystallization following the kinetic resolution.
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|| *DAD1, Sig=210.00, 5.00 Ref=off, EXT of 033-1501.D

mAU N
500 OH ;EE L
: NO, =
W | B
400 o o
300 I
CO,Et [
200 26 2 [\
+)— \
100 A N
4 v e .
\ T T T — \ \ \ \ \
0 5 10 15 20 25 30 35 min

Signal 3: DAD1, Sig=210.00, 5.00 Ref=off, EXT
Signal has been modified after loading from rawdata file!

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
=== e e | === | -————————- | ———————- |
1 17.696 MM 1.2481 4.31771e4 576.56738 100.0000

Totals : 4.31771ed 576.56738
oTBS OH
A NO2 H,80, (3.0 M, 10 equiv) A _-NO2
[::IT EtOH, c=0.15M "[::IT
24b ’ 35
92% vyield

To a 50 mL round bottom flask were added 24b (659 mg, 2.0 mmol, 1.0 equiv) and EtOH (6.7
mL), then aqueous H,SO, solution (6.7 mL, 3.0 M, 20.0 mmol, 10 equiv) was added. The
mixture was stirred at 28 °C for 10 h. EtOAc (15 mL) was added to dilute the reaction. The
organic phase was separated from the aqueous phase and the aqueous phase was further extracted
with EtOAc (10 mLx3). The combined organic phase was washed with brine (20 mL) and dried
over Na,SO..  After concentration in vacuo, the residue was purified through column
chromatography (hexanes/EtOAc: from 50:1 to 3:1) to afford the hydrolyzed product 35 as

colorless oil (396 mg, 92% vyield).

OH
NO,

: “'CO,Et

35
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(+)-Ethyl (1R,5S,6S)-5-hydroxy-6-nitrocyclohex-3-ene-1-carboxylate (35): IR vmax (neat)/cm™:
3456 (br), 1723 (s), 1550 (s), 1373 (m), 1297 (m), 1240 (s), 1186 (s), 1018 (s), 959 (M), 722 (m),
678 (s); 'H NMR (400 MHz, CDCls) & 5.79 (dtd, J = 6.9, 4.5, 2.1 Hz, 1H), 5.66 (ddd, J = 10.0,
3.4, 2.2 Hz, 1H), 4.72 (dd, J = 11.4, 8.5 Hz, 1H), 4.69-4.60 (m, 1H), 4.14 (q, J = 7.1 Hz, 2H),
3.29 (td, J = 11.3, 6.0 Hz, 1H), 3.17 (d, J = 6.0 Hz, 1H), 2.59 (dddd, J = 12.3, 6.3, 3.0, 1.4 Hz,
1H), 2.32 (dddd, J = 17.3, 11.2, 5.8, 2.8 Hz, 1H), 1.22 (t, J = 7.1 Hz, 3H); **C NMR (100 MHz,
CDCls) § 171.1, 128.0, 126.4, 89.0, 69.9, 61.7, 42.0, 28.0, 13.8; LRMS (ESI, m/z): calcd for
CoH13NOsNa*, [M + Na'], 238.1, found 238.1.

o TMSCI (1.5 equiv) QTMs

@\N% EtzN (1.5 equiv) @\NOZ
_—

CO,Et CHZCC”Z_’ 5235 2h CO,Et

(+)-26 ' 32

85% yield

To a flame-dried 50 mL round bottom flask was added (+)-26 (861 mg, 4.0 mmol, 1.0 equiv).
After the flask was evacuated and backfilled with N, twice, anhydrous CH,Cl, (13 mL) was
added via a syringe and the mixture was cooled down to 0 °C. Subsequently, Trimethylsilyl
chloride (0.76 mL, 6.0 mmol, 1.5 equiv) was added to the flask followed by Et;N (0.83 mL, 6.0
mmol, 1.5 equiv). The reaction mixture was stirred at 22 °C for 2 h until (+)-26 was fully
consumed (monitored by TLC). Saturated aqueous NH4ClI solution (5 mL) was added to quench
the reaction. The organic phase was separated from aqueous phase and the aqueous phase was
further extracted with CH,Cl, (10 mLx3). The combined organic phase was washed with brine
(20 mL) and dried over Na,SO,4. After concentration in vacuo, the residue was purified through
column chromatography (hexanes/EtOAc: from 100:1 to 10:1) to afford the desired product 32
as colorless oil (977 mg, 85% yield).

oTMS
A N0z
QCOZEt
32
Ethyl (1S,5S,6R)-6-nitro-5-((trimethylsilyl)oxy)cyclohex-3-ene-1-carboxylate (32): [a]p® =
+298.3° (c 1.03, CHCl5). TR vinax (neat)/cm™: 2961 (w), 2113 (w), 1732 (s), 1556 (s), 1380 (),
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1298 (m), 1253 (s), 1184 (s), 1085 (s), 954 (s), 841 (s), 747 (m):; ‘H NMR (400 MHz, CDCl3) &
5.84 (ddd, J = 9.8, 4.8, 2.0 Hz, 1H), 5.81-5.73 (m, 1H), 4.79-4.71 (m, 2H), 4.26-4.10 (m, 2H),
3.53-3.37 (m, 1H), 2.70-2.61 (m, 1H), 2.23-2.09 (m, 1H), 1.26 (t, J = 7.1 Hz, 3H), 0.07 (s, 9H);
3¢ NMR (100 MHz, CDCl3) 6 173.1, 128.1, 126.5, 86.1, 65.1, 61.2, 37.2, 29.1, 14.0, -0.1;
LRMS (ESI, m/z): calcd for C1,H2:NOsSiNa*, [M + Na'], 310.1, found 310.1.

Et
OH O)\Et

WNO; NH Et TIOH (0.4 equiv) WNO2
T ol C)J\O)\Et >

CO,Et 3 , CHyCl,, ¢=0.5M CO,Et
(22 equiv) 5AMS, 28 °C,22h

(+)-26 51 30
81% yield

Pentan-3-yl 2,2,2-trichloroacetimidate 51 was prepared through a known procedure.*

To an oven-dried 25 mL round bottom flask equipped with a stir bar were added (+)-26 (430 mg,
2.0 mmol, 1.0 equiv) and 5 A molecular sieves powder (500 mg). After the flask was evacuated
and backfilled with N twice, anhydrous CH,Cl, (4.0 mL) and freshly distilled pentan-3-yl 2,2,2-
trichloroacetimidate 51 (7.7 mL, 44 mmol, 22 equiv) were added. The reaction was cooled to
0 °C and TfOH (71 puL, 0.8 mmol, 0.4 equiv) was added. After the addition of TfOH, the
reaction mixture was warmed up to 28 °C and stirred at this temperature for 22 h until (+)-26
was fully consumed (monitored by TLC). The mixture was cooled to 0 °C, and EtsN (0.28 mL,
2.0 mmol, 1.0 equiv) in CH.Cl, (5 mL) was added to quench the reaction. The mixture was
filtered and the solid was washed with CH,Cl, (10 mLx4). The filtrate was concentrated in
vacuo and the residue was purified through column chromatography (hexanes/EtOAc: from
100:1 to 10:1) to afford the desired product 30 as colorless oil (462 mg, 81% yield).

Et

C_))\Et

CO,Et

30

Ethyl (1S,5S,6R)-6-nitro-5-(pentan-3-yloxy)cyclohex-3-ene-1-carboxylate (30): [o]o®® =
+306.4° (¢ 1.02, CHCIl3). IR vinax (neat)/cm™: 2966 (w), 2936 (w), 2878 (w), 1733 (s), 1557 (5),
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1463 (m), 1379 (s), 1298 (m), 1263 (m), 1184 (s), 1116 (m), 1077 (s), 1061 (s), 1032 (s), 978 (s),
913 (m), 731 (s); *H NMR (400 MHz, CDCls) & 5.94-5.78 (m, 2H), 4.76 (dd, J = 12.0, 4.2 Hz,
1H), 4.47 (t, J = 4.4 Hz, 1H), 4.22-4.08 (m, 2H), 3.51-3.37 (m, 1H), 3.27-3.16 (m, 1H), 2.70—
2.56 (M, 1H), 2.20-2.07 (m, 1H), 1.47-1.30 (m, 4H), 1.23 (t, J = 7.1 Hz, 3H), 0.79 (t, J = 7.4 Hz,
3H), 0.73 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCls) § 173.1, 128.6, 125.2, 85.0, 81.7,
69.2, 61.1, 37.5, 29.0, 26.3, 25.4, 13.9, 9.1, 9.0; LRMS (ESI, m/z): calcd for C14H,3NOsNa*, [M
+ Na'], 308.1, found 308.1.
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D. Iron-Catalyzed Stereoselective Diazidation of Highly Functionalized Substrates for
the Synthesis of 3-:2TsOH

a. Initial Attempts for the Direct Diazidation of a Chiral 1,4-Cyclohexadiene 17

OH OH
ANetNO2 ioH (1.2 equiv) A
—»
EtOH, c = 0.1 M
CO,Et 0°C 1h CO,Et
(+)-26 ’ 17
60% yield

To a flame-dried 50 mL round bottom flask were added (+)-26 (430 mg, 2.0 mmol, 1.0 equiv)
and EtOH (20 mL). After the vial was moved to ice-bath, LiOH (58 mg, 2.4 mmol, 1.2 equiv)
was added portion-wise and the mixture was stirred at 0 °C for 1 h until the starting material was
fully consumed (monitored by TLC). AcOH (23 uL, 0.4 mmol, 0.2 equiv) was added to quench
the reaction. EtOH was removed in vacuo, and the residue was diluted with EtOAc (10 mL) and
water (10 mL). The organic phase was separated from agueous phase and the aqueous phase was
further extracted with EtOAc (10 mLx2). The combined organic phase was dried over Na;SO,.
After concentration in vacuo, the residue was purified through column chromatography
(hexanes/EtOAc: from 30:1 to 3:1) to afford the desired product 17 as colorless oil (202 mg, 60%
yield).

H

: “CO,Et
17

Ethyl (S)-3-hydroxycyclohexa-1,4-diene-1-carboxylate (17): [a]p® = +10.2° (c 1.03, CHCl5);
IR vmax (neat)/cm™: 3438 (br), 2985 (w), 1724 (s), 1541 (s), 1355 (m), 950 (s); "H NMR (400
MHz, CDCls) 6 6.95 (dq, J = 3.6, 1.8 Hz, 1H), 5.95 (dtd, J = 10.1, 3.3, 1.4 Hz, 1H), 5.89-5.83
(m, 1H), 4.75-4.68 (m, 1H), 4.20 (q, J = 7.1 Hz, 2H), 2.97-2.89 (m, 1H), 2.80 (ddtd, J = 9.7, 5.1,
3.5, 1.9 Hz, 1H), 2.31 (br, 1H), 1.28 (t, J = 7.1 Hz, 3H); *C NMR (100 MHz, CDCls) & 166.6,
136.6, 129.6, 126.5, 126.2, 62.7, 60.7, 25.9, 14.1; LRMS (ESI, m/z): calcd for CgH1,03Na’, [M
+Na'], 191.1, found 191.1.

wmQ
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0O O,
T N
W N N 4y,
Me" ‘Me
Me L1 Me
Fe(OAc), (5 mol %) OH

L1(5 mol %)
@\ @[« TMSN, (4.0 equiv)
/
2 \  22°C,c=0.15M,2h COLEL
19a0H H,SO0,, 5 S1
12equiy 1eNad H2SOs Smin ooy g

2,6-Bis(4,4-dimethyl-4,5-dihydrooxazol-2-yl)pyridine L1 was prepared through a known

procedure.’

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OAc), (5.2
mg, 0.03 mmol, 5 mol %) and the ligand L1 (8.2 mg, 0.03 mmol, 5 mol %). After this vial was
evacuated and backfilled with N, twice, anhydrous CH,Cl, (0.6 mL) and MeCN (0.4 mL) were
added via syringes and the mixture was stirred at room temperature for 10 min. To a second
flame-dried sealable 2-dram vial (vial B) equipped with a stir bar was added 17 (101 mg, 0.6
mmol, 1.0 equiv) and benziodoxole 19a (190 mg, 0.72 mmol, 1.2 equiv). After this vial was
evacuated and backfilled with N, twice, anhydrous CH,Cl, (3 mL), and freshly distilled TMSNj3
(315 pL, 2.4 mmol, 4.0 equiv) were added to vial B via syringes. After the reaction mixture was
cooled to 0 °C, the catalyst solution in vial A was added to vial B drop-wise. Upon the
completion of addition, the mixture was warmed up to room temperature and stirred for
additional 2 h. The reaction was quenched with saturated NaHCO3 solution (2 mL), and the
organic phase was separated from the aqueous phase, which was further extracted with CH,Cl,
(2 mLx3), the combined organic layer was washed with aqueous H,SO4 (1 M, 3 mL), brine (3
mL) and dried over Na,SO,4. After concentration in vacuo, the residue was purified through
column chromatography (hexanes/EtOAc: from 30:1 to 5:1) to afford the product S1 as a white

solid (78 mg, 78% yield) which is a known compound.®

Safety Warning: Standard precautions with regard to handling TMSN3; should be taken during
the  reaction. For safely handling TMSNj3;, see the MSDS sheet at
http://www.sigmaaldrich.com/catalog/product/aldrich/155071
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Recent process safety accessement for the iron-catalyzed olefin diazidation demonstrated that
most diazides (C/N ratio > 1.5) are thermally stable and they do not decompose until 200 °C;’
however, they are moderately shock-sensitive: colorless diazides as liquid and foams turned
dark-black after Drop Weight Test.” Therefore, mechanical impact should be minimized during

product isolation and purification.
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b. Initial Attempts for the Direct Diazidation of Highly Functionalized Cyclic Allylic

