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CHAPTER 8:

EXPERIMENTAL DATA

8.1 General comments

All chemicals purchased were reagent grade and wghdut purification unless
noted otherwise. Dry Ci€l,, CH:CN, and EIN were prepared by distillation from
calcium hydride under Ar. Dry THF was prepared laystillation from
sodium/benzophenone ketyl radical under Ar. Reastwere carried out under an inert
atmosphere of argon only when specified in the epantal details, and were monitored
by TLC as described in the experimental procedwiagualuminum-backed 0.2 mm
silica gel 60 F-254 plates. Visualization of TL&tes was performed under a UV lamp
irradiating at 254 nm or by staining with CAM stgd@eric Ammonium Molybdate stain,
Hanessian’s stain), ferric chloride stain, or niahfiy stain. Column chromatography was
conducted using silica gel 60 (230-400 mesh). Aditmg points were measured on a
Thomas-Hoover Melting Apparatus and are uncorrectefll NMR spectra were
recorded on a Varian 300 MHz or 500 MHz instrumentler ambient temperatures
unless otherwise noted. Chemical shift valuedNlIR spectra are reported asn ppm
relative to the solvent residual peak or to anrirdktetramethylsilane standard. Infrared
spectra were recorded using an FT-IR spectrometdraae reported in ¢l Mass
spectra were obtained as specified. Optical aratiwere measured on a Rudolph

Research Autopol Ill. Analytical LC/MS analysesrevecarried out on a Waters ZQ
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instrument consisting of chromatography moduleahiie HT, photodiode array detector
2996, and mass spectrometer Micromass ZQ, using &B8mm Pro C18 YMC reverse
phase column (Waters). Compounds were eluted wsigigadient of 5-80% C4EN in
10 mM ammonium acetate over 10 min at a flow rate0@ mL/min. The MS
electrospray source was operated at capillary gelt8.5 kV and a desolvation

temperature of 300 °C.

8.2 Experimental procedures for chapter 3

©:COZH
OBn

2-Benzyloxy-benzoic acid (3.2).Methyl salicylate (5.87 g, 5.0 mL, 38.6 mmol)
was added to ¥CO; (15.38 g, 111.3 mmol) and GEN (150 mL) at 28C. The reaction
was stirred at 61 overnight. The reaction was filtered and coneeat to yield a clear
oil. 10% aqueous KOH was added to the oil (65 rahgl the reaction was heated to
100°C for 2.5 h. The mixture was washed with £ (2 x 100 mL), and acidified to an
apparent pH of 2 using 1M HCI. The aqueous layas extracted with EtOAc (3 x 100
mL) and the combined EtOAc layers were washed W0 (2 x 100 mL) and brine (2 x
100 mL). The EtOAc was dried over 3}, filtered, and concentrated to yield a white
solid that was recrystallized from MeOH (8.54 g¥97 mp 74-78C; *H NMR (300
MHz, CDCk) & 5.31 (s, 2H), 7.12-7.20 (m, 2H), 7.40-7.48 (m, 5H57 (ddd,J = 1.8,
7.5, 8.1 Hz, 1H), 8.22 (dd,= 1.8, 7.8 Hz, 1H) ppm. HRMS (FAB)/z[M+H]" calcd,

229.0865; obsd, 229.0841.
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L-Serine benzyl ester hydrochloride (3.4). A 1-L round-bottomed flask was
charged with Bod--serine (10.08 g, 49.11 mmol) andCO; (8.86 g, 64.1 mmol). DMF
(400 mL) was added and the mixture was stirred uadstream of Ar for a few min.
Benzyl bromide (6.20 mL, 52.2 mmol) was added ® ithaction and the mixture was
stirred vigourously at RT under Ar. After stirrimgernight, the white solid was removed
by vacuum filtration and washed with 200 mL of DMHRhe filtrate was concentrated
under vacuum and the residue was partitioned betwk® (100 mL) and EtOAc (200
mL). The layers were separated and the organierlayas washed with saturated
NaHCG; (3 x 100 mL) and brine (2 x 100 mL), dried over,8@, filtered, and
concentrated under vacuum to yield a yellow oil.{59 g, 98% crude). The crude
material was dissolved in 500 mL of anhydrous ethex 1-L round-bottomed flask. The
solution was cooled in an ice8 bath to 4°C. Freshly prepared dry HCIl gas was
bubbled through the solution for 2h. (HCI gas vmmepared by adding conc. HCI
dropwise to anhydrous CaCland the gas was then dried by bubbling througtc.co
H,SOy). The solution had turned opaque and the HClfigaswas ceased. The opaque
solution was stirred (with the attached septumR@&tovernight. The white solid was
collected by vacuum filtration to yield only ~4 g 69 yield). The filtrate was left to
stand overnight to precipitate out more solid. e&@d crop of solid was collected to

yield additional white solid. Compour®l4 was isolated as a white solid (9.8439 g,

86.5% yield from Boc-serine).
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(S)-Benzyl 2-(2-(benzyloxy)benzamido)-3-hydroxypropaoate (3.5) using
EDC-mediated amide coupling. Dichloromethane (160 mL) was added3td (6.83 g,
29.5 mmol) and3.2 (8.11 g, 35.5 mmol) under Ar. 4& (4.80 mL, 34.5 mmol) was
added followed by EDCeHCI (6.57 g, 34.3 mmol), aheé mixture was stirred at rt
overnight under Ar. The mixture was washed wit®H3 x 100 mL), saturated NaHGO
(3 x 100 mL), 5% aqueous citric acid (3 x 100 mand brine (3 x 100 mL), dried over

MgSO;, filtered, and concentrated to yield a white s¢lid.2 g, 93.3% vyield).

Compound 3.5 from the acid chloride. Compound3.2 (13.21 g, 56.72 mmol)
was dissolved in 150 mL of anhydrous £ in a 500-mL round-bottomed flask.
Oxalyl chloride (9.95 mL, 114 mmol) was added te@ tbtolorless solution slowly,
followed by a catalytic amount of anhydrous DMF1®.mL, 1.3 mmol). The light
yellow solution bubbled profusely and was stirreéR& under Ar. Bubbling ceased after
~2h, and the reaction became yellow in color. A#tbr the reaction was concentrated
under vacuum, then dissolved in toluene and coratext under vacuum (2x), then
dissolved in CHGland concentrated under vacuum (2x) to yield theemacid chloride.

The crude acid chloride (8.59 g, 34.1 mmol) wassaliged in 170 mL of
anhydrous CBCl, in a 500-mL round-bottomed flask under A3.4 (8.39 g, 36.2 mmol)
was added to the flask and the mixture cooled ini@HO bath under Ar.
Diisopropylethylamine (14.9 mL, 85.6 mmol) was adidie the reaction slowly. Most of

the solid material dissolved, and the light orasgkition was warmed to RT and stirred
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under Ar overnight. After 19h, TLC of the reacti(®@0% CHCl,/acetone) indicated the
reaction was complete. The orange solution wasargrated under vacuum to yield an
orange oil. The oil was partitioned between Et@A800 mL) and HO (~150 mL). The
layers were separated and the organic layer wakadawith HO (1 x 100 mL), 5%
citric acid (3 x 100 mL), KD (1 x 100 mL), saturated NaHGQB x 100 mL), HO (1 x
100 mL), and brine (2 x 100 mL), dried over, 8@, filtered and concentrated to yield
3.5 as a fluffy white solid (13.5 g, 97.8% yield). mfi9-126C; *H NMR (300 MHz,
CDCly) & 1.76 (br, 1H, -OH), 3.92 (m = 3.9 Hz, 1H, -NH), 4.89 (dt] = 3.9, 6.9 Hz,
1H, a-CH), 5.12-5.30 (m, 4H, OCHPh), 7.05 (dJ = 8.4 Hz, 1H, Ar-H), 7.11 (d] = 7.8
Hz, 1H, Ar-H), 7.30-7.48 (m, 10H, Ar-H), 8.20 (dii= 1.5, 7.8 Hz, 1H, Ar-H), 8.80 (d,

= 6.6 Hz, 1H, Ar-H) ppm;®C NMR (75 MHz, CDCJ) & 55.62, 63.79, 67.39, 71.47,
113.0, 121.3, 121.7, 128.2, 128.3, 128.6, 128.8,a,232.5, 133.4, 135.5, 135.7, 157.2,

165.8, 170.4 ppm; HRMS-FABI(2) [M + H]* found 406.

PEG-supported Burgess’'s Reagent (3.7)Polyethylene glycol (PEG) (6.96 g,
9.29 mmol) was dried in vacuo for 4 h and addegwise as a solution in 20 mL of
benzene to a solution of chlorosulfonyl isocyandt@0 g, 0.74 mL, 8.47 mmol) in 20
mL of benzene at RT. The reaction was allowedtitofsr an additional 1h before
concentrating to yield a yellow-tan oil. The oiasvstored under vacuum overnight. The

oil was dissolved in 20 mL of benzene and addeg@wlise to a solution of BN (1.97 g,
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2.74 mL, 19.5 mmol) in 15 mL of benzene at RT. Thaction was stirred for an

additional 15 min, filtered, and concentrated to@f a tan solid (8.14 g). mp ~ 20-25 °C.

0
< \>%\1
N™ “co,Bn

OBn
(S)-Benzyl 2-(2-(benzyloxy)phenyl)-4,5-dihydrooxazold-carboxylate (3.8)
using PEG-Burgess reagent. Compound3.5 (0.59 g, 1.46 mmol) and compouBd/
(2.8 g, 2.8 mmol) were dissolved in 10 mL 1:1 TH&X&ne at RT. The reaction was
heated to 95 °C for 3 h. The solvent was remowedeld a yellow oil. Chromatography
through silica gel using a solvent system of 95%CIHEtOAC provided3.8 as a white

solid (0.428 g ,76%).