Alcohols under the Standard Iron-Catalyzed Reaction Conditions

%I N Q
o N N o
Me Me

Me L1 Me
e(NTf,) 2 or Fe OAc); (5 mol %)
(5 mol %)

\NO
2 TMSN3 (3.6 equiv) COH
P CR,ClMeCN 201) ()25 *
I 2Ll2
() zscozEt 19a OH 22°C,¢=0.1M,2h :
1.2 equiv

OAC

fully

recovered 75% yield

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(NTf,), or
Fe(OAc); (0.02 mmol, 5 mol %) and L1 (5.5 mg, 0.02 mmol, 5 mol %). After the vial was
evacuated and backfilled with N, three times, anhydrous CH,Cl, (0.8 mL) and MeCN (0.2 mL)
were added via a syringe and the mixture was stirred at room temperature for 10 min. To
another flame-dried 3-dram vial (vial B) equipped with a stir bar were added (+)-25 (103 mg, 0.4
mmol, 1.0 equiv) and 19a (127 mg, 0.48 mmol, 1.2 equiv). This vial was evacuated and
backfilled with N, three times and anhydrous CH,Cl, (3.0 mL) was added. Both vials were
degassed with brief evacuation and backfilled with N, twice. Freshly distilled TMSN3 (189 pL,
1.44 mmol, 3.6 equiv) was added to vial B and followed by drop-wise addition of the catalyst
solution in vial A at room temperature. The reaction was kept at room temperature for 2 h and
TLC showed that no new spot was generated, then the reaction was quenched with saturated
NaHCO; solution (0.5 mL) and further diluted with CH,Cl, (5 mL). The mixture was stirred
vigorously for 10 min and filtered through a short silica gel pad. The filtrate was concentrated in
vacuo. The residue was subsequently purified through a silica gel flash column (hexanes/EtOAc:
from 100:1 to 3:1) to afford the starting material (+)-25 (100 mg, >95% recovered) and 2-
iodobenzoic acid (74 mg, 75% yield).
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Fe(NT,) (5 mol %)

OAc o L1 (5 mol %)
H \NO, o TMSN;3 (2.5 equiv)
oW ta, 7N i .
Q , Bu”O PrOH (1.2 equn/.) > ()25 + 20
CO,Et CHZCIQ/Me?N (4:1)
(+)-25 20 e e fully 95%
1.4 equiv =0 ’ recovered recovered

Note: Commercially available tert-butyl peroxybenzoate 20 (Luperox® P) is viscous liquid and
it should be vigorously degassed (purging by N, for 15 min) and used as stock solution in
CHCl,.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(NTf,), (31
mg, 0.05 mmol, 5 mol %) and L1 (14 mg, 0.05 mmol, 5 mol %). After this vial was evacuated
and backfilled with N, twice, anhydrous CH,Cl, (0.6 mL) and MeCN (0.3 mL) were added via
syringes and the mixture was stirred at room temperature for 10 min. A second flame-dried
sealable 3-dram vial (vial B) equipped with a stir bar was evacuated and backfilled with N twice.
tert-Butyl peroxybenzoate 20 (Luperox® P, 272 mg, 1.4 mmol, 1.4 equiv) in anhydrous CH,Cl,
(0.7 mL, c = 2.0 M) was added to vial B. Both solutions in vial A and vial B were degassed with
brief evacuation and then backfilling with N,. (+)-25 (257 mg, 1.0 mmol, 1.0 equiv), 'PrOH (92
uL, 1.2 mmol, 1.2 equiv) and freshly opened TMSN3; (328 pL, 2.5 mmol, 2.5 equiv) were added
to vial B at 0 °C. Subsequently, the catalyst solution in vial A was added to vial B using a
syringe pump within 20 min. The reaction mixture was warmed up to 22 °C and kept stirring for
5 h and TLC showed that no new spot was generated. The reaction was quenched with saturated
NaHCOg solution (2 mL), the organic phase was separated from the aqueous phase, which was
further extracted with CH,Cl, (2 mLx3), the combined organic layer was washed with brine (3
mL), and dried over Na,SO,4. After concentration in vacuo, the residue was purified through
column chromatography to afford the starting material (+)-25 (249 mg, >95% recovered) and 20
(258 mg, >95% recovered).
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c. Reinvented Iron-Catalyzed Diazidation with Benziodoxole that is Effective for
Highly Functionalized (+)-25

Fe(OAc (5 mol %)

Qhc O, @ moI % Ny CO,Et Ny CO,Et
O\ C[« TMSN3 (5.0 equiv) Np# . oszﬁN3
CO,Et |’ CH,Cl,/MeCN (10:1)
(.25 19a by 22°C.c=08M,10h  AcO 7, Ng ACO 71
2.0 equiv dr. 7.4:1 72% yield 10% yield

To a flame-dried 250 mL round bottom flask equipped with a stir bar were added Fe(OAc), (169
mg, 0.97 mmol, 5 mol %), L1 (265 mg, 0.97 mmol, 5 mol %), (+)-25 (5.0 g, 19.44 mmol, 1.0
equiv) and benziodoxole 19a (10.3 g, 38.9 mmol, 2.0 equiv). After the flask was evacuated and
backfilled with N, three times, anhydrous CH,Cl, (20 mL) and MeCN (2.0 mL) were added via
syringes and the mixture was stirred at room temperature for 10 min. Subsequently, freshly
opened TMSN3; (12.8 mL, 97.2 mmol, 5.0 equiv) was added to the flask at room temperature
within 8 h using a syringe pump. The reaction mixture was stirred for additional 2 h until (+)-25
was fully consumed (monitored by TLC). The reaction was carefully quenched with saturated
NaHCOs; solution (50 mL) to remove any residual hydrazoic acid and further diluted with Et,O
(160 mL), the resulting suspension was stirred vigorously for 10 min. The mixture was filtered
and the solid was washed with Et,O (20 mLx2). The combined filtrate was washed with
saturated NaHCO3 solution (100 mL), brine (100 mL) and dried over Na,SO,4. The mixture was
filtered through a silica gel pad (ca. 6 cm long x 6 cm diameter) and the pad was washed with
ether (100 mLx3). After concentration in vacuo, the crude diazidation product 27a and the other
diastereomer 27b were obtained as a yellow solid, which could be used in the next step without
further purification. The crude yield and dr value were obtained by quantitative *H NMR
experiment using 1,3,5-trimethylbenzene as an internal standard (85% NMR vyield, dr: 7.4:1).
For characterization purposes, the crude product was purified through column chromatography
(hexanes/EtOAc: from 20:1 to 6:1) to afford the desired product 27a as a white solid (4.78 g, 72%
yield) along with the undesired diazidation product 27b (0.66 g, 10% yield) as yellow oil.

Safety Warning: Standard precautions with regard to handling TMSN; should be taken during
the  reaction. For safely handling TMSN; see the MSDS sheet at
http://www.sigmaaldrich.com/catalog/product/aldrich/155071
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Recent process safety accessement for the iron-catalyzed olefin diazidation demonstrated that
most diazides (C/N ratio > 1.5) are thermally stable and they do not decompose until 200 °C;’
however, they are moderately shock-sensitive: colorless diazides as liquid and foams turned
dark-black after Drop Weight Test.” Therefore, mechanical impact should be minimized during

product isolation and purification.

N; CO,Et
O,N

AcO 27a N3

Ethyl  (1S,2R,3S,4R,5S)-3-acetoxy-4,5-diazido-2-nitrocyclohexane-1-carboxylate  (27a):
[a]o?® = —6.4° (¢ 1.13, CHCIl3). IR vmax (neat)/cm™: 2966 (w), 2098 (s), 1748 (s), 1727 (s), 1557
(s), 1383 (m), 1232 (s), 1189 (s), 1042 (m), 1024 (m); *H NMR (400 MHz, CDCls) § 5.34 (dd, J
= 6.8, 4.3 Hz, 1H), 5.23 (dd, J = 6.7, 4.3 Hz, 1H), 4.32-4.16 (m, 3H), 3.68 (q, J = 6.1 Hz, 1H),
3.46 (q, J = 6.4 Hz, 1H), 2.21 (t, J = 6.1 Hz, 2H), 2.12 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H); C
NMR (100 MHz, CDCl3) & 170.2, 169.4, 81.8, 69.6, 62.4, 60.9, 57.8, 39.0, 27.4, 20.5, 14.0;
LRMS (ESI, m/z): calcd for C11H1sN;O¢Na”*, [M + Na'], 364.1, found 364.1.

The stereochemistry of compound 27a was determined by X-ray crystallographic analysis.
(Figure S1)

N; CO,Et
O,N

AcO 27a N3

Figure S1. The X-ray Crystal Structure of ethyl (1S,2R,3S,4R,5S)-3-acetoxy-4,5-diazido-2-
nitrocyclohexane-1-carboxylate 27a
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N; CO,Et
O,N Ns

AcO 27b

Ethyl (1S,2R,3S,4R,5R)-3-acetoxy-4,5-diazido-2-nitrocyclohexane-1-carboxylate  (27b):
[a]p?® = —12.4° (c 1.05, CHCl3). IR vimax (neat)/cm™: 2967 (w), 2097 (s), 1746 (s), 1728 (s), 1557
(s), 1383 (m), 1232 (s), 1190 (s), 1045 (m), 1022 (m), 942 (m); *H NMR (400 MHz, benzene-ds)
§5.62 (t, J = 3.6 Hz, 1H), 4.96 (dd, J = 11.1, 2.7 Hz, 1H), 3.95-3.84 (m, 2H), 3.35-3.29 (m, 1H),
3.08 (td, J = 12.3, 4.3 Hz, 1H), 2.99-2.88 (m, 1H), 1.76-1.72 (m, 1H), 1.62-1.49 (m, 1H), 1.42
(s, 3H), 0.90 (t, J = 6.8 Hz, 3H); *C NMR (100 MHz, benzene-ds) & 170.2, 167.6, 80.7, 69.6,
61.5, 60.6, 56.5, 39.7, 26.2, 19.4, 13.6; LRMS (ESI, m/z): calcd for C11H1sN;O¢Na*, [M + Na'],
364.1, found 364.1.

The full assignment of 'H NMR of 27b was carried out through *H-"H COSY analysis: there are

strong correlations between He and Hs/Hy,, He and Hy, as well as Hg and H..
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The stereochemistry of 27b was determined by NOE analysis: there is a strong NOE between H,
and He; however, there is no NOE observed either between Hy and Hs, or between Hq and Hy,.

N3 h
strd.ng NOE
AcO v. He 9bserved
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Fe(NTfs)s (5 mol %)
OA 2)2
£he o o] L1 (5 mol %) N3 CO,Et N3 CO,Et
W 2 .
@ . o __TMSN; (5.0 equiv) _ O,N . ON Ns
CO,E I’ CHyCly/MeCN (10:1)
(+)-25 19a E)H 22°C,c=08M,10h  AcO 57, N3 AcO  57p
2.0 equiv dr. 4.2:1 50% yield 12% yield

To a flame-dried sealable 2-dram vial equipped with a stir bar were added Fe(NTf,), (30.8 mg,
0.05 mmol, 5 mol %), L1 (13.7 mg, 0.05 mmol, 5 mol %), (+)-25 (257 mg, 1.0 mmol, 1.0 equiv)
and benziodoxole 19a (528 mg, 2.0 mmol, 2.0 equiv). After the flask was evacuated and
backfilled with N, three times, anhydrous CH,Cl, (1.1 mL) and MeCN (0.11 mL) were added via
syringes and the mixture was stirred at room temperature for 10 min. Subsequently, freshly
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opened TMSN3 (656 uL, 5.0 mmol, 5.0 equiv) was added to the flask at room temperature within
8 h using a syringe pump. The reaction mixture was stirred for additional 2 h until (+)-25 was
fully consumed (monitored by TLC). The reaction was carefully quenched with saturated
NaHCOs; solution (3 mL) to remove any residual hydrazoic acid and further diluted with Et,O (8
mL), the resulting suspension was stirred vigorously for 10 min. The mixture was filtered and
the solid was washed with Et,0 (5 mLx2). The combined filtrate was washed with saturated
NaHCOg; solution (10 mL), brine (10 mL) and dried over Na;SO,4. After concentration in vacuo,
the residue was purified through column chromatography (hexanes/EtOAc: from 100:1 to 10:1)
to afford the desired diazidation product 27a as white foam (171 mg, 50% yield) along with the
other diastereomer 27b as colorless oil (41 mg, 12% yield).
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d. Reinvented lIron-Catalyzed Diazidation with Peroxyesters that is Effective for

Highly Functionalized (+)-25
= 0
g8
L2

OAc o Fe(NTf5), (10 mol %)
i NO, o (£)-L2 (10 mol %) N3 CO.Et N3 CO.Et
@; . By \O)t© + TMSN, _PrOH (02 equiv) OZNF# . omﬁﬂ,\,3
CO,E | CH,Cl,/MeCN (9:1)
-25°Cto22°C AcO N3 AcO
(+)—25 50 c=05M,12h 27a 27b
2.5 equiv 3.5 equiv dr 4.8:1 71% yield 15% vyield

tert-Butyl 2-iodobenzoperoxoate 50 and L2 were prepared through a known procedure.?