General procedure for the preparation of oxazolinesising DAST. Oxazoline
3.8 using DAST. Amide 3.5 (3.27 g, 8.07 mmol) was dissolved in 100 mL of,CH
under Ar. The solution was cooled to -78 °C (amw/acetone bath) and DAST (1.20 mL,
9.16 mmol) was added dropwise over 4 min. Theti@agvas stirred at -78 °C for 3.5 h.
The reaction was monitored by TLC (1:1 hexanes/EtOA UV lamp) for the
disappearance of ami@e5. K,CO; (3.03 g, 21.9 mmol) was added to the reactiomm o
portion and the mixture was allowed to reach RTreMemin. The mixture was poured
into 100 mL of saturated NaHG@nd the layers were separated. The aqueousvaager
extracted with CHCI, (3 x 50 mL). The combined organic layers wereheaswith HO
(2 x 100 mL) and brine (2 x 100 mL), dried over M@Sfiltered, and concentrated to

yield a yellow oil that solidified in the freezevernight. Recrystallized from MeOH to
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yield oxazoline3.8 as a white solid (2.87 g, 91.7%). mp = 69-70 *6.NMR (CDCl,
300 MHz)& 4.55-5.70 (m, 2H), 5.03 (dd,= 7.9, 10.6 Hz, 1H), 5.20-5.32 (m, 4H), 7.00
(m, 2H), 7.27-7.44 (m, 10H), 7.50 (d@i= 0.9, 8.1 Hz, 2H), 7.82 (ddd,= 0.6, 1.8, 8.1
Hz, 1H) ppm. *C NMR (125 MHz, CDCJ) & 171.0, 165.7, 157.6, 136.8, 135.5, 132.6,
131.6, 128.5, 128.4, 128.3, 128.2, 127.5, 126.0,12417.2, 113.8, 70.6, 69.2, 68.8, 67.1
ppm. []p?® = +105 ° (c = 1, MeOH). HRMS (FABJ/z[M+H] " calcd, 388.1549; obsd,

388.1549.

0
4 \>%\ 1
N™ “co,H

OH
(9)-2-(2-Hydroxy-phenyl)-4,5-dihydro-oxazole-4-carboylic acid (2.62). To

an Ar-purged solution d3.8(2.00 g, 5.16 mmol) in MeOH (100 mL) was addeda%

Pd/C catalyst (3.75 mg, 18 wt %). The solution wtsed under Kl (balloon) for 3.5h.

The reaction was filtered through celite and thieate was concentrated and triturated

from EtOAc/hexanes to yield.62as a white solid (1.06 g, 99%). mp 149-150 °Cn@gur

pink). *H NMR (500 MHz, §-DMSO, 30 °C)5 7.63 (dd,J = 8.0, 2.0 Hz, 1H), 7.46 (ddd,

J=9.0, 7.0, 1.5 Hz, 1H), 7.00 (dd~ 8.5, 1.0 Hz, 1H), 6.94 (ddd,= 8.0, 7.5, 1.0 Hz,

1H), 5.02 (dd,J = 10.0, 7.5 Hz, 1H), 4.63 (m, 2H) pprfC NMR (125 MHz, 6-DMSO,

30 °C)d 171.6, 166.1, 159.1, 134.0, 127.9, 119.0, 119,64l 69.2, 66.7 ppm. HRMS

(FAB) m/zcalcd for GoHgNO,4, 208.0610; obsd, 208.0609.
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(S)-Benzyl 2-benzamido-3-hydroxypropanoate (3.9).Compound3.4 (8.018 g,
34.609 mmol) and benzoic acid (4.692 g, 38.42 mmebe added to a flame-dried 500-
mL round-bottomed flask along with 150 mL of dry &Hb under Ar. EN (5.20 mL,
37.0 mmol) was added to the suspension, followed®EDZHCI (7.79 g, 40.6 mmol).
After stirring for 2h under Ar at RT, the suspendedterial had fully dissolved and the
resultant colorless solution was stirred at RT undle overnight. After ~26 h, the
reaction was concentrated and the resultant orangegas partitioned between EtOAc
(300 mL) anduy20 (200 mL). The layers were separated and the aguéyer was
extracted with EtOAc (2 x 150 mL). The combinedamic layers were washed with
H,0 (200 mL), 5% citric acid (3 x 200 mL),.B (1 x 200 mL), saturated NaHG@B x
200 mL), HO (1 x 200 mL), and brine (2 x 200 mL), dried oSO, filtered, and
concentrated to yiel®.9 as a white solid (9.94 g, 95.9% yield). mp = 91°@ *H
NMR (300 MHz, CDC}) & 3.36 (t,J = 5.4 Hz, 1H), 3.90 — 4.05 (m, 2H), 4.82 (dit=
7.5, 3.3 Hz, 1H), 5.15 (s, 2H), 7.29 — 7.34 (m, 7H%2 (t,J = 7.5 Hz, 1H), 7.74 (d] =
7.5 Hz, 2H) ppm.*3C NMR (125 MHz, CDGJ) 3 55.48, 63.41, 127.19, 128.08, 128.44,
128.62, 131.76, 133.93, 135.39, 167.74, 170.44 pptRMS (FAB)m/z [M+H]"* calcd

for C17H17NO4, 300.1236; obsd, 300.1231.
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(S)-Benzyl 2-phenyl-4,5-dihydrooxazole-4-carboxylat¢3.10). Compound3.9

CO,Bn

(5.123 g, 17.12 mmol) was dissolved in 100 mL of,CHl in a flame-dried 250-mL
round-bottomed flask and cooled to -78°C in a dcg/acetone bath under Ar.
Diethylaminosulfur trifluoride (2.50 mL, 18.9 mmolNas added dropwise to the reaction
over ~5 min. The reaction was stirred under Ar78°C. After 4 h, the reaction was
complete by TLC (1:1 hexanes/EtOAc - UV lamp), &€ 05 (6.31 g, 45.7 mmol) was
added to the reaction in one portion. The reactrtas removed from the dry ice/acetone
bath and allowed to warm to RT under Ar over ~3@ mihile stirring. The solution was
poured into ~100 mL of saturated NaHCénd HO was added until all of the solid
material had dissolved. The layers were separateldthe aqueous layer was extracted
with CH,CI, (3 x 60 mL). The combined GBI, layers were washed with saturated
NaHCQO; (1 x 80 mL), HO (2 x 80 mL), and brine (1 x 80 mL), dried over,S8@y,
filtered, and concentrated to yield a yellow oibthsolidified upon storage at -10°C
overnight to a white solid (4.96 g). Recrystalliaat from EtOAc/hexanes afforded
oxazoline3.10as a white solid (4.103 g, 85.2% vyield). mp =5002C. *H NMR (500
MHz, CDCk) & 7.99 (m, 2H), 7.50 (m, 1H), 7.42-7.32 (m, 7H),&(@,J = 12 Hz, 1H),
5.22 (d,J = 12 Hz, 1H), 4.98 (dd] = 10.5, 8.0 Hz, 1H), 4.67 (§,= 8.5 Hz, 1H), 4.60
(dd, J = 10.5, 8.5 Hz, 1H) ppm2*C NMR (125 MHz, CDG)) & 170.9, 166.3, 135.3,

131.8, 128.49, 128.47, 128.31, 128.26, 128.2, 1835, 68.6, 67.2 ppm.
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(S)-2-Phenyl-4,5-dihydrooxazole-4-carboxylic acid (31). To an Ar-purged

CO,H

solution 0f3.10(1.71 g, 6.07 mmol) in MeOH (50 mL) was added 19owPd/C catalyst
(0.283 g, 17 wt %). The solution was stirred unidgi(balloon) for 2.5h. The reaction
was filtered through celite and the filtrate wasn@entrated and triturated from
EtOAc/hexanes to yiel@.11 as an off-white solid (1.16 g, 99%). mp 128-131(f@ns
red at 125 °C).*H NMR (300 MHz, §-DMS0) & 7.89 (d,J = 7.2 Hz, 2H), 7.58 (m, 1H),

7.49 (m, 2H), 4.86 (m, 1H), 4.62-5.51 (m, 2H) ppm.

_ _OH
o, :
HsN~ >CO,Bn
D-Serine benzyl ester hydrochloride (3.12). Compound3.12 was prepared
following the same procedure used for compo8rd BocD-serine (2.00 g, 9.77 mmol)

afforded3.12as a white solid (2.10 g, 93%).

o _OH

©)LN/\COZBn
H

(R)-Benzyl 2-benzamido-3-hydroxypropanoate (3.13). Compound3.13 was
prepared following the same procedure used for cam@3.9. Benzoic acid (0.250 g,
2.05 mmol) and3.12 (0.401 g, 1.73 mmol) provide8.13 Recrystallization from
EtOAc/hexanes provide8.13 as a white solid (0.386 g, 75%). mp = 103-104 °8.

NMR (300 MHz, CDCY) & 7.80 (d,J = 7.5 Hz, 1H), 7.49 (m, 1H), 7.34 - 7.41 (m, 5H),
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7.24 (d,J = 7.5 Hz, 1H), 5.22 (s, 2H), 4.88 (m, 1H), 4.0@,@@= 11.1, 3.6 Hz, 1H), 4.00
(dd, J = 11.4, 3.3 Hz, 1H), 3.05 (br-s, 1H) ppm’C NMR (75 MHz, CDC}) & 170.4,

167.7, 135.1, 133.4, 131.9, 128.60, 128.56, 128.28,1, 127.1, 67.5, 63.3, 55.2 ppm.

(R)-Benzyl 2-(2-(benzyloxy)benzamido)-3-hydroxypropaoate (3.14).
Compound3.14 was prepared following the same procedure usedcdonpound3.5
using EDC-mediated amide coupling.2 (0.476 g, 2.09 mmol) angl.12(0.401 g, 1.73
mmol) provided3.14 Recrystallization from EtOAc/hexanes yielded def3.14 as a
white solid (0.559 g, 80%). mp = 118-120 °&4 NMR (300 MHz, CDC}) & 8.86 (d,J
= 6.9 Hz, 1H), 8.19 (dd] = 8.1, 1.8 Hz, 1H), 7.32 — 7.46 (m, 10H), 7.02.207(m, 2H),
5.17 (s, 2H), 5.13 (m, 2H), 4.88 (m, 1H), 3.91 @Hl), 2.25 (br-s, 1H) ppm**C NMR
(75 MHz, CDC4%) 6 170.1, 165.6, 156.9, 135.5, 135.3, 133.2, 1328,7, 128.3, 128.1,

128.0, 121.5, 112.8, 71.3, 67.2, 63.6, 55.4 ppm.

O—
avs

N">co,en
(R)-Benzyl 2-phenyl-4,5-dihydrooxazole-4-carboxylate(3.15). Compound
3.15was prepared following the same procedure usedxazoline3.10 3.13(0.204 g,
0.682 mmol) and DAST (0.110 mL, 0.839 mmol) proddeazoline3.15as a colorless

oil (0.166 g, 86%).
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(R)-Benzyl 2-(2-(benzyloxy)phenyl)-4,5-dihydrooxazold-carboxylate (3.16).
Compound3.16 was prepared following the same procedure usedXazoline3.10
3.14(0.301 g, 0.743 mmol) and DAST (0.110 mL, 0.839atmrovided oxazolin&.16
Recrystallization from MeOH vyielde8.16 as a white solid (0.201 g, 70%). mp = 60.5-
62.5 °C. 'H NMR (300 MHz, CDC}) & 7.82 (dd,J = 7.8, 1.8 Hz, 1H), 7.50 (m, 2H),
7.27 — 7.43 (m, 9H), 6.99 (m, 2H), 5.25 (m, 2HL%(s, 2H), 5.01 (dd] = 10.5, 7.8 Hz,

1H), 4.53 - 4.69 (m, 2H) ppm.

0
o8
N™ >co,Bn

OBn
Benzyl 2-(2-(benzyloxy)phenyl)oxazole-4-carboxylat€3.17). Compound3.8
(0.101 g, 0.261 mmol) was dissolved in 2.6 mL of,CH in a flame-dried 10-mL flask
under Ar. The solution was cooled in a dry iceface bath maintained at -25 to -20 °C.
Bromotrichloromethane (0.186 g, 0.937 mmol) waseaddropwise to the reaction
followed by 1,8-diazabicyclo[5.4.0Jundec-7-ene @@ ImL, 0.936 mmol). The reaction
was stirred for 5 min in the dry ice/acetone b#tken warmed to 4 °C in an icef@ bath
and stirred for 2.5 h under Ar. The reaction waplete by TLC (3:2 hexanes/EtOAC —
UV lamp) and the reaction was warmed to RT. Thetuné was quenched with saturated
NaHCQ;, then poured into 10 mL of saturated NaHC&nd diluted with 12 mL of
EtOAc. The layers were separated and the aquagas\vas extracted with EtOAC (3 x

10 mL). The combined organic layers were washel fine (10 mL), 1M HCI (2 x 10
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mL), brine (10 mL), 0.5% NaOCI (2 x 10 mL), andr®i(2 x 10 mL), dried over MgSQ©
filtered, and concentrated to yield an oil resid@hromatography through 13 g of silica
using 100% CHCl, provided oxazol&.17 as a colorless oil (70.6 mg, 70%% NMR
(300 MHz, CDC}) & 8.32 (s, 1H), 8.07 (dd} = 8.1, 1.8 Hz, 1H), 7.53 (m, 2H), 7.29 —
7.49 (m, 9H), 7.06 (m, 2H), 5.41 (s, 2H), 5.222d) ppm. *C NMR (75 MHz, CDC})

0 161.4, 161.3, 156.7, 143.9, 135.6, 133.9, 1323411, 128.54, 128.46, 128.3, 127.7,

126.8, 121.0, 116.2, 113.5, 70.5, 66.6 ppm.

OH
(0]

N/[COZMe
H
OBn

(S)-Methyl 2-(2-(benzyloxy)benzamido)-3-hydroxypropamate (3.19).
Compound3.19 was prepared following the same procedure usedcdonpound3.5
using EDC-mediated amide formatior3.18 (3.15 g, 20.3 mmol)3.2 (5.55 g, 24.3
mmol), EgN (3.33 mL, 24.0 mmol), and EDC<HCI (4.50 g, 23.5hal) provided amide
3.19as a white solid (6.19 g, 93%). mp = 127-128 %6.NMR (500 MHz, CDC}J) 5
8.78 (d,J = 7.0 Hz, 1H), 8.18 (dd] = 7.5, 1.5 Hz, 1H), 7.48 — 7.35 (m, 5H), 7.06 637.

(m, 2H), 5.22 (m, 2H), 4.82 (m, 1H), 3.88 (m, 2B)68 (s, 3H) ppm.

0
¢ ?%\1
N™ >co,Me

OoBn
(S)-Methyl 2-(2-(benzyloxy)phenyl)-4,5-dihydrooxazolet-carboxylate (3.20).
Prepared following the same procedure used for aixez3.10 3.19 (6.78 g, 20.6

mmol) and DAST (3.00 mL, 22.7 mmol) provided oxazel3.2Q0 Recrystallization
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from MeOH provided shiny, off-white crystals (5.57 87%). mp = 121-123 °CH
NMR (300 MHz, CDC}) & 7.81 (dd,J = 13, 2.5 Hz, 1H), 7.50 (m, 2H), 7.42 — 7.28 (m,
4H), 7.01 — 6.95 (m, 2H), 5.18 (s, 2H), 4.97 (d&; 17.5, 13.5 Hz, 1H), 4.67 @,= 13.5
Hz, 1H), 4.57 (ddJ = 17.5, 14.5 Hz, 1H), 3.80 (s, 3H) ppn°’C NMR (125 MHz,
CDCl) &6 171.7, 165.6, 157.6, 136.8, 132.6, 131.6, 12823.5, 126.7, 120.7, 117.2,
113.7, 70.6, 69.1, 68.6, 52.5 ppm. HRMS (FABJz [M+H]" calcd for GgH1gNO4,

312.1236; obsd, 312.1247.

(9)-2-(2-(Benzyloxy)phenyl)-N-hydroxy-4,5-dihydrooxamle-4-carboxamide
(3.21). A methanolic solution of KOH (400 mg, 7.14 mmol)5 mL of MeOH (~1.4M)
was slowly added to a solution of hydroxylamine ogthloride (242 mg, 3.48 mmol) in
2.5 mL of MeOH at 0 °C. A solution &.20(509 mg, 1.63 mmol) in 10 mL of MeOH
was added to the reaction and the reaction wasdtor 3h at 0 °C and then stored at -
10 °C overnight. The reaction was acidified tcagparent pH of 4 through the dropwise
addition of 1M HCIl. EtOAc and ¥ were added to the reaction and the biphasic
solution was extracted with EtOAc (3 x 30 mL). Toembined EtOAc layers were
washed with HO (2 x 40 mL) and brine (3 x 40 mL), dried over MSfiltered, and
concentrated to yield hydroxamae21 as a white solid (108 mg, 22%). mp = 115-120
°C (dec.). *H NMR (300 MHz, §-DMSO0) 8 4.45 (t,J = 8.1 Hz, 1H), 4.52 (t] = 8.1 Hz,

1H), 4.67 (dd,J = 9.5, 8.4 Hz, 1H), 5.22 (s, 2H), 7.02Jt 7.3 Hz, 1H), 7.19 (d] = 8.1
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Hz, 1H), 7.27-7.52 (m, 6H), 7.72 (dd,= 7.5, 1.3 Hz, 1H), 9.02 (s, 1H), 10.77 (s, 1H)

ppm. HRMS (FABYM/z[M+H]" calcd for G;H17/N-04", 313.1188; obsd, 313.1198.

General procedure for hydroxamate formation from esers using MgAl and
hydroxylamines. Attempted formation of hydroxamate3.22 from ester 3.20 (Table
3.7, entry 6). O-allylhydroxylamine hydrochloride (0.160 g, 1.46 milinwas suspended
in 5 mL of CHCI, and cooled under Ar in an icef® bath. Trimethylaluminum (2.0M
in heptane, 0.740 mL, 1.48 mmol) was added dropwais# the resultant mixture was
warmed to RT and stirred for 1 h, at which time sloéd material was fully in solution.
The solution was cooled in the ice® bath again as a solution of esg20 (0.250 g,
0.800 mmol) in 5 mL of CkCl, was added dropwise to the reaction. The reaoctias
allowed to reach RT and stirred overnight under A0% Citric acid (5 mL) was added
dropwise to the reaction and the mixture was stiae RT for 1 h. The layers were
separated and the aqueous layer was extractedOMi€l, (3 x 15 mL). The combined
organic layers were washed with 10% citric acidk (25 mL), HO (20 mL), saturated
NaHCQ; (2 x 30 mL), and brine (2 x 40 mL), dried over MgS filtered, and

concentrated.