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(NTf,), (62
mg, 0.1 mmol, 10 mol %) and ligand (x)-L2 (24 mg, 0.1 mmol, 10 mol %). After this vial was
evacuated and backfilled with N, twice, anhydrous CH,Cl, (0.6 mL) and MeCN (0.2 mL) were
added via syringes and the mixture was stirred at room temperature for 10 min. To a second
flame-dried sealable 2-dram vial (vial B) equipped with a stir bar was added (+)-25 (257 mg, 1.0
mmol, 1.0 equiv) and tert-butyl 2-iodobenzoperoxoate 50 (800 mg, 2.5 mmol, 2.5 equiv). After
this vial was evacuated and backfilled with N, twice, anhydrous CH,CI, (1.2 mL), isopropanol
(15 pL, 0.2 mmol, 0.2 equiv) and freshly distilled TMSN3 (460 uL, 3.5 mmol, 3.5 equiv) were
added to vial B via syringes. After the reaction mixture was cooled to —25 °C, the catalyst
solution in vial A was added to vial B using a syringe pump within 0.5 h. Then the reaction
mixture was warmed up to 22 °C and kept stirring for 12 h. CH,Cl, (4 mL) and saturated
NaHCOg3 solution (3 mL) were added to quench the reaction and to remove any residual
hydrazoic acid. The organic phase was separated from the aqueous phase, and it was washed
with saturated Na,COj solution (2 mL), brine (2 mL), and dried over Na,SO,.  After
concentration in vacuo, the dr was obtained by quantitative ‘H NMR experiment using 1,3,5-
trimethylbenzene as an internal standard (88% NMR vyield, dr: 4.8:1). The crude product was
purified through column chromatography (hexanes/EtOAc: from 20:1 to 6:1) to afford the
desired pure product 27a as white foam (243 mg, 71% yield) along with the other diastereomer
27b as yellow oil (51 mg, 15% yield).
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Note: no significant match/mismatch effect was observed when (+)-25 and (—)-25 were used

during the iron-catalyzed diazidation using chiral ligand L2.

— O
/ \Y

SpRe
L2

OAc Fe(NTfs), (10 mol %)
H NO o L2 (10 mol %) N3 CO»Et N3 CO,Et
wNOz /O\O)D IPrOH (0.2 equiv) p# pﬁ
Q + 'Bu + TMSN, » OoN , ON Ny
COLEt | CH,Cl,/MeCN (9:1)
-25°Ct022°C AcO N3 AcO
(+)-25 50 c=0.5M,12h 27a 27b
2.5 equiv 3.5 equiv dr 4.9:1 72% yield 15% yield
— 0
D
L2
Fe(NTf,), (10 mol %)
Qhe NO, o Q L2 (10 mol %) EtO,C_ Ns EtO,C Ns
By~ \o)‘/\© + TMSN, _ProH (0.2 equiv) > NO, + NO,
Co,Et | CH,Cl,/MeCN (9:1) 3
—25°Ct022°C N; AcO AcO
(-)-25 50 c=05M,12h (-)-27a (-)-27b
2.5 equiv 3.5 equiv dr: 4.6:1 70% vyield 15% yield
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e. Synthesis of 3-:2TsOH from the Olefin Diazidation Product

1) MsOH (3.0 equiv) OH PhP (2.3 equiv) o @M
N3 COEt "EtOH,c=06M N H H,0 (10 equiv) o H3N
O.N 55°C,7h 3\@ THF, 220,80 (1), @U\
2) LIOH*H,0 (4.5 equiv) CO.Et then TSOH (2.5 equiv) HaN COzEt
AcO 27a N3 EtOH,c=0.1 M 3 o 2 3.2TsOH
0°C, 30 min 82% yield over two steps 85% vyield

To an oven-dried 250 mL round bottom flask was added the diazidation product 27a (4.9 g, 14.4
mmol, 1.0 equiv). After the flask was evacuated and backfilled with N, twice, EtOH (24 mL)
and methanesulfonic acid (2.81 mL, 43.2 mmol, 3.0 equiv) were added via syringes. The
mixture was warmed up to 55 °C and stirred at this temperature for 7 h until the starting material
was fully consumed (monitored by TLC). The reaction mixture was moved to ice-bath and
diluted with EtOH (120 mL). Subsequently, LiOH-H,O (2.72 g, 64.8 mmol, 4.5 equiv) was
added portion-wise and the mixture was stirred at 0 °C for additional 30 min until the
intermediate was consumed (monitored by NMR). AcOH (1.24 mL, 21.6 mmol, 1.5 equiv) was
added to quench the reaction. EtOH was removed in vacuo, and the residue was diluted with
EtOAc (50 mL) and water. The organic phase was separated from aqueous phase and the
aqueous phase was further extracted with EtOAc (50 mLx2). The combined organic phase was
dried over Na,SO,4. After concentration in vacuo, the residue was purified through column
chromatography (hexanes/EtOAc: from 30:1 to 3:1) to afford the desired product 28 as yellow
oil (2.99 g, 82% yield over two steps).

OH

N CO,Et

28

Ethyl (3R,4R,5S)-4,5-diazido-3-hydroxycyclohex-1-ene-1-carboxylate (28): [o]o®® = —102° (c
0.75, CHCl3). IR vima (neat)/cm™: 3435 (br), 2981 (w), 2103 (s), 1704 (m), 1656 (w), 1250 (s),
1089 (m), 1043 (m), 981 (w); *H NMR (400 MHz, CDCls) & 6.77 (s, 1H), 4.33-4.28 (m, 1H),
4.24 (q, J = 7.1 Hz, 2H), 3.60 (td, J = 10.2, 5.9 Hz, 1H), 3.48-3.40 (m, 1H), 2.93 (dd, J = 18.1,
5.8 Hz, 1H), 2.58-2.57 (m, 1H), 2.39-2.29 (m, 1H), 1.31 (t, J = 7.1 Hz, 3H); *C NMR (100
MHz, CDCl3) 6 165.6, 137.8, 128.5, 70.8, 68.2, 61.5, 59.6, 30.1, 14.1; LRMS (ESI, m/z): calcd
for CgH12NsO3Na™, [M + Na'], 275.1, found 275.1.
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To a 100 mL round bottom flask with a stir bar was added 28 (2.99 g, 11.9 mmol, 1.0 equiv).
After the flask was evacuated and backfilled with N, twice, THF (50 mL) and H,O (2.1 mL,
118.6 mmol, 10 equiv) were added via syringes. Subsequently, PhsP (7.15 g, 27.3 mmol, 2.3
equiv) in THF (20 mL) was added drop-wise to the reaction at 0 °C. The reaction mixture was
warmed up to room temperature and stirred for 8 h (monitored by IR until the absorption of
azido groups disappeared). The mixture was then concentrated in vacuo and the residue was
further dissolved in Et,O (30 mL). This solution was added drop-wise to another solution of
TsOH-H,0 (5.6 g, 29.7 mmol, 2.5 equiv) in Et,O (60 mL). The reaction was kept stirring for 1 h
and the white precipitate was collected by filtration, washed with Et,0 (10 mLx3) and dried in
vacuo. The diaminium product 3-2TsOH was obtained as a white solid (5.5 g, 85% yield, m.p.
220-222 °C).

@ 9

HaNal A~
)
(Ts0), @:O\
H3N CO,Et

3-2TsOH

Ethyl (3R,4R,5S)-4,5-diamino-3-hydroxycyclohex-1-ene-1-carboxylate (3-2TsOH): [o]o® =
+2.1° (¢ 1.05, CHCIl5). IR vmax (neat)/cm™: 3328 (br), 2861 (br), 1721 (m), 1536 (m), 1250 (m),
1195 (s), 1162 (s), 1123 (s), 1034 (s), 1009 (s), 808 (s), 684 (s); H NMR (400 MHz, D,0) &
7.56 (d, J = 8.1 Hz, 4H), 7.24 (d, J = 8.0 Hz, 4H), 6.74 (s, 1H), 4.45 (d, J = 6.5 Hz, 1H), 4.13 (q,
J=7.1Hz, 2H), 3.79 (td, J = 9.4, 6.0 Hz, 1H), 3.44 (dd, J = 10.0, 8.2 Hz, 1H), 2.86 (dd, J = 17.9,
5.9 Hz, 1H), 2.49 (dd, J = 18.0, 8.8 Hz, 1H), 2.27 (s, 6H), 1.17 (t, J = 7.1 Hz, 3H); “*C NMR
(100 MHz, D,0) 6 166.8, 142.5, 139.4, 137.0, 129.4, 127.3, 125.3, 66.6, 62.5, 53.9, 46.7, 27.4,
20.5, 13.2; LRMS (ESI, m/z): calcd for CoH17N,O3", [M — 2TsOH + H], 201.1, found 201.1.
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E. Safety Assessment of the Olefin Diazidation Product Using Differential Scanning
Calorimetry (DSC) and Drop Weight Test (DWT)
a. Differential Scanning Calorimetry (DSC)

The DSC measurements were performed in a Mettler 821e using 40 pL aluminum punctured
crucibles under nitrogen atmosphere or 60 uL high pressure (gold-plated) steel crucibles under

air atmosphere. All measurements were carried out at a heating rate of 5 K/min.

971
45 N
] N; CO,Et
] 03N
40 2
AcO N
35 27a "3
30
25
20
15 |
10 ] Integral -335.89 mJ Integral 5718.23 mJ
normalized -90.00 Jg~-1 normalized 1532.22 Jg™-1
Onset 67.90 °C Onset 189.44 °C
5] peak 69.51 °C Peak 196.77 °C
b Left Limit 59.60 °C Left Limit 153.86 °C
Right Limit 76.92 °C Right Limit 207.62 °C
0 I
5]
T T T T T T T T T T T T T )
40 60 80 100 120 140 160 180 200 220 240 260 280 °C

Figure S2. DSC Heating Curve of Diazide 27a in Aluminum Pan

The diazide 27a is stable towards the DSC (heating rate = 5K/min) under 160 °C. It melts around
69 °C and starts to decompose at 189 °C.

Given the high energy released above 189 °C, careful handling of 27a at room temperature is

strongly recommended.

b. Mechanical Impact Sensitivity
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The Fall Hammer Test (Drop Hammer) designed to determine the sensitivity of potentially high
explosive compounds was carried out in accordance to the UN Recommendation on the
Transport of Dangerous Goods, Manual of Tests and Criteria—Test 3 (a) (ii) as well as EN
13631-4.

The limiting impact energy is determined as the lowest energy at which a flash, flame, or
explosion is observed. The test is used to assess the sensitivity of the test material to drop-

weight impact.

The determination of the sensitivity to impact stimuli is one of the most important characteristics
of energetic materials such as the diazides, which can be heat and shock-sensitive and can
explosively decompose with little input of external energy. This determination is necessary to
evaluate their safety in handling, processing or transportation. The tested substances were
analyzed by dropping 5 Kg from 0.80 m height, i.e., 400 Kgxcm (40 Newton).

The diazide 27a is stable towards DWT, while the colorless crystalline solid turns to white

powder.
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F. Substrate Structure—Diazidation Stereoselectivity Relationship Studies

Et

OAc)g (5 mol %)
N; CO,Et N; CO,Et

\NOZ (5 mol %)
TMSN
S 3 (5.0 equiv) » OoN . ON Ny
CO Et / CH,Cly/MeCN (10:1)
2
19a OH 22°C, g’r 20281M 10h RO 31aNs RO 31b
1.0 equiv 2.0 equiv 57% yield 28% yield

R: 3-pentyl

To a flame-dried sealable 2-dram vial equipped with a stir bar were added Fe(OAc), (8.7 mg,
0.05 mmol, 5 mol %), L1 (13.7 mg, 0.05 mmol, 5 mol %), 30 (285 mg, 1.0 mmol, 1.0 equiv) and
benziodoxole 19a (528 mg, 2.0 mmol, 2.0 equiv). After the flask was evacuated and backfilled
with N, three times, anhydrous CH,Cl, (1.1 mL) and MeCN (0.11 mL) were added via syringes
and the mixture was stirred at room temperature for 10 min. Subsequently, freshly opened
TMSN3 (656 pL, 5.0 mmol, 5.0 equiv) was added to the flask at room temperature within 8 h
using a syringe pump. The reaction mixture was stirred for additional 2 h until 30 was fully
consumed (monitored by TLC). The reaction was carefully quenched with saturated NaHCO3
solution (3 mL) to remove any residual hydrazoic acid and further diluted with Et,O (8 mL), the
resulting suspension was stirred vigorously for 10 min. The mixture was filtered and the solid
was washed with Et,O (5 mLx2). The combined filtrate was washed with saturated NaHCOj3
solution (10 mL), brine (10 mL) and dried over Na,SO,. After concentration in vacuo, the dr
was obtained by quantitative *H NMR experiment using 1,3,5-trimethylbenzene as an internal
standard (87% NMR vyield, dr: 2.2:1). The crude product was purified through column
chromatography (hexanes/EtOAc: from 100:1 to 10:1) to afford the desired diazidation product
31a as colorless oil (211 mg, 57% yield) along with the other diastereomer 31b as colorless oil
(103 mg, 28% yield).

N; CO,Et
O,N

RO 31a N,
R: 3-pentyl

Ethyl  (1S,2R,3S,4R,55)-4,5-diazido-2-nitro-3-(pentan-3-yloxy)cyclohexane-1-carboxylate
(31a): [a]p™® = +4.3° (¢ 1.20, CHCl3). IR vpax (neat)/cm™: 2970 (w), 2941 (w), 2881 (w), 2105
(s), 1731 (s), 1558 (s), 1448 (m), 1375 (m), 1264 (s), 1191 (s), 1094 (s), 1020 (m), 736 (s); *
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NMR (400 MHz, CDCl3)  5.17 (dd, J = 5.6, 4.4 Hz, 1H), 4.28-4.18 (m, 2H), 4.06 (t, J = 7.2 Hz,
1H), 3.98 (dd, J = 7.1, 4.3 Hz, 1H), 3.46 (dd, J = 13.2, 7.0 Hz, 1H), 3.42-3.32 (m, 2H), 2.23—
2.13 (m, 2H), 1.66-1.54 (m, 2H), 1.53-1.41 (m, 2H), 1.30 (t, J = 7.1 Hz, 3H), 0.90 (t, J = 7.5 Hz,
3H), 0.82 (t, J = 7.4 Hz, 3H); C NMR (100 MHz, CDCls) § 170.7, 83.3, 82.8, 74.1, 63.4, 62.2,
58.1, 39.3, 27.4, 25.1, 24.9, 14.0, 8.9, 8.8; LRMS (ESI, m/z): calcd for C14H23N;OsNa”, [M +
Na'], 392.2, found 392.2.