O

o}
N-Benzyloxy-phthalimide (3.25). Compound3.25was prepared following the
procedure outlined by Welch and SepeX-hydroxyphthalimide (70.0 g, 429 mmol) and

benzyl bromide (55.0 mL, 463 mmol) were dissolve&50 mL of CHCN. The solution
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was warmed and Bl (47.3 g, 65.0 mL, 467 mmol) was added slowlyhe solution.
The mixture was heated at reflux for 6 h until @flthe solid material dissolved. The
reaction was cooled to RT and poured into 300 mH#) and extracted with EtOAc (3
x 500 mL). The combined organic layers were dreacr MgSQ, filtered, and
concentrated to yield a yellow solid. Recrystallian from MeOH provide@®.25as pale
yellow crystals (87.4 g, 80%). mp 142-143°C {Iit41-142°C). *H NMR (300 MHz,

CDCl3) 67.82 - 7.70 (m, 4H), 7.53 (m, 2H), 7.37 (m, 3HRB5(s, 2H) ppm.

e
HoN~C
O-Benzylhydroxylamine hydrochloride, OBHA*HCI (3.27). EtOH (400 mL)
was added to compourgi25 (20.0 g, 79.0 mmol) in a 1-L round-bottomed flaskhe
mixture was heated to 40 °C in an oil bath and drdys hydrazine (2.90 mL, 92.4
mmol) was added. After 1 min, most of the solidenal was in solution. The flask was
equipped with a jacketed condenser and the yellotisn was heated at reflux
overnight (oil bath temp at 100 °C). After a fevinira white solid started to precipitate
out of the solution. After heating to reflux fo8 h, the reaction was allowed to cool to
RT and stirred for an additional 7 h. The mixtwas filtered under vacuum to afford the
by-product3.26 as a white solid (12.7 g, 99%) and a yellow dix. The filtrate was
concentrated under vacuum to afford a yellow sthlat was partitioned between &,
(400 mL) and 3M NaOH (300 mL). The layers wereasafed and the CGi€l, layer was
washed with 3M NaOH (2 x 250 mL),.8 (250 mL), and brine (250 mL), dried over
NaSQ,, filtered, and concentrated to yield fr@ebenzylhydroxylamine as a thin yellow
oil (9.3 g, ~96%).
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The free amine was dissolved in 500 mL of anhydeu®. HCI gas (prepared
by adding conc. HCI to a round-bottomed flask cmitg anhydrous Cagl then
bubbling through conc. 30O, to dry) was bubbled through the solution for 10hmi
White solid began to precipitate out of solutiormediately. After standing for a few
days, HCI was bubbled through the solution for adittonal 45 min (more solid
precipitated out during this time) in order to sata the solution with an excess of HCI.
The white solid was collected via vacuum filtratioithe remaining amount of solid in
the filtrate was collected via vacuum filtratiorrdbigh a coarse glass frit and provided
3.27 as a white solid (10.3 g, 82%). mp = 238 °C (snés). ‘H NMR (300 MHz, §-

DMSO0) 3 11.25 (s, 2H), 7.41 (s, 5H), 5.06 (s, 2H) ppt'C NMR (75 MHz, §-DMSO)

0 133.6, 129.2, 129.0, 128.6, 75.6 ppm.

0
H
\
N<
:\< Nj\,( OBn
OH o

General procedure for hydroxamate formation under a@ueous conditions
using EDCeHCI. (S)-N-(Benzyloxy)-2-(2-hydroxyphenyl)-4,5-dihydrooxazolel-
carboxamide (3.28). Carboxylic acid2.62 (0.105 g, 0.508 mmol) angl.27 (0.245 g,
1.54 mmol) were dissolved in 5 mL of 3:2 THR The apparent pH of the mixture
was adjusted to 4.5 using a dilute aqueous solaidvaOH. EDCeHCI (0.162 g, 0.845
mmol) was added to the reaction in portions and rhigture was stirred at RT,
maintaining an apparent pH of 4.5 by adding aquét@Qkto the reaction mixture. The
reaction was complete when adding portions of EDCl*Ho longer had a significant

effect on the apparent pH of the reaction mixtufee mixture was diluted with 4@ (20
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mL) and extracted with EtOAc (3 x 15 mL). The condd organic layers were washed
with 5% citric acid (3 x 15 mL) and brine (3 x 13 jndried over MgSQ filtered, and
concentrated to yield a white solid (94% cruded)ielChromatography through 15 g of
silica using 95:5 CBCI/EtOAc provided hydroxamatg.28 as a white solid (130.7 mg,
83%). mp = 178-180 °C (turns red, then melts).=R%.302 (1:1 hexanes/EtOAc — UV
lamp). *H NMR (500 MHz, CDCJ) & 11.15 (br-s, 1H), 8.93 (s, 1H), 7.66 (dds 7.5,
1.5 Hz, 1H), 7.42 — 7.31 (m, 6H), 6.99 (dd= 8.5, 0.5 Hz, 1H), 6.90 (m, 1H), 4.93 (s,
2H), 4.88 (dd) = 11, 8.0 Hz, 1H), 4.68 (m, 1H), 4.61 (ddk 11, 9.0 Hz, 1H) ppm?*C
NMR (125 MHz, CDC}) 6 168.0, 167.7, 159.5, 134.4, 129.3, 128.9, 12&8,5], 119.2,
116.8, 109.8, 78.5, 69.3, 66.8 ppm. HRMS (FA®Y [M+H]" calcd for G7H17N,04",

313.1188; obsd, 313.1215.
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(S)-N-(Benzyloxy)-2-phenyl-4,5-dihydrooxazole-4-carboxarmde (3.29).
Compound3.29was prepared following the same procedure usethtpreparation of
hydroxamate3.28 Carboxylic acid3.11 (0.169 g, 0.882 mmol)3.27 (0.422 g, 2.64
mmol) and EDCeHCI (0.262 g, 1.37 mmol) provided topchmate 3.29
Chromatography through 15 g of silica using 4:1,CHEtOAc yielded3.29 as a white
solid (0.103 g, 39%). mp = 104-106 °CH NMR (500 MHz, CDCJ) & 9.38 (s, 1H),
7.85 (d,J = 7.0 Hz, 2H), 7.50 (td] = 7.5, 1.0 Hz, 1H), 7.40 — 7.30 (m, 7H), 4.922(d),
4.77 (dd,J = 11.0, 8.0 Hz, 1H), 4.68 (@,= 8.0 Hz, 1H), 4.62 (dd] = 11.0, 9.0 Hz, 1H)

ppm. *C NMR (125 MHz, CDGJ) 5 168.7, 166.5, 134.8, 132.1, 129.25, 129.21, 128.8,
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128.5, 128.4, 128.0, 126.5, 78.4, 70.1, 67.8 pptRMS (FAB) m/z[M+H]* calcd for

Cl7H17N203+, 297.1239; ObSd, 297.1219.
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N-(Benzyloxy)-2-phenyloxazole-4-carboxamide (3.31).Compound3.31 was
prepared following the same procedure used forptieparation of hydroxamate 28
Carboxylic acid3.30 (0.492 g, 2.60 mmol)3.27 (0.540 g, 3.38 mmol), and EDC<HCI
(0.615 g, 3.21 mmol) provided hydroxam&@&81l Chromatography through 50 g of
silica using a solvent gradient from 100% £ to 90% CHCI,/EtOAc yielded3.31as
a white solid (0.506 g, 66%). mp = 140-142 °C. =R0.21 (95:5 CHCI/EtOACc — UV
lamp). *H NMR (500 MHz, CDCJ) & 9.46 (br-s, 1H), 8.30 (s, 1H), 7.97 (m, 2H), 7.46-
7.38 (m, 8H), 5.06 (s, 2H) ppm*3*C NMR (125 MHz, CDG)) & 161.6, 158.6, 141.4,
135.1, 135.0, 131.2, 129.2, 128.84, 128.77, 1226,6, 126.2, 78.8 ppm. HRMS (FAB)

m/z[M+H]" calcd for G/H1sN>O5", 295.1083; obsd, 295.1073.

o)
H
\
<:2 i N.
Nj\f( OH
OH o

(S)-N-Hydroxy-2-(2-hydroxyphenyl)-4,5-dihydrooxazole4-carboxamide
(3.32). All glassware was washed with 6M HCI, then rinseith H,O and acetone
before using in order to remove residual metalseOM (25 mL) was added t8.28
(0.487 g, 1.56 mmol) in a 100-mL round-bottomedklainder Ar. The solid did not

dissolve completely. EtOAc was added to the mituntil the solid completely
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dissolved (~8 mL). The solution was purged withféwr 10 min and 10 wt% Pd/C (52
mg, ~11 wt%) was added to the solution. The reaotvas purged with Ar for 5 min,
then K for 5 min, then stirred under,Hballoon) for 2 h, after which time a more polar,
FeCk-positive spot was observed by TLC analysis. Haztion was purged with Ar for
10 min, then filtered through a small amount ofteel The filtrate was concentrated to
yield a white solid (336 mg, 98%). mp = 154-155 °BRf = 0.42 (9:1 ChKCl,/MeOH-
UV lamp, FeC} stain). *H NMR (300 MHz, &-DMS0) & 11.69 (s, 1H), 11.04 (s, 1H),
9.11 (s, 1H), 7.63 (dd] = 7.8, 1.5 Hz, 1H), 7.46 (ddd,= 9.0, 7.5, 1.8 Hz, 1H), 7.01 —
6.92 (m, 2H), 4.81 (dd] = 9.9, 7.5 Hz, 1H), 4.64 — 4.51 (m, 2H) ppMC NMR (125
MHz, de-DMSO) 0 166.2, 165.8, 158.9, 133.9, 127.9, 118.9, 11609.7, 68.9, 65.3

ppm. HRMS (FABYM/z[M+H]" calcd for GgH11N-O4", 223.0719; obsd, 223.0711.
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(S)-2-Benzamido-3-hydroxypropanoic acid (3.33). Compound 3.33 was
prepared following the same procedure used fopteparation oR.62 Compound.9
(0.725 g, 2.42 mmol) provide?i33as a white foam (0.516 g, 99% vyieldH NMR (300
MHz, CD;OD) & 7.87 (m, 2H), 7.45 — 7.58 (m, 3H), 4.72Jt 4.2 Hz, 1H), 3.94 — 4.06
(m, 2H) ppm. *C NMR (75 MHz, CROD) & 173.5, 170.2, 135.3, 133.0, 129.6, 128.5,

63.0, 56.8 ppm.
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(S)-3-Hydroxy-2-(2-hydroxybenzamido)propanoic acid (334). Compound
3.34 was prepared following the same procedure usedtHer preparation of.62
Compound3.5(1.41 g, 3.47 mmol) provide8l34 as a light purple foam (0.784 g, 99%).
'H NMR (500 MHz, &-DMSO, 30 °C)3 11.85 (br, 1H), 8.93 (d] = 7.5 Hz, 1H), 7.95
(dd,J = 7.5, 1.0 Hz, 1H), 7.39 (m, 1H), 6.93 (m, 2HB3}(dt,J = 6.5, 4.5 Hz, 1H), 3.86
(dd,J = 16.0, 5.0 Hz, 1H), 3.80 (dd= 11.0, 4.0 Hz, 1H) ppm™C NMR (125 MHz, §-
DMSO, 30 °C)d 171.7, 167.1, 158.3, 133.4, 129.2, 118.9, 11716,5], 61.1, 55.0 ppm.

HRMS (FAB)m/z[M+H]" calcd for GoH12NOs', 226.0715; obsd, 226.0717.
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(S)-N-(1-(Benzyloxyamino)-3-hydroxy-1-oxopropan-2-ybenzamide  (3.35).
Compound3.35was prepared following the same procedure usethtépreparation of
hydroxamate3.28 Carboxylic acid3.33(58 mg, 0.28 mmol)3.27 (51 mg, 0.32 mmol),

and EDC<HCI (65 mg, 0.34 mmol) provid8B5as a white solid (62 mg, 71%).
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(S)-N-(1-(Benzyloxyamino)-3-hydroxy-1-oxopropan-2-yh2-
hydroxybenzamide (3.36). Compound3.36was prepared following the same procedure
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used for the preparation of hydroxamat28 Carboxylic acid3.34 (74 mg, 0.33 mmol),
3.27 (57 mg, 0.36 mmol), and EDC<HCI (73 mg, 0.38 mnmi)vided3.36 as a fluffy

white solid (77 mg, 71%).

S X
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tert-Butyl N-hydroxycarbamate (3.37). Hydroxylamine hydrochloride (10.00 g,
144.0 mmol) was suspended in 240 mL of THF and &0ahH,O in a 1-L flask.
NaHCQ; (24.25 g, 288.7 mmol) was added (some bubblingabasrved). The biphasic
mixture (aq. layer was cloudy) was stirred vigotguat RT for 5-10 min. Dtert-
butyldicarbonate (33.0 g, 151 mmol) was added i@ portion (bubbling observed), and
the mixture was stirred vigorously at RT for 3.75 Tihe mixture was diluted with 200
mL of H,O and 150 mL of EtOAc (most of the solid dissolveahd the aqueous layer
was acidified to an apparent pH of 4 (pH paper)abging a 10 wt% solution of citric
acid (bubbled profusely). The layers were sepdratel the agueous layer was extracted
with EtOAc (3x 150 mL). The combined organic lag/grere washed with brine (1x 200
mL), dried (NaSQy), filtered, and concentrated to yield a colorlegs The oil was dried
under vacuum overnight and providgd7 as a white solid (18.8 g, 98% yield). mp =
47-50 °C. 'H NMR (300 MHz, CDCJ) & 7.28 (br-s, 1H), 1.44 (s, 9H) ppnt’C NMR

(75 MHz, CDC}) 5 158.9, 82.0, 28.1 ppm.
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(¥)-tert-Butyl  3-oxa-2-aza-bicyclo[2.2.1]hept-5-ene-2-carbglate  (3.38).
Freshly cracked cyclopentadiene (8.20 mL, 99.0 mmwalk added to a solution 8f37
(3.24 g, 24.3 mmol) in 4:1 MeOHMD (200 mL) at 4 °C (internal temperature). A
solution of sodium periodate (5.71 g, 26.7 mmolHu® (60 mL) was added dropwise to
the reaction mixture over 35 min. The reaction tavi@ turned slightly yellow after 2
min, and a considerable amount of white solid waseoved. The reaction was stirred for
an additional 1.5 h at 4 °C, then filtered to remdlve solid material and the volume was
reduced with a minimal amount of heating to abdutri.. The mixture was diluted with
H,0 (30 mL), and brine (50 mL), and extracted witl®E&t (5 x 85 mL). The combined
organic layers were washed with brine (3 x 85 ndr)jed over MgS@ filtered, and
concentrated to a brown oil. The oil was chromiaphed through 150 g of silica using
4:1 hexanes/EtOAc to yield a yellow oil. Recryistation from hexanes yieldegl38 as
a white solid (2.76 g, 58%). mp = 43-45 °H NMR (500 MHz, CDC}) 4 6.36 (m,
2H), 5.16 (m, 1H), 4.93 (m, 1H), 1.93 (dt= 8.5, 2.0 Hz, 1H), 1.68 (d,= 8.5 Hz, 1H),
1.41 (s, 9H) ppm.1*C NMR (125 MHz, CDGJ) 5 158.5, 134.0, 132.9, 83.5, 82.0, 64.9,

48.0, 28.1 ppm.

®
(x)-tert-Butyl 3-oxa-2-aza-bicyclo[2.2.2]oct-5-ene-2-carbglate (3.39).
Compound3.39was prepared following the same procedure usedycioadduct3.38
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3.37 (3.23 g, 24.3 mmol), 1,3-cyclohexadiene (4.0 mlL.94 mmol), and sodium
periodate (5.63 g, 26.3 mmol) provided a crude geamil. Chromatography through 200
g of silica using 4:1 hexanes/EtOAc yield@@9 as an orange oil that solidified to an
orange waxy solid upon storage (3.53 g, 69%). RX.49 (1:1 hexanes/EtOAc — UV
lamp, CAM stain). *"H NMR (500 MHz, CDCJ) & 6.56 — 6.50 (m, 2H), 4.72 (m, 2H),
2.20 — 2.14 (m, 1H), 2.11 — 2.07 (m, 1H), 1.50441(m, 1H), 1.45 (s, 9H), 1.36 — 1.31
(m, 1H) ppm.*C NMR (125 MHz, CDGJ) 5 157.7, 131.7, 131.5, 81.6, 70.7, 50.1, 28.2,

23.6, 20.5 ppm.

; A\/N/Boc
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(¥)-tert-Butyl 8-oxa-7-aza-bicyclo[4.2.2]dec-9-ene-7-carbgbate (1c). tert-
Butyl hydroxycarbamate (12.1 g, 90.6 mmol) wasalis=d in 470 mL of MeOH in a 1-L
3-necked round-bottomed flask equipped with a meichh stirrer and an addition
funnel. The solution was cooled in a crushed ig@®/Hath to 3 °C (internal temperature).
cis,cis-1,3-cyclooctadiene (15.0 mL, 120 mmol) was suspdnoh the reaction while
stirring vigorously and a solution of sodium péiate (20.6 g, 95.3 mmol) in 230 mL of
H,O was added to the reaction dropwise through trditiad funned. After a few
minutes, the reaction turned yellow and a lot ofitevisolid formed. After 1.5 h, the
addition of the Nal@solution was complete and the reaction was stiate2b °C for an
additional 5.5 h. The solid material was removgdiliration and washed with EtOAc

(150 mL) until all of the yellow color was remové&®m the solid. The volume of the

orange filtrate was reduced by rotary evaporatmmalout 300 mL (35-40 °C, 21 mm
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Hg). 250 mL of brine and 200 mL of & were added and the layers were separated.
The aqueous layer was extracted withkCE(3 x 200 mL) and the combined,&tlayers
were washed with brine (2 x 200 mL), dried over gSiltered, and concentrated (35-
40 °C, 21 mm Hg) to yield an orange solid. Thedermaterial was loaded onto silica
and purified in two portions through a Biotage 40bumn using a solvent gradient from
90% CHCl,/hexanes to 100% GBI, to afford1c as a light yellow solid (10.2 g, 47%
yield). mp = 88-89 °C.*"H NMR (500 MHz, CDC}) & 6.37 (dd,J = 9.7, 6.9 Hz, 1H),
5.76 (dd,J = 10.1, 4.4 Hz, 1H), 4.90 (br-m, 1H), 4.56 (br-it{), 2.15-1.96 (m, 2H),
1.80-1.53 (m, 6H), 1.46 (s, 9H) ppntC NMR (125 MHz, CDGJ)) & 157.9, 131.9,
126.2, 81.1, 75.2, 54.0, 34.1, 31.4, 28.0, 25.71 #m. HRMS (FAB)M/z [M+H]"

calcd for GsH,,NO,", 240.1600; obsd, 240.1606.
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(x)-Benzyl 3-oxa-2-aza-bicyclo[2.2.1]hept-5-ene-Z&boxylate (3.42).