N; CO,Et

ro 31b
R: 3-pentyl

Ethyl (1S,2R,3S,4R,5R)-4,5-diazido-2-nitro-3-(pentan-3-yloxy)cyclohexane-1-carboxylate
(31b): [a]p® = —45.1° (¢ 1.13, CHClg). IR vmax (neatyicm™: 2971 (w), 2937 (w), 2879 (w), 2105
(s), 1733 (s), 1558 (s), 1462 (m), 1377 (m), 1293 (m), 1266 (s), 1248 (s), 1186 (s), 1093 (s), 991
(m), 737 (s); *H NMR (400 MHz, CDCls) & 4.87 (dd, J = 11.5, 3.1 Hz, 1H), 4.39 (t, J = 3.6 Hz,
1H), 4.27-4.12 (m, 2H), 4.00-3.94 (m, 1H), 3.93-3.91 (m, 1H), 3.39 (ddd, J = 13.2, 11.5, 4.3 Hz,
1H), 3.22 (quint, J = 5.7 Hz, 1H), 2.26 (dtd, J = 12.8, 4.3, 1.3 Hz, 1H), 1.94-1.84 (m, 1H), 1.53-
1.42 (m, 2H), 1.41-1.32 (m, 2H), 1.28 (t, J = 7.1 Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H), 0.74 (t, J =
7.4 Hz, 3H); *C NMR (100 MHz, CDCls) 6 171.3, 83.5, 82.0, 75.4, 62.4, 61.7, 56.7, 39.2, 26.5,
25.8, 24.9, 14.0, 9.6, 8.7; LRMS (ESI, m/z): calcd for C14H23N,OsNa”*, [M + Na'], 392.2, found
392.2.

The full assignment of *H NMR of 31b was carried out through *H-'H COSY NMR analysis:

there are strong correlations between He and Hs,, He and Hg, as well as Hq and He. (See below)

H
31b
R': CO,Et, R?: 3-pentyl
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The stereochemistry of 31b was determined by NOE analysis: there is strong NOE observed
between H, and He. However, no NOE is observed either between Hq and Hs, or Hq and Hp. (See

below)
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X
Ny COEt . Q" H
0N LiOH (2.0 equiv) N4 -
EtOH,c=0.1M .
0 °C, 30 min Ng" CO,Et
RO 31a N3 ° 52 z
R: 3-pentyl 92% vyield

To a 25 mL round bottom flask were added the diazidation product 31a (200 mg, 0.54 mmol, 1.0
equiv) and EtOH (5.4 mL). After the flask was moved to ice-bath, LiOH (26 mg, 1.08 mmol, 2.0
equiv) was added portion-wise and the mixture was stirred at 0 °C for 30 min until the starting
material 31a was fully consumed (monitored by TLC). AcOH (31 pL, 0.54 mmol, 1.0 equiv)
was added to quench the reaction. EtOH was removed in vacuo, and the residue was diluted

with EtOAc (8 mL) and water (8 mL). The organic phase was separated from aqueous phase and



the aqueous phase was further extracted with EtOAc (8 mLx2). The combined organic phase
was dried over Na,SO.. After concentration in vacuo, the residue was purified through column
chromatography (hexanes/EtOAc: from 30:1 to 3:1) to afford the desired product 52 as yellow
oil (160 mg, 92% yield).

Et
Et

Q)\
N CO,Et
52

Ethyl (3R,4R,5S)-4,5-diazido-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxylate (52): [a]p® =
~140.2° (¢ 1.00, CHCI3). IR vina (neat)/cm™: 2970 (w), 2937 (w), 2878 (w), 2103 (s), 1714 (s),
1464 (w), 1368 (W), 1248 (s), 1089 (m), 1057 (s), 984 (W), 734 (s); *H NMR (400 MHz, CDCls)
8 6.76-6.74 (m, 1H), 4.22 (q, J = 7.2 Hz, 2H), 4.00 (ddd, J = 7.7, 3.7, 1.9 Hz, 1H), 3.50-3.37 (m,
3H), 2.92-2.84 (m, 1H), 2.32-2.17 (m, 1H), 1.66-1.49 (m, 4H), 1.30 (t, J = 7.2 Hz, 3H), 0.95 (t,
J = 7.6 Hz, 3H), 0.93 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl;) & 165.4, 136.8, 128.2,
82.3, 76.3, 67.6, 61.2, 59.7, 30.2, 26.3, 25.5, 14.2, 9.5, 9.4; LRMS (ESI, m/z): calcd for
C14H22NgO3Na"*, [M + Na'], 345.2, found 345.2.

Et
Q™ “Et
N COEL | ion (2.0 equivz NS
OaN N3  EtOH,c=0.1M :O\
0 °C, 30 min NP CO,Et
RO 31b s2
R: 3-pentyl 91% yield

To a flame-dried sealable 2-dram vial equipped with a stir bar were added the diazidation
product 31b (100 mg, 0.27 mmol, 1.0 equiv) and EtOH (2.7 mL). After the vial was moved to
ice-bath, LiOH (13 mg, 0.54 mmol, 2.0 equiv) was added portion-wise and the mixture was
stirred at 0 °C for 30 min until the starting material 31b was fully consumed (monitored by TLC).
AcOH (16 puL, 0.27 mmol, 1.0 equiv) was added to quench the reaction. EtOH was removed in
vacuo, and the residue was diluted with EtOAc (5 mL) and water (5 mL). The organic phase was

separated from aqueous phase and the aqueous phase was further extracted with EtOAc (5
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mLx2). The combined organic phase was dried over Na,SO,4. After concentration in vacuo, the
residue was purified through column chromatography (hexanes/EtOAc: from 30:1 to 3:1) to

afford the desired product S2 as colorless oil (79 mg, 91% vyield).

Et
Et

Q)\
N3 CO,Et
s2

Ethyl (3R,4R,5R)-4,5-diazido-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxylate (S2): [a]po® =
~107.1° (¢ 1.00, CHCl). IR vmax (neat)em™: 2971 (w), 2935 (w), 2878 (w), 2101 (s), 1714 (s),
1653 (), 1463 (), 1253 (s), 1232 (5), 1098 (5), 1054 (s), 952 (M), 756 (5); *H NMR (400 MHz,
CDCls) 6 6.81 (dt, J =3.4, 1.7 Hz, 1H), 4.22 (q, J = 7.1 Hz, 2H), 4.16-4.09 (m, 1H), 4.01 (ddd, J
= 6.1, 5.0, 2.5 Hz, 1H), 3.71 (dt, J = 8.1, 4.1 Hz, 1H), 3.41 (quint, J = 5.8 Hz, 1H), 2.74-2.65 (m,
1H), 2.57 (ddt, J = 18.3, 6.1, 1.4 Hz, 1H), 1.63-1.51 (m, 4H), 1.30 (t, J = 7.1 Hz, 3H), 0.94 (t, J
= 7.6 Hz, 3H), 0.92 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCls) & 165.7, 135.0, 128.9, 82.2,
729, 63.2, 61.1, 579, 27.7, 26.3, 25.8, 14.2, 9.7, 9.3; LRMS (ESI, m/z): calcd for
C14H2oNsO3Na"*, [M + Na'], 345.2, found 345.2.
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OTMS Fe(OAc (5 mol %)

NO, 5mol%) N3 CO,Et N3 CO,Et
Q @f( s fn owﬁ# " owﬁﬂN
7~ TCH,CLIMeCN (10:1) :
COEt 22°C,c=08M,10h  TmsO N T™MSO
19a OH 33a Ns 33b

dar. 1.7:1
2.0 equiv 55% yield 32% yield

To a flame-dried sealable 2-dram vial equipped with a stir bar were added Fe(OAc), (8.7 mg,
0.05 mmol, 5 mol %), L1 (13.7 mg, 0.05 mmol, 5 mol %), 32 (287 mg, 1.0 mmol, 1.0 equiv) and
benziodoxole 19a (528 mg, 2.0 mmol, 2.0 equiv). After the flask was evacuated and backfilled
with N three times, anhydrous CH,Cl, (1.1 mL) and MeCN (0.11 mL) were added via syringes
and the mixture was stirred at room temperature for 10 min. Subsequently, freshly opened
TMSN;3 (656 pL, 5.0 mmol, 5.0 equiv) was added to the flask at room temperature within 8 h
using a syringe pump. The reaction mixture was stirred for additional 2 h until 32 was fully
consumed (monitored by TLC). The reaction was carefully quenched with saturated NaHCO3
solution (3 mL) to remove any residual hydrazoic acid and further diluted with Et,O (8 mL), the
resulting suspension was stirred vigorously for 10 min. The mixture was filtered and the solid
was washed with Et,O (5 mLx2). The combined filtrate was washed with saturated NaHCO3
solution (10 mL), brine (10 mL) and dried over Na,SO,. After concentration in vacuo, the dr
was obtained by quantitative *H NMR experiment using 1,3,5-trimethylbenzene as an internal
standard (88% NMR vyield, dr: 1.7:1). the crude product was purified through column
chromatography (hexanes/EtOAc: from 100:1 to 10:1) to afford the desired diazidation product
33a as colorless oil (204 mg, 55% yield) along with the other diastereomer 33b as colorless oil
(119 mg, 32% yield).

N3 CO,Et

TMSO 335 N3

Ethyl (1S,2R,3S,4R,55)-4,5-diazido-2-nitro-3-((trimethylsilyl)oxy)cyclohexane-1-

carboxylate (33a): [0]p®® = +17.2° (¢ 1.00, CHCl3). IR vma (neat)/cm™: 2961 (w), 2104 (s),

1730 (s), 1558 (s), 1446 (w), 1376 (m), 1253 (s), 1189 (s), 1115 (s), 1022 (m), 843 (s), 756 (m);

'H NMR (400 MHz, CDCls)  5.04 (dd, J = 5.9, 4.4 Hz, 1H), 4.30-4.14 (m, 3H), 3.95 (t, J = 6.9

Hz, 1H), 3.47 (td, J = 7.4, 4.9 Hz, 1H), 3.41 (dd, J = 12.0, 6.0 Hz, 1H), 2.28-2.09 (m, 2H), 1.29

(t, J = 7.1 Hz, 3H), 0.18 (s, 9H); *C NMR (100 MHz, CDCls) 5 170.8, 85.0, 70.4, 64.4, 62.1,
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57.6, 38.8, 27.6, 14.0, -0.5; LRMS (ESI, m/z): calcd for C1,H21N70sSiNa*, [M + Na'], 394.1,
found 394.1.

The full assignment of *H NMR of 33a was carried out through *H-*H COSY NMR analysis:

there are strong correlations between He and Hi/Hs,, He and Hg, as well as Hq and H.
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The stereochemistry of 33a was determined by NOE analysis: there is no significant NOE

observed between H, and H., Hg and Hs, or Hg and H.
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N; CO,Et
O,N Ns

TMso 33b

Ethyl (1S,2R,3S,4R,5R)-4,5-diazido-2-nitro-3-((trimethylsilyl)oxy)cyclohexane-1-
carboxylate (33b): [a]o®® = —61.4° (¢ 1.33, CHCI3). IR vmax (neat)/cm™: 2961 (w), 2106 (s),
1733 (s), 1557 (s), 1386 (m), 1254 (s), 1186 (s), 1110 (s), 991 (m), 844 (s), 737 (s); *H NMR
(400 MHz, CDCl3) & 4.85 (dd, J = 11.3, 2.7 Hz, 1H), 4.62 (dd, J = 3.9, 3.0 Hz, 1H), 4.26-4.14
(m, 2H), 4.00-3.93 (m, 1H), 3.80-3.73 (m, 1H), 3.45-3.34 (m, 1H), 2.30-2.21 (m, 1H), 1.96—
1.81 (m, 1H), 1.28 (t, J = 7.1 Hz, 3H), 0.10 (s, 9H); **C NMR (100 MHz, CDCl3) & 171.3, 82.9,
71.3,64.5,61.7, 56.2, 38.7, 26.5, 14.0, -0.4; LRMS (ESI, m/z): calcd for C1,H,:N;0sSiNa*, [M
+ Na'], 394.1, found 394.1.

The full assignment of *H NMR of 33b was carried out through *H-'H COSY NMR analysis:

there are strong correlations between He and Hy,, He and Hg, as well as Hq and H...