Compound3.41(7.34 g, 43.9 mmol) was dissolved in 460 mL of Ntel@ a 3-necked 2-

L flask and cooled to 2 °C (internal temperaturean ice/HO bath. Freshly cracked
cyclopentadiene (18.0 mL, 217 mmol) was added ¢oréaction and sodium periodate
(9.92 g, 46.4 mmol) was added dropwise over 75 riitinite solid formed in the reaction
and the mixture turned yellow in color after a fevn. The reaction was stirred for an
additional 2 h at 2 °C, and workup of the reacticas completed following the workup
procedure for cycloadduc&38-3.40 Chromatography of the crude amber oil through

silica using a solvent gradient from 85% hexand&3Agetto 70% hexanes/EtOAc yielded
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3.42as a yellow oil (6.31 g, 62%)*H NMR (500 MHz, CDCJ) & 7.33 — 7.29 (m, 5H),
6.35 (m, 2H), 5.21 (m, 1H), 5.17 (@= 12.5 Hz, 1H), 5.10 (dJ = 12.5 Hz, 1H), 5.02 (m,
1H), 1.97 (dtJ = 8.5, 2.0 Hz, 1H), 1.72 (d,= 8.5 Hz, 1H) ppm."*C NMR (125 MHz,

CDCl;) 6159.1, 135.4, 134.2, 132.8, 128.3, 128.1, 1277%,64.9, 48.0 ppm.
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(¥)-Benzyl 8-oxa-7-aza-bicyclo[4.2.2]dec-9-ene-7+b@xylate (3.43). 3.41
(5.00 g, 29.9 mmol) was dissolved in 200 mL of MefdHh 1-L flask and cooled to 4 °C
in an ice/HO bath. cis,cis1,3-cyclooctadiene (9.5 mL, 76 mmol) was addetpveed
by a solution of sodium periodate (6.47 g, 30.3 mnmoH,O (0.43 M solution) dropwise
over 20 min. A lot of white solid was observedfe reaction. The mixture was stirred
vigorously at 4 °C for 1.5 h, then allowed to re&h slowly. After 6 h, workup of the
reaction was completed following the workup progedor cycloadduct8.38-3.40 The
crude amber oil was purified through silica usingpévent gradient from 95% GBI, to
100% CHCl, and vyielded3.43 as an amber oil (3.35 g, 41%}H NMR (300 MHz,
CDCly) 3 7.35 (m, 5H), 6.36 (dd] = 10.2, 6.9 Hz, 1H), 5.79 (dd,= 10.2, 4.5 Hz, 1H),
5.18 (m, 2H), 4.93 (br-m, 1H), 4.68 (br-m, 1H),221.60 (m, 8H) ppm**C NMR (75
MHz, CDCk) 6 157.9, 136.1, 131.7, 128.4, 128.0, 127.8, 126540,767.6, 34.2, 31.4,
25.4, 22.2 ppm. HRMS (FABn/z [M+H]" calcd for GeHooNOs', 274.1443; obsd,

274.1440.
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General procedure for acylnitroso HDA reaction usig BusNIO 4 as oxidant.
Preparation of cycloadduct 3.40 (Table 3.4, entry 4 Tetrabutylammonium periodate
(4.31 g, 9.92 mmol) was dissolved in 30 mL of LLH in a flame-dried 200-mL flask
under Ar. The solution was cooled in an icgHbath andcis,cis1,3-cyclooctadiene
(2.50 mL, 12.0 mmol) was added. A solution3d87 (1.32 g, 9.89 mmol) in 20 mL of
CH.CI, was added dropwise to the reaction using an aaditinnel over a period of ~20
min. The reaction turned yellow, and a white solias observed after the addition was
complete. The reaction was stirred under Ar, athgwthe ice/HO bath to melt and the
reaction to reach RT gradually. During this tintlee reaction became orange. The
mixture was stirred overnight under Ar (24 h). Mosthe solid had dissolved, and the
reaction was reddish-orange in color. The reactvas washed with $ (2 x 50 mL)
and brine (50 mL), dried over MgQ@iltered, and concentrated. The crude materasd w
filtered through a plug of silica gel (~30 g), ehgiwith EtO (300 mL). The yellow
filtrate was concentrated by rotary evaporationyield a light yellow solid (1.54 g,
65.1% vyield). 1H-NMR shows residual diene. The dsalias dissolved in ~50 mL of
toluene and concentrated by rotary evaporation wahating to get remove the excess

diene, providing.40as a light yellow solid (1.29 g, 54% yield).

General procedure for acylnitroso HDA reaction usig CuCIltBuOOH as
oxidant. Preparation of cycloadduct 3.40 (Table &, entry 6). Compound3.37(1.00
g, 7.52 mmol) was dissolved in 15 mL of &, in a 50-mL round-bottomed flask under
Ar and cooled in a -20 °C dry ice/acetone bath.CIC{111.3 mg, 1.124 mmol) was

added, followed by 5.0 Nert-butylhydroperoxide in decane (1.6 mL, 8.0 mmdfter 5
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min, the reaction was removed from the dry icet@oetbath and stirred in an ice®
bath. The reaction was stirred in the icg&dtbath as it slowly melted. The reaction color
changed from colorless to yellow, then green, tthark green, then finally blue over the
course of the reaction. The reaction was quenblyeatiding 10 wt% sodium thiosulfate
(20 mL). The layers were separated and theGIHlayer was washed with 10 wt%
sodium thiosulfate (20 mL), 4 (2 x 20 mL), brine (2 x 20 mL), dried over Mggs0O
filtered, and concentrated by rotary evaporatiob®(3 21 torr) to yield a blue liquid.
The liquid was stored at 4 °C overnight to affordight blue solid. Chromatography
through 150 g of silica using 100% &, provided 3.40 as a light blue solid,

contaminated with Cu-salts (0.587 g, 32.6% yield).

General procedure for performing acylnitroso HDA reaction using
FeCly/H,0O, as oxidant. Preparation of cycloadduct 3.43 (Tabkl 3.4, entry 7).
Compound3.41 (5.07 g, 30.3 mmol) was dissolved in 50 mL of CH in a 250-mL
round-bottomed flask. Cis,cis1,3-cyclooctadiene (4.0 mL, 32.1 mmol) was added,
followed by FeCd*6H,0O (249.8 mg, 0.924 mmol, 3.0 mol%) and 1,2-ethydes@ine
(0.31 mL, 4.63 mmol, 15.2 mol%). The yellow sahutiturned deep red in color upon
the addition of FeGland 1,2-ethylenediamine. To this blood-red sofutvas added 30
wt% aqueous kD, (22.0 mL, 215 mmol) dropwise over 50 min. Bubgliwas observed
as the internal temperature of the reaction climoe85-40 °C. The reaction was stirred
for an additional 1 h at RT. Analysis of the battdCH.CI,) layer by TLC (1.1
hexanes/EtOAc - CAM stain, UV lamp) indicated a ptew mixture. The reaction was

allowed to stir for an additional 4 h. @&, (50 mL) and HO (100 mL) were added and
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the layers were separated. The aqueous layer xtected with CHCI, (3 x 50 mL),
and the combined organic layers were washed wi® (30 mL), and brine (50 mL). No
product was isolated — complex mixture. NOTElaflers were quenched by adding 10

wt% sodium thiosulfate until negative to Kl-statelst paper.

General procedure for preparing an ethereal solutia of diazomethane

(CH2N,) safely from Diazald. [[MPORTANT NOTE Only the proper glassware should

be used for the preparation of diazomethane! Kkgware shouldot have ground-glass
joints and should béee of all cracks and scratched surfaces! A blastldhshould
always be in place when preparing or using diazbaret until all sources of
diazomethane have been quenched!] A solution ez&d (0.867 g, 4.05 mmol) in 10
mL of EtO (0.4 M) was added dropwise to a solution of KQH6 g, 26.0 mmol) in 9
mL of 5:4 EtOH/HO (2.9 M) that was heated in an oil bath (bath t&&0 °C) using
the diazomethane glassware kit. It was importaat the oil bath temperature was
maintained within this range before, during, andrahe addition of the Diazald solution.
The resultant ethereal diazomethane solution wasedmately condensed with a dry
ice/acetone-filled condenser into a flask contgnthe compound to be reacted with
diazomethane, or is condensed into a flask forridigion to alternative reaction
vessel(s). The yellow diazomethane solution isngbhed by the addition of 10 vol%

HOACc in EtO until bubbling ceases and the yellow color hasmetely disappeared.
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(x)-Isoxazolidine-2,3,5-tricarboxylic acid 2-tert-kutyl ester 3,5-dimethyl ester
(3.44). NalO, (6.79 g, 31.7 mmol) was added to a biphasic meafi3.38(1.52 g, 7.70
mmol) in 45 mL of CCJCH;CN/H,O (1:1:1). The mixture was cooled to 0 °C and
RuClkeH,0 (35.7 mg, 0.172 mmol) was added. The solutios stared at 0 °C for 3.5 h.
The solid was removed by filtration. The solid weasshed with several portions of,&t
into the filtrate. The filtrate was separated #mel aqueous was extracted with@&1{3 x
50 mL). The combined organic layers were driedr dwgSQ,, filtered, and concentrated
to yield a light brown oil. The oil was dissolved25 mL EtO and treated with excess
CH2N> (see next procedure below!) at 0 °C. The reaatiaa quenched with 5% HOAc
in H,O. The aqueous layer was made basic (pH ~8) byngdsblid NaHCQ and
saturated NaHC® The aqueous was extracted wiio (3 x 100 mL) and the combined
Et,O layers were dried over MgQJfiltered, and concentrated to yiedd44 as a white
solid (1.40 g, 63% fron3.39. H NMR (300 MHz, CDCJ) & 1.49 (s, 9H), 2.77 - 2.83

(m, 2H), 3.77 (s, 3H), 3.78 (s, 3H), 4.59]& 7.2 Hz, 1H), 4.81 (dd} = 8.1, 5.2 Hz, 1H)

ppm.
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(3)-(3R,69)-2-(tert-Butoxycarbonyl)morpholine-3,6-dicarboxylic acid (346).
NaCOs (0.761 g, 7.18 mmol) was added to a solutioB.89(1.51 g, 7.13 mmol) in 44:1
acetondert-BuOH (60 mL). The solution was cooled to -10 t€2(NaCl/HO bath) and
KMnO, (3.16 g, 20.0 mmol) was added slowly to maintaim iaternal reaction
temperature less than 4 °C. The reaction wasdtat -10 °C for 1 h, and an additional
19 h at 23 °C. The reaction was diluted with 75 o lEtOAc and quenched with 75 mL
of 10% NaS,0s. The reaction was acidified to an apparent pR2 ¢tM HCI), and the
aqueous layer was saturated with NaCl and extrastdd EtOAc (2 x 75 mL). The
combined EtOAc layers were dried over MgSfiitered, and concentrated. Crude diacid
3.46was obtained as an off-white solid (1.65 g, 84.%%d used directly without further

purification.

QOZME
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CO,Me
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Boc

(3)-(3R,69)-2-tert-Butyl 3,6-dimethyl morpholine-2,3,6-tricarboxylate (3.45).
Crude diacid3.46(0.503 g, 1.83 mmol) was stirred as a suspensi@® imL of E3O and
treated with excess GN, at 0 °C. The reaction was quenched with 5% HQAE#O.
The aqueous layer was made basic (pH = 8) with N2dHhd extracted with ED (3 x

15 mL). The combined KD layers were dried over MgQJiltered, and concentrated to
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yield a light yellow oil. The crude material wasrematographed through 50 g of silica
using a solvent gradient from 80% hexanes/EtOAG5% hexanes/EtOAc and provided
3.45as a colorless oil (0.349 g, 63% yield, 53% froynleadduct3.39. *H NMR (300
MHz, CDCk) & 4.78 (d,J = 2.7 Hz, 1H), 4.39 (dd] = 11.7, 2.1 Hz, 1H), 3.76 (s, 3H),
3.74 (s, 3H), 2.41 (m, 1H), 2.02 — 1.70 (m, 4H%91(s, 9H) ppm.*3C NMR (75 MHz,
CDCls) 6 169.87, 168.93, 82.54, 78.86, 52.66, 52.32, 28@%9, 23.52, 17.43 ppm.

HRMS (FAB)m/z[M+H]" calcd for G3H,NO;', 304.1396; obsd, 304.1405.

CO,Bn
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/N
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(1)-(3R,69)-3,6-Dibenzyl 2tert-butyl morpholine-2,3,6-tricarboxylate (3.48).
Crude diacid3.46 (0.520 g, 1.89 mmol) an8l47 (2.95 g, 9.38 mmol) were dissolved in
20 mL of toluene and stirred for 4.5 h at 90-95 °The reaction was filtered, diluted
with CHCl, (20 mL) and concentrated to yield a yellow 0il9&.g). The oil was
chromatographed through silica using 4:1 hexan€g{Etand provided.48 as a light
yellow oil (0.704 g, 82% yield, 69% from cycloaddi&39. ‘H NMR (300 MHz,
CDCls) 5 7.35 — 7.29 (m, 10H), 5.28 — 5.15 (m, 4H), 4.85 {id), 4.45 (dd)) = 12.0, 2,4
Hz, 1H), 2.47 — 2.42 (m, 1H), 2.00 — 1.70 (m, 3H%3 (s, 9H) ppm. HRMS (FAB)/z

[M+H] " calcd for GsHagNO;", 456.2022; obsd, 456.2042.
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O-BenzylN, N’-dicyclohexylisourea (3.47). N, N’-dicyclohexylcarbodiimide
(10.42 g, 50.50 mmol) was added to a flame-drie@-hQ round-bottomed flask under
Ar and placed in a 55 °C oil bath. When the caiibdde completely melted, benzyl
alcohol (5.40 mL, 52.2 mmol) was added, followedQyCl (151 mg, 1.52 mmol). The
mixture was stirred under Ar overnight in the 556iCbath. A small amount of white
solid was observed in the reaction. After 16 Istafing, the brown mixture was cooled
to RT under Ar. The mixture was diluted with 80 rmL.hexanes and filtered through a
plug of neutral alumina (ADs), eluting with 20 mL of hexanes. Green solid rared
on top of the alumina. The colorless filtrate veasmcentrated and dried under vacuum
for 1 h and provide®.47 as a colorless/light yellow oil (14.9 g, 94%). €Ttil was stored
at -10 to 4 °C until ready to uséH NMR (500 MHz, CDCJ) 5 7.40 — 7.28 (m, 5H), 5.13
(s, 2H), 3.57 (br-m, 1H), 3.49 (br-m, 1H), 2.84-(by 1H), 1.94 (m, 2H), 1.77 — 1.69 (m,
6H), 1.60 (m, 2H), 1.32 — 1.07 (m, 10H) pprC NMR (125 MHz, CDGCJ) & 151.1,

138.1, 128.1, 127.4, 127.2, 66.44, 66.41, 54.8,3%.4, 25.9, 25.6, 25.2, 24.9 ppm.

Boc

\

N—-O.

HOZCI,'U‘\\COZH

)
(1)-(3R,89)-2-(tert-Butoxycarbonyl)-1,2-oxazocane-3,8-dicarboxylic adi
(3.50). Prepared using Ru@ Cycloadduct3.40(2.06 g, 8.60 mmol) was dissolved in

3:2:2 HO/CH;CN/CCL, (84 mL) in a 250-mL flask and cooled to 4 °C iniae/HO
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bath. Sodium periodate (7.36 g, 34.4 mmol) wasedddiollowed by ruthenium(lll)

chloride hydrate (45.7 mg, 0.220 mmol). The migtimmediately turned brown and
was stirred vigorously at 4 °C for 30 min, then mad to RT and stirred for an
additional 1.5 h. The white solid was removed iliyation through a pad of celite. The
celite was washed with EtOAc (80 mL) and the fteravas diluted with brine (50 mL).

The aqueous layer was acidified to a pH of 2-3 fiager) using 1M HCI and saturated
with NaCl. The layers were separated and the agukyer was extracted with EtOAc
(3 x 75 mL) and the combined organic layers wershed with brine (2 x 100 mL), dried
over MgSaQ, filtered, and concentrated to yield cruiglé0as a brown/purple oil (2.58 g,

99% crude yield). The crude material was usedctyrevithout purification.

Preparation of diacid 3.50 using KMnQ,. Cycloadduct3.40 (3.07 g, 12.8
mmol) was dissolved in 123 mL of 40:1 acetdBaOH in a 250-mL flask and cooled to
-8 °C (internal temp.) in an ice/NaClé bath. NaCO; (1.43 g, 13.5 mmol) was added
and the suspension was stirred for 2 min. Theeaspn turned from light yellow to
orange, and KMn@(5.67 g, 35.9 mmol) was added to the reaction Igi@wver a period
of 2 min while stirring vigorously. The resultaptirple mixture was stirred in the
ice/NaCl/HO bath for 30 min, during which time the internainperature climbed to -2
°C. The purple/brown slurry was then warmed to &0l stirred vigorously overnight
(20 h). The reaction was quenched by adding 1500MmL0 wt% aqueous N&Os
(exothermic) and was stirred for 15 min at RT. A¢Q(100 mL) was added to the
reaction and the aqueous layer was acidified byngdd M HCI slowly until the brown

agueous mixture became colorless (pH of about 2@k -paper). The layers were
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separated and the aqueous layer was extracted=¢@Ac (3 x 100 mL). The combined
organic layers were washed with brine (2 x 75 ndt)jed over NaSQ,, filtered, and
concentrated to yield crude diaddb0as a yellow foam (3.51 g, 90% crude yield). The

material was used directly without purification.

BOC\

N—O.

MEOZCI.,U‘\\COﬂ\Ae
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(1)-(3R,89)-2-tert-Butyl  3,8-dimethyl  1,2-oxazocane-2,3,8-tricarboxyte
(3.52). Crude diacid3.50 (2.58 g, 8.49 mmol), prepared using Ru@xidation, was
dissolved in 85 mL of ether and cooled in an ic@Hbath. The solution was treated with
excess diazomethane (prepared as an ethereabsoftdm Diazald). The reaction was
stirred for 15 min, then quenched by adding 10 vel@Ac in ether until the yellow tint
disappeared and bubbling ceased. The mixture waeq into saturated NaHG@L50
mL) and the layers were separated. The aqueoas (pi 7-8) was extracted with ether
(2 x 75 mL). The combined organic layers were \edsWith brine (2 x 100 mL), dried
over MgSQ, filtered, and concentrated to yield a brown oil.The oil was
chromatographed through 200 g of silica using avesul gradient from 98%
CH.CI/EtOAC to 95% CHCI,/EtOAC to yield3.52 as a thick yellow oil (2.02 g, 71%

yield from cycloadducB.40.