S43



33b
R': CO,Et, R%: TMS

Ho  Hc

‘l He Ha , |
M\ " - j‘ iL ,.““, /I\ . JM[ - 'l"’w, ,___&,\..wl.lk.l,ﬁ ,.,J', A,JlJ \ I _ ppm
-1.0
N i m 2
- o ¥
o -1.5
— i
= i I ' 2.0
= g m L I
‘ 2.5
1
|
i 3.0
Ha = '
b % strong . Hﬁ ml ! 38
I correlation
Hy —— ——@h—@ 24
‘e W 40
R @ weak correlation strong w
N bl correlation
) ; 4.5
o i stron;
He = ‘ g 4@ correlat%on
Ho == é @ i
i i [~ 5.0

I
5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

The stereochemistry of 33b was determined by NOE analysis: there is a strong NOE observed

between H, and H.. However, no NOE is observed either between Hq and Hs, or Hq and Hy,.
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Fe(OAc)z (5 mol %)

\N02 5m0| /0) N3 COQEt N3 COzEt
CE« TMSN3 (3.6 equiv) Osz# O,N
+
/
COZEt CH,Clo/MeCN (10:1)

22°C,c=0.8M,10h
(+)-26 19a bH dr >20:1 HO 34 N5 TMSO 335 Ns

1.5 equiv 70% yield 6% vyield

To a flame-dried 100 mL round bottom flask equipped with a stir bar were added Fe(OAc); (61
mg, 0.35 mmol, 5 mol %), L1 (95 mg, 0.35 mmol, 5 mol %), (+)-26 (1.5 g, 6.97 mmol, 1.0
equiv) and benziodoxole 19a (2.76 g, 10.46 mmol, 1.5 equiv). After the flask was evacuated and
backfilled with N, three times, anhydrous CH,Cl, (8 mL) and MeCN (0.8 mL) were added via
syringes and the mixture was stirred at room temperature for 10 min. Subsequently, freshly
opened TMSN3 (3.3 mL, 25.1 mmol, 3.6 equiv) was added to the flask at room temperature
within 8 h using a syringe pump. The reaction mixture was stirred for additional 2 h until (+)-26
was fully consumed (monitored by TLC). The reaction was carefully quenched with saturated
NaHCOs; solution (20 mL) to remove any residual hydrazoic acid and further diluted with Et,O
(60 mL), the resulting suspension was stirred vigorously for 10 min. The mixture was filtered
and the solid was washed with Et,O (15 mLx2). The combined filtrate was washed with
saturated NaHCOj3 solution (50 mL), brine (50 mL) and dried over Na,SO,4. The mixture was
filtered through a silica gel pad (ca. 6 cm long x 6 cm diameter) and the pad was washed with
ether (50 mLx3). After concentration in vacuo, the crude diazidation products 34 and 33a were
obtained as yellow oil, which could be used directly without further purification. The crude yield
of compound 34 and 33a were obtained by quantitative ‘H NMR experiment using 1,3,5-
trimethylbenzene as an internal standard (71% NMR vyield for compound 34 and 7% NMR vyield
for compound 33a). For characterization purposes, the crude mixture was purified through
column chromatography (hexanes/EtOAc: from 20:1 to 6:1) to afford the desired product 34 as
colorless oil (1.46 g, 70% yield) along with the O-TMS protected diazidation product 33a as
colorless oil (155 mg, 6% yield)

N3 CO,Et
O,N

HO 34 N3

Ethyl (1S,2R,3S,4R,5S)-4,5-diazido-3-hydroxy-2-nitrocyclohexane-1-carboxylate (34): [o]p®
= +4.2° (¢ 1.01, CHCIl3). IR vmax (neat)/cm™: 3462 (w), 2920 (w), 2110 (s), 1729 (s), 1558 (s),
S46



1377 (m), 1258 (s), 1200 (m), 1095 (m), 1021 (m), 955(w), 874 (w); ‘H NMR (400 MHz,
CDCl3) 5 5.04 (dd, J = 8.4, 3.9 Hz, 1H), 4.40-4.36 (M, 1H), 4.27-4.18 (m, 2H), 4.06 (t, J = 5.4
Hz, 1H), 3.78 (dd, J = 9.6, 5.2 Hz, 1H), 3.48 (td, J = 8.7, 5.2 Hz, 1H), 3.24 (d, J = 7.0 Hz, 1H),
2.26-2.07 (m, 2H), 1.29 (t, J = 7.1 Hz, 3H); '3C NMR (100 MHz, CDCls)  170.9, 83.7, 70.0,
62.7,62.2, 58.3, 37.4, 27.4, 14.0; LRMS (ESI, m/z): calcd for CgH13N7OsNa*, [M + Na'], 322.1,
found 322.1.

The full assignment of *H NMR of 34 was carried out through *H-'H COSY NMR analysis:

there are strong correlations between He and Hi/Hr,, He and Hg, as well as Hq and H.
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The stereochemistry of 34 was determined by NOE analysis: there is no significant NOE

observed either between H, and He, or Hq and Hy.
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N3 CO,Et N; CO,Et oH

OuN . ON LiOH+H,0 (3.0 equiv) N3
EIOH,c=04M OEt
HO 34 Nj TMSO 335 N3 0 °C, 30 min 5 o8 8

then 1M H,SOy4, 5 min 91% yield
To a 100 mL round bottom flask were added the crude diazidation products 34 and 33a (5.3
mmol, 1.0 equiv) obtained in last step and EtOH (53 mL). After the flask was moved to ice-bath,
LiOH-H,0 (0.67 g, 15.9 mmol, 3.0 equiv) was added portion-wise and the mixture was stirred at
0 °C for 30 min until the starting material was fully consumed (monitored by TLC). Aqueous
H,SO, solution (1 M, 26.5 mL, 26.5 mmol, 5.0 equiv) was added and stirred for 5 min. EtOH
was removed in vacuo, and the residue was diluted with EtOAc (30 mL). The organic phase was
separated from aqueous phase and the aqueous phase was further extracted with EtOAc (30
mLx2). The combined organic phase was dried over Na,SO,4. After concentration in vacuo, the
residue was purified through column chromatography (hexanes/EtOAc: from 30:1 to 3:1) to
afford the desired product 28 as yellow oil (1.21 g, 91% vyield).
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QTBS Fe(OAC)2 (5 mol %) QTBS

H L1 (5 mol 0/0) H
NO NO
2 TMSN; (5.0 equiv) N3 2
¥ O TCH,Cl/MeCN (10:1)
/, 4 H,CIl,/MeCN : )
. | 2Cl2 ‘
oap O 19a L 22°C,c=08M,10h N 2 "COE
OH dr>20:1

1.0 equiv 2.0 equiv 75% yield

To a flame-dried sealable 2-dram vial equipped with a stir bar were added Fe(OAc), (8.7 mg,
0.05 mmol, 5 mol %), L1 (13.7 mg, 0.05 mmol, 5 mol %), 24b (330 mg, 1.0 mmol, 1.0 equiv)
and benziodoxole 19a (528 mg, 2.0 mmol, 2.0 equiv). After the flask was evacuated and
backfilled with N, three times, anhydrous CH,Cl, (1.1 mL) and MeCN (0.11 mL) were added via
syringes and the mixture was stirred at room temperature for 10 min. Subsequently, freshly
opened TMSNj3 (656 uL, 5.0 mmol, 5.0 equiv) was added to the flask at room temperature within
8 h using a syringe pump. The reaction mixture was stirred for additional 2 h until 24b was fully
consumed (monitored by TLC). The reaction was carefully quenched with saturated NaHCO3
solution (3 mL) to remove any residual hydrazoic acid and further diluted with Et,O (8 mL), the
resulting suspension was stirred vigorously for 10 min. The mixture was filtered and the solid
was washed with Et,0 (5 mLx2). The combined filtrate was washed with saturated NaHCOj3
solution (10 mL), brine (10 mL) and dried over Na,SO,. After concentration in vacuo, the
residue was purified through column chromatography (hexanes/EtOAc: from 100:1 to 10:1) to
afford the diazidation product 36 as a foam (310 mg, 75% vyield).

C=)TBS

N3 - “'CO,Et

(x)-Ethyl (1R,2S,3S,4S,5R)-4,5-diazido-3-((tert-butyldimethylsilyl)oxy)-2-nitrocyclohexane-
1-carboxylate (36): IR vmax (neat)/cm™: 2933 (w), 2859 (w), 2107 (s), 1723 (s), 1556 (s), 1383
(m), 1257 (s), 1203 (s), 1107 (s), 1026 (M), 836 (s), 778 (s); *H NMR (400 MHz, CDCls) & 4.90
(dd, J = 11.3, 9.9 Hz, 1H), 4.43 (dd, J = 9.9, 3.1 Hz, 1H), 4.16 (q, J = 7.2 Hz, 2H), 3.95 (dd, J =
6.6, 3.1 Hz, 1H), 3.84 (t, J = 3.0 Hz, 1H), 3.32 (ddd, J = 12.9, 11.5, 4.5 Hz, 1H), 2.15-2.07 (m,
1H), 2.01 (ddd, J = 14.7, 13.1, 3.0 Hz, 1H), 1.24 (t, J = 7.1 Hz, 3H), 0.89 (s, 9H), 0.11 (s, 3H),
0.05 (s, 3H); **C NMR (100 MHz, CDCls) § 170.0, 87.0, 71.1, 63.7, 61.9, 58.7, 40.8, 26.3, 25.5,
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17.9, 13.9, -4.3, -5.8; LRMS (ESI, m/z): calcd for C1sH2;N;,OsNa*, [M + Na'], 436.2, found

436.2.

The full assignment of *H NMR of 36 was carried out through *H-'H COSY NMR analysis:

there are strong correlations between He and Hi/Hr,, He and Hg, as well as Hq and H.
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The stereochemistry of 36 was determined by NOE analysis: there is no significant NOE

observed between H, and H., Hg and Hy or Hg and Hs. (See below)
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OH Fe(OAc), (5 mol %) OTMS

H NO, L1 (5 mol %)
TMSN3 (5.0 equlv)
+ o)
7~ CH,Cl/MeCN (10:1)
CO,Et ' “CO,Et "“'CO,Et
\ 22°C,c=0.8M, 10h N3 2 2
35 19a 5y

2.0 equiv 58% yield 18% vyield

To a flame-dried sealable 2-dram vial equipped with a stir bar were added Fe(OAc), (8.7 mg,
0.05 mmol, 5 mol %), L1 (13.7 mg, 0.05 mmol, 5 mol %), 35 (215 mg, 1.0 mmol, 1.0 equiv) and
benziodoxole 19a (528 mg, 2.0 mmol, 2.0 equiv). After the flask was evacuated and backfilled
with N, three times, anhydrous CH,Cl, (1.1 mL) and MeCN (0.11 mL) were added via syringes
and the mixture was stirred at room temperature for 10 min. Subsequently, freshly opened
TMSN3 (656 pL, 5.0 mmol, 5.0 equiv) was added to the flask at room temperature within 8 h
using a syringe pump. The reaction mixture was stirred for additional 2 h until 35 was fully
consumed (monitored by TLC). The reaction was carefully quenched with saturated NaHCO;
solution (3 mL) to remove any residual hydrazoic acid and further diluted with Et,O (8 mL), the
resulting suspension was stirred vigorously for 10 min. The mixture was filtered and the solid
was washed with Et,O (5 mLx2). The combined filtrate was washed with saturated NaHCO3
solution (10 mL), brine (10 mL) and dried over Na,SO,4. After concentration in vacuo, the
residue was purified through column chromatography (hexanes/EtOAc: from 100:1 to 3:1) to
afford the O-TMS protected diazidation product 38 as colorless oil (67 mg, 18% yield) along
with the desired diazidation product 37 as colorless oil (174 mg, 58% vyield).

QTMS
Ngs, A _NO2
N3/O:002Et
38
(x)-Ethyl (1R,2S,3S,4S,5R)-4,5-diazido-2-nitro-3-((trimethylsilyl)oxy)cyclohexane-1-
carboxylate (38): IR vimax (neat)/cm™: 2962 (w), 2095 (s), 1719 (s), 1554 (s), 1247 (s), 1204 (m),
1111 (s), 1025 (m), 842 (s), 751 (m); *H NMR (400 MHz, CDCls) & 4.89 (dd, J = 11.2, 9.8 Hz,
1H), 4.44 (dd, J = 9.7, 3.3 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 3.93 (g, J = 3.3 Hz, 1H), 3.78 (t, J =
3.3 Hz, 1H), 3.32 (ddd, J = 12.7, 11.4, 4.4 Hz, 1H), 2.10 (dt, J = 6.7, 3.8 Hz, 1H), 2.03-1.93 (m,
1H), 1.24 (t, J = 7.2 Hz, 3H), 0.13 (s, 9H); **C NMR (100 MHz, CDCls) & 170.0, 87.2, 71.2,
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63.7, 61.9, 58.5, 40.6, 26.3, 13.9, -0.5; LRMS (ESI, m/z): calcd for C1,H21N;OsSiNa*, [M +
Na'], 394.1, found 394.1.

The full assignment of *H NMR of 38 was carried out through *H-'H COSY NMR analysis:

there are strong correlations between H, and Hi/Hs,, He and Hg, as well as Hq and H.
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The stereochemistry of 38 was determined by NOE analysis: there is no significant NOE

observed between H, and He, Hq and Hy or Hg and H¢. (See below)
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(=)H

N3 . "CO,Et

(x)-Ethyl (1R,2S,3S,4S,5R)-4,5-diazido-3-hydroxy-2-nitrocyclohexane-1-carboxylate (37):
IR vimax (neat)/cm™: 3433 (w), 3406 (w), 2099 (s), 1718 (s), 1556 (s), 1296 (m), 1236 (s), 1196
(s), 1080 (s), 1020 (m), 896 (m); *H NMR (400 MHz, CDCls) & 4.90-4.81 (m, 1H), 4.45-4.37
(m, 1H), 4.17 (q, J = 7.1 Hz, 2H), 4.06-3.98 (m, 2H), 3.36-3.25 (m, 1H), 3.10 (d, J = 5.8 Hz,
1H), 2.18-2.08 (m, 1H), 2.08-1.96 (m, 1H), 1.25 (t, J = 7.1 Hz, 3H); **C NMR (100 MHz,
CDCl3) 8 170.4, 86.6, 69.4, 63.4, 62.1, 58.4, 40.3, 26.6, 13.9; LRMS (ESI, m/z): calcd for
CoH13N;OsNa*, [M + Na'], 322.1, found 322.1.

The full assignment of *H NMR of 37 was carried out through *H-'H COSY NMR analysis:

there are strong correlations between He and H/Hs,, He and Hg, as well as Hq and H.
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The stereochemistry of 37 was determined by NOE analysis: there is no significant NOE
observed either between H, and He or Hg and Hy.
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G. Catalyst Structure—Reactivity Relationship Studies

| X
o) NN O
| |
N N
Me" L1 "Me
Me Me add ether
TMSN3 (1.0 equiv to precipitate
Fe(OAc), + L1 3(1:0eq )= Z‘:”;ggs‘z’l’l%’;n 0 preciprate, Iron-Azide Solid Complex 39
15mol% 15 mol% CHZC'Z/Z'\’2'ef3CN (10:1)  PUP fiter and dry - (Characteristic IR stretch: 2047, 2060 cm™")

To a flame-dried 20 mL sealable test tube equipped with a stir bar were added Fe(OAc), (87 mg,
0.5 mmol, 15 mol%) and ligand L1 (137 mg, 0.5 mmol, 15 mol%). After the tube was evacuated
and backfilled with N, three times, anhydrous CH,Cl, (8.0 mL) and MeCN (1.0 mL) were added
via a syringe and the mixture was stirred at room temperature for 10 min. TMSN3; (0.45 mL, 3.3
mmol, 1.0 equiv) was added to the catalyst solution and the mixture was stirred for additional 0.5
h. Ether (8 mL) was added drop-wise to the above solution while stirring and purple suspension
started to precipitate out. The mixture was centrifuged and the supernatant was removed via a
syringe. The solid residue was washed with ether (15 mL) and separated from the liquid by
centrifuge. After Et,O was removed via a syringe, the solid residue was further dried in vacuo to
afford 39 as a purple solid (99 mg). The IR analysis of 39 shows characteristic azido-group
absorption at 2047 cm™ and 2060 cm™.
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Figure S3. Solid-state structure of both the monomeric unit and the polymeric state of 39.
Solvate (CH,Cl,) and hydrogen atoms have been omitted for clarity. Ellipsoids are depicted at
the 50% level.

39 (5 mol %) N3 CO,Et N3 CO,Et

\NOZ
TMSN3 (3.6 equiv) > O,N , OaN
co £ / CH,Cl,/MeCN (10:1)

2 22°C,c=0.8M,10h
(+)-26 19a bH HO 34 Ns TMSO 335 N3

1.5 equiv 70% yield 8% yield

To a flame-dried sealable 2-dram vial equipped with a stir bar were added the solid catalyst 39
(23 mg, 0.05 mmol, 5 mol %), (+)-26 (215 mg, 1.0 mmol, 1.0 equiv) and benziodoxole 19a (396
mg, 1.5 mmol, 1.5 equiv). After the flask was evacuated and backfilled with N, three times,
anhydrous CH,CI;, (1.1 mL) and MeCN (0.11 mL) were added via syringes and the mixture was
stirred at room temperature for 10 min. Subsequently, freshly opened TMSN; (473 uL, 3.6
mmol, 3.6 equiv) was added to the flask at room temperature within 8 h using a syringe pump.
The reaction mixture was stirred for additional 2 h until (+)-26 was fully consumed (monitored
by TLC). The reaction was carefully quenched with saturated NaHCOj3; solution (3 mL) to
remove any residual hydrazoic acid and further diluted with Et,O (8 mL), the resulting
suspension was stirred vigorously for 10 min. The mixture was filtered and the solid was
washed with Et;O (5 mLx2). The combined filtrate was washed with saturated NaHCOs;
solution (10 mL), brine (10 mL) and dried over Na,SO,4. After concentration in vacuo, the

residue was purified through column chromatography (hexanes/EtOAc: from 20:1 to 6:1) to
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afford the desired product 34 as colorless oil (209 mg, 70% vyield) along with the O-TMS

protected diazidation product 33a as colorless oil (30 mg, 8% vyield).

N; CO,Et

\NOZ 39 (20 mol %)
> ON
/© "CHZCI/MeCN (10:1)
COZEt \ 22°C,c=08M,10h b . N
(+)-26 19b N 34 Na

1.5 equw 21% conversion 17% yield

To a flame-dried sealable 2-dram vial equipped with a stir bar were added the solid catalyst 39
(90 mg, 0.2 mmol, 20 mol %), (+)-26 (215 mg, 1.0 mmol, 1.0 equiv) and 19b (434 mg, 1.5
mmol, 1.5 equiv). After the flask was evacuated and backfilled with N, three times, anhydrous
CH,Cl, (1.1 mL) and MeCN (0.11 mL) were added via syringes and the mixture was stirred at
room temperature for 10 h. The reaction was quenched with saturated NaHCO3 solution (1 mL)
and further diluted with Et,O (8 mL), the resulting suspension was stirred vigorously for 10 min.
The mixture was filtered and the solid was washed with Et,O (5 mLx2). The combined filtrate
was washed with saturated NaHCO3 solution (10 mL), brine (10 mL) and dried over Na,SO,.
After concentration in vacuo, the residue was purified through column chromatography
(hexanes/EtOAc: from 20:1 to 6:1) to afford the desired product 34 as colorless oil (51 mg, 17%

yield) along with the recovered starting material (+)-26.
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H. Expedient Tamiflu Synthesis from 3-2TsOH and Related Synthetic Explorations
a. Expedient Tamiflu Synthesis from 3-2TsOH

0

QH OH
® H MeOJ\CI (2.6 equiv) H

H3N o A MeO,CHN
S NaHCOj3 (10 equiv)
(TsO)2 @, >
HaN CO,Et H,0,22°C,2h MeO,CHN CO,Et

3
3-2TsOH 57

94% yield

To a 100 mL round bottom flask with a stir bar were added 3-2TsOH (5.36 g, 9.85 mmol, 1.0
equiv) and H,O (60 mL). After the flask cooled to 0 °C, NaHCO3 (8.3 g, 98.5 mmol, 10 equiv)
was carefully added portion-wise. The resulting solution was stirred at 0 °C for 5 min and
methyl chloroformate (1.98 mL, 25.6 mmol, 2.6 equiv) was added. The mixture was warmed up
to room temperature and stirred for additional 2 h. EtOAc was added to the reaction mixture.
The organic phase was separated from the aqueous phase and the aqueous phase was further
extracted with EtOAc (30 mLx3). The combined organic phase was dried over Na,SO,4. After
concentration in vacuo, the residue was purified through column chromatography
(hexanes/EtOAc: from 50:1 to 2:1) to afford the desired product 57 as a white solid (2.93 g, 94%
yield, m.p. 58-59 °C).

OH

MeO,CHN
MeOZCHN:O\COZEt
57

Ethyl (3R,4R,5S)-4,5-bis((ethoxycarbonyl)amino)-3-hydroxycyclohex-1-ene-1-carboxylate
(57): [a]p?® = —26.7° (c 0.325, CHCl3). IR vmax (neat)/cm™: 3319 (m), 2981 (w), 1692 (s), 1533
(s), 1447 (w), 1372 (w), 1239 (s), 1039 (s), 986 (m), 861 (m); H NMR (400 MHz, CDCls) &
6.76 (s, 1H), 5.92 (d, J = 8.6 Hz, 1H), 5.69 (d, J = 8.9 Hz, 1H), 4.29-4.28 (m, 1H), 4.26-4.21 (m,
1H), 4.15 (g, J = 7.1 Hz, 2H), 3.82-3.71 (m, 1H), 3.61 (s, 3H), 3.60 (s, 3H), 3.59-3.53 (m, 1H),
2.79 (dd, J = 17.5, 5.1 Hz, 1H), 2.30-2.18 (m, 1H), 1.24 (t, J = 7.1 Hz, 3H); *C NMR (100
MHz, CDCls) 6 166.0, 158.9, 157.7, 139.1, 128.7, 71.5, 61.0, 58.8, 52.5, 52.4, 49.9, 31.3, 14.1,;
LRMS (ESI, m/z): calcd for C13H21N,07", [M + H'], 317.1, found 317.1.
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Et
OH

MeOZCHN\O\ )NJ\H )E\t HOTf (0.4 equw MeO,CHN
+
w C|3C (6] Et CHZC|2 c=0.5 M
MeO,CHN COoEt (22 equiv) 5AMS, 28°C, 22 h MeO,CHN"" CO,Et
57 51

72% y|eld
To an oven-dried 50 mL round bottom flask equipped with a stir bar were added 57 (1.38 g, 4.36
mmol, 1.0 equiv) and 5 A molecular sieves powder (1.5 g). After the flask was evacuated and
backfilled with N, twice, anhydrous CH,Cl, (9.0 mL) and freshly distilled pentan-3-yl 2,2,2-
trichloroacetimidate 51 (16.7 mL, 96.0 mmol, 22 equiv) were added. The reaction was cooled to
0 °C and TfOH (154 uL, 1.74 mmol, 0.4 equiv) was added. After the addition of TfOH, the
reaction mixture was warmed up to 28 °C and stirred at this temperature for 22 h until 57 was
fully consumed (monitored by TLC). The mixture was cooled to 0 °C, and Et3N (0.6 mL, 4.36
mmol, 1.0 equiv) in CH,CI, (10 mL) was added to quench the reaction. The mixture was filtered
and the solid was washed with CH,Cl, (10 mLx4). The filtrate was concentrated in vacuo and
the residue was purified through column chromatography (hexanes/EtOAc: from 30:1 to 2:1) to
afford the desired product 58 as a white solid (1.21 g, 72% yield, m.p. 95-96 °C).

Et
OH

M602CHN\©\ )NJ\H )E\t MsOH (35 equiv) MeO,CHN
+
w Cl3C (6] Et CHyCl,, ¢c=0.5 M
MeO,CHN CO,Et (35 equiv) 5A MS. 28 °C, 24 h MeOZCHN CO,Et
57 51

64% yleld

To an oven-dried 25 mL round bottom flask equipped with a stir bar were added 57 (158 mg, 0.5
mmol, 1.0 equiv) and 5 A molecular sieves powder (200 mg). After the flask was evacuated and
backfilled with N, twice, anhydrous CH,Cl, (1.0 mL) and freshly distilled pentan-3-yl 2,2,2-
trichloroacetimidate 51 (3.1 mL, 17.5 mmol, 35 equiv) were added. The reaction was cooled to
0 °C and MsOH (1.15 mL, 17.5 mmol, 35 equiv) was added in 3 h using a syringe pump. After
the addition of MsOH, the reaction mixture was warmed up to 28 °C and stirred at this
temperature for 24 h. The mixture was filtered and the solid was washed with CH,Cl, (5 mLx4).
The filtrate was concentrated in vacuo and the residue was purified through column
chromatography (hexanes/EtOAc: from 30:1 to 2:1) to afford the desired product 58 as a white
solid (124 mg, 64% yield, m.p. 95-96 °C).
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Et
0" Et

MeO,CHN A A~
MeOZCHN:O\COZEt
58

Ethyl (3R,4R,5S)-4,5-bis((methoxycarbonyl)amino)-3-(pentan-3-yloxy)cyclohex-1-ene-1-
carboxylate (58): [a]p® = —54.6° (¢ 0.85, CHCl3). IR vma (neat)/cm™: 3313 (m), 2921 (s), 1697
(s), 1544 (m), 1286 (m), 1231 (m), 1058 (m); *H NMR (400 MHz, CDCls) & 6.78 (s, 1H), 5.50
(s, 1H), 4.86 (d, J = 8.4 Hz, 1H), 4.19 (q, J = 6.7 Hz, 2H), 4.06-3.9 (m, 1H), 3.90-3.88 (m, 1H),
3.80-3.75 (m, 1H), 3.65 (s, 3H), 3.63 (s, 3H), 3.39 (quint, J = 5.6 Hz, 1H), 2.72 (dd, J = 17.1, 4.8
Hz, 1H), 2.36 (dd, J = 18.4, 8.0 Hz, 1H), 1.56-1.48 (m, 4H), 1.27 (t, J = 7.2 Hz, 3H), 0.91-0.86
(m, 6H); *C NMR (100 MHz, CDCls3) § 166.0, 157.5, 157.1, 136.8, 129.3, 82.4, 77.2, 75.1, 60.9,
55.2,52.3,52.1, 49.5, 30.4, 26.1, 25.7, 14.1, 9.3, 9.2; LRMS (ESI, m/z): calcd for C1gH3;N,O7",
[M + H™], 387.2, found 387.2.

Et Et

)\ O~ "Et
) TMSCI (6.0 equiv), Nal (6.0 equiv) H
'\"3020”“\@\ CHCN, ¢ =0.5M,40 °C, 12 h ACHN\O\
MeO,CHN® CO,Et 2) BocyO (0.95 equiv), CHyCly, 0 “C BocHN™ CO,Et
¢=0.06 M, 1.5 h, then 59
Ac,0 (2.0 equiv), Et3N (2.0 equiv)

DMAP (0.2 equiv),
0-22°C, 2 h

72% yield over two steps

To a flame-dried 50 mL round bottom flask equipped with a stir bar were 58 (1.0 g, 2.6 mmol,
1.0 equiv) and anhydrous Nal (2.34 g, 15.6 mmol, 6.0 equiv). After this flask was evacuated and
backfilled with N, twice, anhydrous MeCN (5.2 mL) was added followed by drop-wise addition
of freshly distilled TMSCI (1.98 mL, 15.6 mmol, 6.0 equiv) via a syringe. The mixture was
warmed up to 40 °C and stirred at this temperature for 12 h in dark. The reaction was cooled
down to 0 °C and diluted with CH,Cl, (30 mL). Saturated Na,COj solution (10 mL), H,O (5 mL)
and saturated Na,S,03solution (2 mL) were added and the mixture was stirred for additional 5
min. The organic phase was separated from the aqueous phase and the aqueous phase was
further extracted with CH,Cl, (80 mLx3). The combined organic phase was washed with water
(10 mLx2), brine (10 mL) and dried over Na,SO4. After concentration in vacuo, the crude

diamine product will be used directly in the next step without further purification.
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To an oven-dried 100 mL round bottom flask equipped with a stir bar was added the crude
diamine product obtained in last step. The flask was evacuated and backfilled with N, twice and
then anhydrous CH,Cl, (40 mL) was added. Subsequently, a solution of Boc,O (546 mg, 2.5
mmol, 0.95 equiv) in CH,Cl, (2 mL) was added to the flask at 0 °C within 40 min using a syringe
pump. The mixture was warmed up to room temperature and stirred for additional 1 h
(monitored by TLC until the diamine starting material was consumed). EtsN (0.72 mL, 5.2
mmol, 2.0 equiv), Ac,O (0.49 mL, 5.2 mmol, 2.0 equiv) and a solution of DMAP (64 mg, 0.5
mmol, 0.2 equiv) in CH,Cl, (0.5 mL) were added to the above mixture at 0 °C. The reaction
mixture was warmed up to room temperature and kept stirring for additional 2 h until the
intermediate was consumed (monitored by TLC). Saturated NaHCO3 solution (10 mL) was
added to quench the reaction. The organic phase was separated from the aqueous phase and the
aqueous phase was extracted with CH,Cl, (30 mLx2). The combined organic phase was washed
with brine (10 mL) and dried over Na,SO,4. After concentration in vacuo, the residue was
purified through column chromatography (hexanes/EtOAc: from 30:1 to 2:1) to afford the
desired product 59 as a white solid (772 mg, 72% yield over two steps, m.p. 141-142 °C).

Et
0" 'Et

AcHN U
BocHN™" CO,Et

59

Ethyl (3R,4R,5S)-4-acetamido-5-((tert-butoxycarbonyl)amino)-3-(pentan-3-yloxy)cyclohex-
1-ene-1-carboxylate (59): [0]p® = —77.0° (¢ 1.06, CHCl3). IR vma (neat)/cm™: 3313 (m), 2971
(m), 2932 (m), 1681 (s), 1654 (s), 1544 (m), 1297 (m), 1242 (s), 1051 (m), 1013 (m), 943 (m),
733(m); 'H NMR (400 MHz, CDCls) & 6.78 (s, 1H), 5.89 (d, J = 9.0 Hz, 1H), 5.17 (d, J = 9.1
Hz, 1H), 4.25-4.15 (m, 2H), 4.06 (dd, J = 18.5, 9.0 Hz, 1H), 3.97-3.95 (m, 1H), 3.78 (qd, J = 9.7,
5.4 Hz, 1H), 3.36 (quint, J = 5.6 Hz, 1H), 2.73 (dd, J = 17.8, 5.0 Hz, 1H), 2.43-2.20 (m, 1H),
1.97 (s, 3H), 1.62-1.45 (m, 4H), 1.41 (s, 9H), 1.28 (t, J = 7.1 Hz, 3H), 0.89-0.81 (m, 6H); **C
NMR (100 MHz, CDCls) 6 170.8, 166.0, 156.3, 137.6, 129.3, 82.2, 79.7, 75.9, 61.0, 54.4, 49.0,
30.9, 28.3, 26.1, 25.7, 23.4, 14.2, 9.5, 9.2; LRMS (ESI, m/z): calcd for Co;H37N2O¢", [M + H],
413.3, found 413.3.
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Et Et

O” Et QJ\Et
3PO4 (6 equiv), EtOH AcHN :

AcHN A _A H
U\ c=05M,78°C _ U\
BocHN™" CO,Et HoNY CO,Et
59

'H3PO4
1 (Tamiflu ®)
83% vyield

To an oven-dried 10 mL round bottom flask equipped with a stir bar was added 59 (1.21 g, 2.9
mmol). The flask was evacuated and backfilled with N, twice and then EtOH (4 mL) was added.
Subsequently, HsPO,4 (1.08 mL, 17.6 mmol, 6.0 equiv) in EtOH (1.8 mL) was added to the flask
at room temperature using a syringe. The mixture was warmed up to 78 °C and stirred for
additional 12 h (monitored by TLC until the starting material was consumed). The mixture was
then cooled to 0 °C and stirred for 3 h with precipitates generated. The reaction mixture was
filtered and the solid was washed with cold acetone (2.0 mLx3). The solid was collected and
dried in vacuo to afford the desired product 1 (Tamiflu) as a white solid (1.0 g, 83% yield, m.p.
188-190 °C).

Et
0" Et

AcHNU
HoN CO,Et

'H3PO4
1 (Tamiflu ®)

Ethyl (3R,4R,5S)-4-acetamido-5-amino-3-(pentan-3-yloxy) cyclohex-1-ene-1-carboxylate
(Tamiflu, 1): [a]p® = —30° (c 1.01, H,0). IR vma (neat)/lcm™: 3347 (m), 3169 (br), 2966 (w),
2937 (W), 2874 (w), 1716 (s), 1656 (S), 1549 (s), 1243 (s), 1120 (s), 952 (s), 850 (m) ; *H NMR
(400 MHz, D,0) & 6.85 (s, 1H), 4.33 (d, J = 8.8 Hz, 1H), 4.25 (dt, J = 7.2, 5.3 Hz, 2H), 4.05 (dd,
J = 11.6, 8.8 Hz, 1H), 3.62-3.53 (m, 2H), 2.96 (dd, J = 17.0, 5.6 Hz, 1H), 2.55-2.45 (m, 1H),
2.08 (s, 3H), 1.60-1.40 (m, 4H), 1.28 (t, J = 7.1 Hz, 3H), 0.90-0.76 (m, 6H); **C NMR (100
MHz, D,O) 6 175.2, 167.3, 137.9, 127.5, 84.2, 75.0, 62.3, 52.6, 49.0, 28.1, 25.4, 25.0, 22.3, 13.2,
8.5, 8.4; LRMS (ESI, m/z): calcd for C16H2oN204", [M — H3PO,4 + H'], 313.2, found 313.2.
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b. Related Synthetic Explorations

Et

o )\
N3\©\ . )'\‘]\H )E\t MsOH (2.0 equiv) Na\@\
Ns‘““ - CO,Et ClsC ;31 Et CH22(;I2 CC 220hS M N3 COzEt
(22 equiv) 14% yleld 92% y|e|d

To an oven-dried 25 mL round bottom flask equipped with a stir bar were added 28 (504 mg, 2.0
mmol, 1.0 equiv) and 5 A molecular sieves powder (500 mg). After the flask was evacuated and
backfilled with N, twice, anhydrous CH,Cl, (4.0 mL) and freshly distilled pentan-3-yl 2,2,2-
trichloroacetimidate 51 (7.7 mL, 44 mmol, 22 equiv) were added. The reaction was cooled to
0 °C and MsOH (260 uL, 4.0 mmol, 2.0 equiv) was added. After the addition of MsOH, the
reaction mixture was warmed up to 22 °C and stirred at this temperature for 22 h. The mixture
was cooled to 0 °C, and Et3N (0.28 mL, 2.0 mmol, 1.0 equiv) in CH,Cl, (5 mL) was added to
quench the reaction. The mixture was filtered and the solid was washed with CH,Cl; (7 mLx4).
The filtrate was concentrated in vacuo and the residue was purified through column
chromatography (hexanes/EtOAc: from 100:1 to 10:1) to afford the desired product 52 as
colorless oil (90 mg, 14% yield) along with the side product 53 as colorless oil (306 mg, 92%

yield) which is a known compound.’

OH O)\"Pr

N3 ~ )N]\H )E\t TfOH (0.4 equw
+ '[ ]
W Cl3C”™ "O” "Et CHyClp, ¢=0.5 M N

N3 CO,Et 5A MS, 28 °C, 22 h Ng CO,Et CO,Et

28 51

(22 equiv) 68% yield 7% yleld
dar:1:1

To an oven-dried 25 mL round bottom flask equipped with a stir bar were added 28 (504 mg, 2.0
mmol, 1.0 equiv) and 5 A molecular sieves powder (500 mg). After the flask was evacuated and
backfilled with N, twice, anhydrous CH,Cl, (4.0 mL) and freshly distilled pentan-3-yl 2,2,2-
trichloroacetimidate 51 (7.7 mL, 44 mmol, 22 equiv) were added. The reaction was cooled to
0 °C and TfOH (71 pL, 0.8 mmol, 0.4 equiv) was added. After the addition of TfOH, the

reaction mixture was warmed up to 28 °C and stirred at this temperature for 22 h until 28 was
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fully consumed (monitored by TLC). The mixture was cooled to 0 °C, and EtsN (0.28 mL, 2.0
mmol, 1.0 equiv) in CH,CI;, (5 mL) was added to quench the reaction. The mixture was filtered
and the solid was washed with CH,Cl, (7 mLx4). The filtrate was concentrated in vacuo and the
residue was purified through column chromatography (hexanes/EtOAc: from 100:1 to 10:1) to
afford an inseparable mixture of 52 and 54 as colorless oil (484 mg, 75% yield, 52:54 = 10:1).

Note: in order to confirm the structure of 54, it was independently synthesized from S3. The
conversion from 52 to 54 under the reaction condition was corroborated by a TfOH-catalyzed

control experiment.

Me
OH O)\”Pr
N3 ~ j\]l:l )l\ﬂe TfOH (0.3 equw
+

W' C|3C 0~ "Pr CHQC|2 c=05 M U\

N3 COEt 5AMS, 28°C, 10h N3’ CO2Et
28 S3 54
(22 equiv) 40% yield
dr: 1:1

To a flame-dried sealable 3-dram vial equipped with a stir bar were added 28 (252 mg, 1.0 mmol,
1.0 equiv) and 5 A molecular sieves powder (250 mg). After the flask was evacuated and
backfilled with N, twice, anhydrous CH,Cl, (2.0 mL) and freshly distilled pentan-2-yl 2,2,2-
trichloroacetimidate S3 (3.84 mL, 22 mmol, 22 equiv) were added. The reaction was cooled to
0 °C and TfOH (27 pL, 0.3 mmol, 0.3 equiv) was added. After the addition of TfOH, the
reaction mixture was warmed up to 28 °C and stirred at this temperature for 10 h. The mixture
was cooled to 0 °C, and EtsN (0.14 mL, 1.0 mmol, 1.0 equiv) in CH.Cl, (3 mL) was added to
quench the reaction. The mixture was filtered and the solid was washed with CH,Cl, (5 mLx4).
The filtrate was concentrated in vacuo and the residue was purified through column
chromatography (hexanes/EtOAc: from 100:1 to 10:1) to afford the product 54 as colorless oil
(129 mg, 40% yield, dr. 1:1).

Me

PN

O "Pr

CO,Et

dr11
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Ethyl (3R,4R,5S)-4,5-diazido-3-(pentan-2-yloxy)cyclohex-1-ene-1-carboxylate (54): IR vmax
(neat)/cm™: IR vmax (neat)/cm™: 2958 (w), 2932 (w), 2877 (w), 2103 (s), 1714 (s), 1656 (w),
1369 (w), 1248 (s), 1090 (m), 1062 (s), 735 (s); Diastereomer 1: *H NMR (400 MHz, CDCl3) &
6.74 (t, J = 2.0 Hz, 1H), 4.21 (g, J = 7.2 Hz, 2H), 4.08-4.01 (m, 1H), 3.75 (dt, J = 12.0, 6.0 Hz,
1H), 3.52-3.35 (m, 2H), 2.91-2.84 (m, 1H), 2.31-2.16 (m, 1H), 1.69-1.49 (m, 2H), 1.45-1.37
(m, 2H), 1.29 (t, J = 6.4 Hz, 3H), 1.25 (d, J = 6.4 Hz, 3H), 0.97-0.89 (m, 3H); *C NMR (100
MHz, CDCl3) 6 165.4, 137.3, 128.2, 76.8, 76.2, 67.7, 61.2, 59.7, 39.2, 30.3, 20.7, 18.7, 14.2,
14.1; Diastereomer 2: *H NMR (400 MHz, CDCls) § 6.71 (t, J = 2.1 Hz, 1H), 4.21 (g, J = 7.2 Hz,
2H), 3.98 (ddd, J = 7.9, 3.7, 1.9 Hz, 1H), 3.68 (dt, J = 12.2, 6.0 Hz, 1H), 3.52-3.35 (m, 2H),
2.90-2.84 (m, 1H), 2.31-2.18 (m, 1H), 1.49-1.33 (m, 4H), 1.29 (t, J = 6.4 Hz, 3H), 1.21 (d, J =
6.0 Hz, 3H), 0.97-0.89 (m, 3H); *C NMR (100 MHz, CDCls) & 165.4, 136.5, 128.2, 76.4, 75.5,
67.0, 61.2,59.3, 38.7, 30.2, 19.2, 18.7, 14.2, 14.1; LRMS (ESI, m/z): calcd for C14H2N¢OsNa’",
[M + Na'], 345.2, found 345.2.

Et Me

PN

Et o~ rpr

Q)\ :
N3\©\ TfOH (0.4 equiv) NSQ
_—
Ns\\\\‘ COZEt CH2C|27 c=05M NS\‘\- COZEt
52 5AMS, 28 °C, 22 h 54

65% conversion 60% yield

dr:1:1

To a flame-dried sealable 3-dram vial equipped with a stir bar were added 52 (100 mg, 0.31
mmol, 1.0 equiv) and 5 A molecular sieves powder (100 mg). After the flask was evacuated and
backfilled with N, twice, anhydrous CH,Cl, (0.6 mL) was added. The reaction was cooled to
0 °C and TfOH (11 uL, 0.12 mmol, 0.4 equiv) was added. The reaction mixture was warmed up
to 28 °C and stirred at this temperature for 22 h, then the mixture was cooled to 0 °C, and Et;N
(43 uL, 0.31 mmol, 1.0 equiv) in CH,CI; (3 mL) was added to quench the reaction. The mixture
was filtered and the solid was washed with CH,Cl, (5 mLx4). The filtrate was concentrated in
vacuo and the residue was purified through column chromatography (hexanes/EtOAc: from
100:1 to 10:1) to afford the inseparable mixture of product 54 and the starting material 52, which
were analyzed by 'H NMR with 1,3,5-trimethoxybenzene as an internal standard (60% NMR
yield for compound 54 with dr. 1:1 and 35% NMR Yyield for the starting material 52).

S69



OH 1) PhsP (2.3 equiv) OH

N : H,0 (20 equiv) BocHN H
\O\ THF, 50°C,8h _ \O\
N CO,Et  2)Boc,O (2.5 equiv)  BocHN™ CO,Et
28 55

22°C,2h

85% yield

To a 50 mL round bottom flask with a stir bar was added 28 (504 mg, 2.0 mmol, 1.0 equiv).
After the flask was evacuated and backfilled with N, twice, THF (15 mL) and H,O (0.72 mL, 40
mmol, 20 equiv) were added via syringes. Subsequently, PhsP (1.2 g, 4.6 mmol, 2.3 equiv) in
THF (5 mL) was added drop-wise to the reaction at 0 °C. The reaction mixture was warmed up
to 50 °C and stirred for 8 h (monitored by IR until the absorption of azido groups disappeared).
The reaction mixture was cooled to room temperature, then Boc,O (1.09 g, 5.0 mmol, 2.5 equiv)
in THF (5 mL) was added, the reaction mixture was stirred for 2 h at 22 °C. The mixture was
concentrated in vacuo and re-dissolved in EtOAc (20 mL) and H,O (10 mL), The organic phase
was separated from the aqueous phase and the aqueous phase was further extracted with EtOAc
(10 mLx3). The combined organic phase was dried over Na,SO,4. After concentration in vacuo,
the residue was purified through column chromatography (hexanes/EtOAc: from 50:1 to 2:1) to
afford the desired product 55 as a white solid (681 mg, 85% yield, m.p. 118-120 °C).

nQ

H

BocHN o~
BocHN‘:O\COZEt
55

Ethyl (3R,4R,5S)-4,5-bis((tert-butoxycarbonyl)amino)-3-hydroxycyclohex-1-ene-1-
carboxylate (55): [a]p?® = —12.2° (¢ 1.35, CHCI3). IR vmax (neat)lcm™: 3346 (m), 1714 (m),
1680 (s), 1528 (s), 1364 (m), 1314 (m), 1243 (s), 1166 (s), 1073 (m), 1016 (m), 967 (m), 780 (m);
'H NMR (400 MHz, CDCl3) § 6.79 (t, J = 2.2 Hz, 1H), 5.72 (d, J = 6.8 Hz, 1H), 4.87 (d, J = 8.8
Hz, 1H), 4.32-4.25 (m, 1H), 4.24-4.12 (m, 3H), 3.84-3.71 (m, 1H), 3.53-3.42 (m, 1H), 2.82 (dd,
J =175, 5.1 Hz, 1H), 2.17 (ddt, J = 17.3, 10.9, 3.1 Hz, 1H), 1.44 (s, 9H), 1.43 (s, 9H), 1.28 (t, J
= 7.1 Hz, 3H); BC NMR (100 MHz, CDCl3) 6 165.9, 158.4, 156.9, 138.8, 128.2, 80.3 (two
carbons overlapped each other), 73.3, 61.0, 59.9, 48.4, 31.3, 28.3 (two carbons overlapped each
other), 14.1; LRMS (ESI, m/z): calcd for C1gH3;N,07Na’, [M + Na'], 423.2, found 423.2.
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OH

NH

BocHN WA £t
oG + )j\ )\ TfOH (0.4 equiv)
- CliC™ 0" "Bt "o Cl c=05M
BocHN™ CO,Et i 2v12; :

(22 equiv) 55 Mg 28 °C, 22 h
55 51

Et Et Et
By o¢° 0 Et\\/o = g)\
E

t HN

BocHNU\ t HN \O\ H
Et HN COzEt  BocHN" CO.Et  Et HN™ CO,Et

Et 560 [ONe] 56¢

To a flame-dried sealable 3-dram vial equipped with a stir bar were added 55 (401 mg, 1.0 mmol,
1.0 equiv) and 5 A molecular sieves powder (400 mg). After the vial was evacuated and
backfilled with N, twice, anhydrous CH,Cl, (2.0 mL) and freshly distilled pentan-3-yl 2,2,2-
trichloroacetimidate (3.84 mL, 22 mmol, 22 equiv) were added. The reaction was cooled to 0 °C
and TfOH (36 uL, 0.4 mmol, 0.4 equiv) was added. After the addition of TfOH, the reaction
mixture was warmed up to 28 °C and stirred at this temperature for 22 h until 55 was fully
consumed (monitored by TLC). The mixture was cooled to 0 °C, and EtzN (0.14 mL, 1.0 mmol,
1.0 equiv) in CHCl; (3 mL) was added to quench the reaction. The mixture was filtered and the
solid was washed with CH,Cl, (5 mLx4). The filtrate was concentrated in vacuo and the residue
was purified through column chromatography (hexanes/EtOAc: from 100:1 to 10:1) to afford
inseparable mixture of 56a and 56b and 56¢ as viscous oil.

Note: in order to confirm the structures of 56a, 56b and 56¢, They were further treated with TFA
to afford S4 and S5.

Et Et )E\t
EtOoo)\ EtOOO Et

BOCHN\O\ t " U\ t " CF3CO2H (20 equiv)
—_—
t HNY COzEt  BocHN™ CO,Et t HNY CO,Et CH2Clo, c=0.2M

22°C, 12 h
Et o 0 56a Et o o 56¢
Et 0P o Et EtYO O o Et
t HN Et HNa A
UL O L
Et HN CO,Et HoNY CO,Et  Et HNY CO,Et
/k o s4 S5 Et/l\o o 56¢c
32% yield 20% yield 21% yield
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To a flame-dried sealable 3-dram vial equipped with a stir bar were added the inseparable
products obtained in last step. After the vial was evacuated and backfilled with N, twice,
anhydrous CH,Cl; (5.0 mL) was added. The reaction was cooled to 0 °C and TFA (1.53 mL, 20
mmol, 20 equiv) was added, then the reaction mixture was warmed up to 22 °C and stirred at this
temperature for 12 h. The mixture was concentrated in vacuo and the residue was re-dissolved in
CH,Cl, (10 mL), washed with saturated NaHCO3 solution (3 mL), the organic phase was dried
over Na,SO,. After concentration in vacuo, the residue was purified through column
chromatography (CH,Cl,/MeOH: from 100:1 to 10:1) to afford the product S4 as a white solid
(123 mg, 32% yield, m.p. 75-77 °C), product S5 as viscous oil (77 mg, 20% yield) and recover
product 56¢ as a white solid (105 mg, 21% yield, m.p. 118-120 °C).

Et
0" Et

HZNO\
Et HNY CO,Et

Et)\O/&O s4

Ethyl (3R,4R,5S)-4-amino-3-(pentan-3-yloxy)-5-(((pentan-3-yloxy)carbonyl)amino)
cyclohex-1-ene-1-carboxylate (S4): IR vma (neat)/cm™: 2967 (m), 2941 (w), 2878 (w), 1714 (s),
1693 (s), 1556 (s), 1463 (m), 1262 (s), 1237 (s), 1226 (s), 1155 (m), 1099 (s), 1043 (s), 1013 (s),
940 (s), 756 (m), 734 (m); *H NMR (400 MHz, CDCls) & 6.81 (s, 1H), 5.19 (d, J = 6.0 Hz, 1H),
4.69-4.54 (m, 1H), 4.19 (q, J = 7.1 Hz, 2H), 3.88-3.80 (m, 1H), 3.79-3.58 (m, 1H), 3.40 (quint,
J = 5.7 Hz, 1H), 2.89 (dd, J = 9.4, 6.9 Hz, 1H), 2.81 (dd, J = 17.9, 5.4 Hz, 1H), 2.25 (ddt, J =
18.0, 8.5, 2.6 Hz, 1H), 1.66-1.45 (m, 10H), 1.28 (t, J = 7.1 Hz, 3H), 0.94-0.86 (m, 12H); *C
NMR (100 MHz, CDCl3) 6 166.3, 156.7, 136.5, 129.3, 81.3, 78.3, 77.2, 60.8, 54.9, 50.4, 30.5,
26.6 (two carbons overlapped each other), 26.3, 25.7, 14.2, 9.6 (two carbons overlapped each
other), 9.5 (two carbons overlapped each other); LRMS (ESI, m/z): calcd for CooHssN2OsNa’,
[M + Na'], 407.3, found 407.3.

Note: The structure of S4 was further confirmed by 'H-'H COSY NMR analysis: there are

strong correlations observed between Hy and Hei/He, as well as Hq and H...

S72



HN R e
R20
H
! NH e2
b > 2
R' = CO,Et Hqg 4 OR
R? = 3-pentyl S4
I
‘ f
Ho o py He Hes Hez O
— [ U N . S (C Ny . J b ppm
_; 2 é- oz e %3@
—=x # i @;{e r 18
V2.0
L T
Heel f ]
i F2s
He1 .;,' h 0 g ‘
= §
He= i L 30
- f ¢ ST
Ha ¢ 4 . i}
I o g L eo
. st strong strong . -
“! i Q correlation correlation i @ "
| 45
b e
\ i
| | 5.0
[ ﬁ‘ !
: 5.5
i
i 5.0
| f
| 4
| * Lps
| i
— & il 9 ] '
! T . I I T T I I 1 I I I 7.0
70 65 60 55 50 45 40 35 30 25 20 15 ppm
Et
Et\(O\(o 0" Et
Et HN\O\
HoN CO,Et
S5

Ethyl (3R,4R,5S)-5-amino-3-(pentan-3-yloxy)-4-(((pentan-3-yloxy)carbonyl)amino)
cyclohex-1-ene-1-carboxylate (S5): IR vma (neat)/cm™: 2965 (m), 2936 (w), 2878 (w), 1712 (s),
1690 (s), 1533 (s), 1463 (m), 1290 (m), 1231 (s), 1118 (s), 1052 (s), 925 (m), 773 (m), 733 (m);
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'H NMR (400 MHz, pyridine-ds) & 7.99 (d, J = 8.9 Hz, 1H), 7.01 (t, J = 2.0 Hz, 1H), 4.91-4.80
(m, 1H), 4.38-4.37 (m, 1H), 4.15 (q, J = 7.1 Hz, 2H), 3.88 (dd, J = 19.3, 9.0 Hz, 1H), 3.44 (dt, J
= 11.0, 5.5 Hz, 1H), 3.38-3.25 (m, 1H), 3.02 (dd, J = 17.7, 4.8 Hz, 1H), 2.38-2.22 (m, 1H),
1.64-1.39 (m, 8H), 1.12 (t, J = 7.1 Hz, 3H), 0.99-0.74 (m, 12H); **C NMR (100 MHz, pyridine-
ds) 6 166.3, 157.7, 138.8, 129.7, 81.6, 76.1 (two carbons overlapped each other), 60.5, 60.3, 50.7,
34.2,26.9, 26.8, 26.2, 25.9, 14.1, 9.6 (two carbons overlapped each other), 9.5, 9.4; LRMS (ESI,
m/z): calcd for CooH3sN2OsNa’, [M + Na'], 407.3, found 407.3.

Note: The structure of S5 was further confirmed by *H-'H COSY NMR analysis: there are

strong correlations observed between Hy and Hei/He2, Hg and He, as well as H, and H...
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Ethyl (3R,4R,5S)-3-(pentan-3-yloxy)-4,5-bis(((pentan-3-yloxy)carbonyl)amino)cyclohex-1-
ene-1-carboxylate (56¢): IR vmax (neat)/cm™: 3297 (m), 2967 (m), 2940 (w), 2879 (w), 1728 (m),
1674 (s), 1537 (s), 1462 (m), 1282 (s), 1242 (s), 1229 (s), 1057 (s), 992 (m), 926 (m), 775 (m),
732 (m); *H NMR (400 MHz, CDCls) § 6.79 (s, 1H), 5.46 (d, J = 8.1 Hz, 1H), 4.75 (d, J = 8.4
Hz, 1H), 4.61-4.55 (m, 2H), 4.20 (q, J = 7.1 Hz, 2H), 3.99-3.95 (m, 1H), 3.89 (dd, J = 16.0, 7.3
Hz, 1H), 3.81-3.78 (m, 1H), 3.40 (quint, J = 5.4 Hz, 1H), 2.84-2.65 (m, 1H), 2.32 (dd, J = 17.6,
8.0 Hz, 1H), 1.65-1.42 (m, 12H), 1.28 (t, J = 7.1 Hz, 3H), 0.97-0.73 (m, 18H); *C NMR (100
MHz, CDCls) 8 166.1, 157.3, 156.7, 136.9, 129.5, 82.2, 77.6, 77.2, 75.6, 60.9, 54.8, 49.6, 30.9,
26.6, 26.5 (two carbons overlapped each other), 26.4, 26.1, 25.8, 14.2, 9.5 (three carbons
overlapped ), 9.4, 9.3 (two carbons overlapped each other); LRMS (ESI, m/z): calcd for
Ca6HasN207Na’*, [M + Na'], 521.3, found 521.3.
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