Preparation of compound 3.52 from cycloadduct 3.4@Qising ozonolysis: Q,
KOH, CH ,Cl,/MeOH.® CycloadducB.40(1.20 g, 5.03 mmol) was dissolved in 40 mL

of CH,Cl, and cooled to -78 °C in a dry ice/acetone bath. mL of 2.5M methanolic
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KOH (25 mmol) was added, and the colorless solutomediately turned light yellow.
The reaction was stirred at -78 °C as ozone wadlbdbthrough the reaction. The
reaction immediately turned bright orange and iprate formed. After 85 min, the
flow of ozone was stopped, the reaction was remdnceed the dry ice/acetone bath, and
the reaction was diluted with /82 (50 mL), then KO (50 mL) until the orange reaction
became completely colorless and the solid dissolvHte reaction was stirred for a few
min to reach RT, then the layers were separatedrendqueous layer was extracted with
Et,O (3 x 75 mL). The combined organic layers wereshvea with brine (2 x 50 mL),
dried over MgSQ filtered, and concentrated to yield a light yell@il (1.36 g, 82%
crude yield). The crude material was loaded oilicasand chromatographed through a
Biotage 40S column (40 g of silica) using 97% CH/EtOAc and provide®.52 as a
light yellow oil (466 mg, 28% vyield)."H NMR (500 MHz, CDCY) & 4.85 — 4.68 (br-m,
1H), 4.44 — 4.28 (br-m, 1H), 3.70 (s, 3H), 3.693H), 2.14 — 2.02 (m, 2H), 1.95 — 1.85
(m, 2H), 1.72 — 1.67 (m, 1H), 1.47 — 1.32 (m, 1@gin. **C NMR (125 MHz, CDGJ) &
170.2, 82.3, 81.1, 80.4, 63.5, 61.9, 52.2, 51.9),288.1, 26.8, 25.8, 24.1, 24.03, 23.99,

23.96 ppm. HRMS (FABn/z[M+H]" calcd for GsH2eNO-", 332.1709; obsd, 332.1685.

HN—O,

MeOZC/,,Q,\\COZMe

()
(¥)-(3R,89)-Dimethyl 1,2-oxazocane-3,8-dicarboxylate (3.53). MeOH (100
mL) was added to a 250-mL round-bottomed flask uidethen cooled in an iced®
bath. Thionyl chloride (4.00 mL, 55.0 mmol) wasdad slowly and the solution was

stirred for 5 min. A solution of crud&50(4.14 g, 13.6 mmol) in 40 mL of MeOH was
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transferred to the flask via cannula, and the reaatas stirred in the iced® bath under
Ar. After 25 min, the reaction was removed frore tbe/HO bath and allowed to stir at
RT. After 22 h, the reaction was concentrated igdya brown oil. The oil was
partitioned between 75 mL of GAIl, and 200 mL of saturated aqueous NaHCO
(bubbled profusely). The layers were separatedtiaméqueous layer (pH 8 - pH paper)
was extracted with Cil; (3 x 75 mL). The combined GBI, layers were washed with
brine (1 x 80 mL), dried (N&Qy), filtered, and concentrated to yield a brown(giR7 g,
72% crude yield). The oil was loaded onto siliod ahromatographed through a Biotage
40S column (40 g of silica) using a solvent gratien 100% CHCI, to 95%
CH.CI,/EtOAc and provide®.53 as a yellow oil (1.93 g, 61% from cycloadd&ct0.

Rf = 0.26 (1:1 hexanes/EtOAc — CAM staifH NMR (500 MHz, CDC}) 8 6.27 (br-s,
1H), 4.22 (dd,) = 10.0, 3.5 Hz, 1H), 3.72 (s, 3H), 3.71 (s, 3HL2- 2.22 (m, 1H), 2.08
— 1.92 (m, 3H), 1.73 — 1.68 (m, 3H), 1.57 — 1.52 {H) ppm. *C NMR (75 MHz,
CDCl) 6 172.4, 171.4, 80.7, 62.0, 51.8, 51.6, 28.0, 28690, 24.1 ppm. HRMS (FAB)

m/z[M+H]" calcd for GoH1gNOs', 232.1185; obsd, 232.1198.

Attempted formation of compounds 3.56 and 3.57 by zonolysis of
cycloadduct 3.40. Cycloadduct3.40 (501 mg, 1.83 mmol) was dissolved in 18 mL of
5:1 CHCI,/MeOH in a single-necked 50-mL round-bottomed flaskhe light yellow
solution was cooled to -78 °C in a dry ice/acettwa¢h and NaHC® (602 mg, 7.17
mmol) was added. Ozone was bubbled into the soluintil the color changed to deep
blue (5 min). The solution was purged with Ar uniie blue color disappeared. The

mixture was allowed to warm to RT and the solid enat was removed by filtration.
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The solid was rinsed with portions of gF, (10 mL), and the filtrate was concentrated
to yield a white foam. The foam was dissolved miyadrous 1:1 ChLCl,/pyridine (20
mL) in a single-necked 100-mL round-bottomed flaskder Ar. Distilled acetic
anhydride (0.70 mL, 7.5 mmol) was added to thetr@a@nd the colorless solution was
stirred under Ar at RT. The solution graduallynes from colorless to yellow, then
yellow/orange. After 2 days, the reaction was emtiated by passing a stream of air
over the solution for ~2 h. The orange residue paastioned between 1M HCI (50 mL)
and EtOAc (30 mL). The layers were separated had¢ueous layer was extracted with
EtOAc (3 x 20 mL). The combined organic layers everashed with 1M HCI (2 x 20
mL), H,O (20 mL), saturated NaHG@2 x 20 mL), and brine (2 x 20 mL), dried over
MgSOQ;, filtered, and concentrated to yield a reddishages sweet-smelling oil (~0.432 g

crude yield). Analysis of the crude material ireded a complex mixture of products.

o~
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(¥)-(2S,6aR)-2-(Hydroxymethyl)-hexahydrooxazolo[3,4-b][1,2]ox@ocin-
9(2H)-one (3.59). CycloadducB.43(1.18 g, 4.32 mmol) was dissolved in 42 mL of 5:1
CH.CI,/MeOH in a single-necked 100-mL round-bottomedkflaad cooled to -78 °C in
a dry ice/acetone. Ozone was bubbled throughigiii yellow solution until the blue
color of ozone was observed in the solution (~5 mifile solution was purged with Ar
until the blue color disappeared then the reactvas removed from the dry ice/acetone

bath and transferred to a crushed ice/Nagl/thath. NaBH (1.02 g, 27.0 mmol) was
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added to the reaction in portions over 60 min. g was observed during this time.
After the addition was complete, the cloudy mixtuwas allowed to slowly reach RT
over 45 min. The volume of the mixture was redulbgdotary evaporation (40-45 °C,
21 mm Hg) to 5 mL, at which time a white preciptatas observed. The mixture was
partitioned between # (50 mL) and EtOAc (50 mL) and the layers wereasaied.
The aqueous layer was extracted with EtOAc (2 xm80 and the combined organic
layers were washed with brine (2 x 30 mL), drieéroMgSQ, filtered, and concentrated
to yield a colorless oil. The oil was chromatodyeg through 150 g of silica gel and
yielded 3.59 as a tan-colored solid (423.3 mg, 48% vyield). =p4-65 °C. *H NMR
(300 MHz, CDC}) 5 4.38 (ddJ = 8.4, 7.5 Hz, 1H), 4.27 (dd,= 11.1, 3.9 Hz, 1H), 3.98
—3.88 (m, 1H), 3.88 (dd),= 11.4, 8.4 Hz, 1H), 3.76 — 3.65 (M, 1H), 3.51.323m, 1H),
1.92 — 1.31 (m, 8H) ppm*C NMR (75 MHz, CDCJ) & 162.1, 85.7, 67.1, 63.4, 60.9,

27.1, 24.8, 22.7, 22.0 ppm. MS (FAB)z[M+H]* at 202.

O

PPN

FsC~ ~O~ “NHOH
2,2,2-Trifluoroethyl N-hydroxycarbamate (3.63). N,N'-Carbonyldiimidazole
(2.468 g, 15.22 mmol) was dissolved in 50 mL ofyaltbus THF in a flame-dried single-
necked 250-mL round-bottomed flask under Ar. Tt tholution was added 2,2,2-
trifluoroethanol (1.00 mL, 13.9 mmol). The resalttaolution was stirred under Ar at RT
for 2 h. In a separate flame-dried single-neck@®-mL round-bottomed flask,
hydroxylamine hydrochloride (1.111 g, 15.99 mmoBsadissolved in about 40 mL of
anhydrous pyridine and transferred via cannuldéofiask containing the acylimidazole.
The light yellow solution immediately became cloudgd warmed slightly. After
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stirring for about 2 h, the reaction was analyzgdrbhC and a FeGlpositive spot was
observed. The reaction mixture was concentratedtla yellow oil/solid mixture was
partitioned between EtOAc (50 mL) and® (50 mL). 6M HCI (10 mL) was added and
the layers were separated. The organic layer veshed with portions of 3M HCI (2 x
25 mL) and brine (20 mL), dried over }&0O,, filtered, concentrated and provid8db3
as a yellow oil (1.29 g, 58% yield). Rf = 0.30 hexanes/EtOAc — FeCstain). *H
NMR (500 MHz, CDC}) & 7.72 (s, 1H), 4.52 (qd} = 8.0, 0.5 Hz, 2H) ppm**C NMR
(125 MHz, CDC}) 8 157.1, 122.6 (q) = 276 Hz), 61.5 (o) = 37 Hz) ppm. MS (FAB)

m/z[M+H]" at 160.

O
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(¥)-2,2,2-Trifluoroethyl 8-oxa-7-aza-bicyclo[4.2.2Jec-9-ene-7-carboxylate
(3.64). Compound3.63(1.289 g, 8.104 mmol) was dissolved in 40 mL othmeol in a
250-mL round-bottomed flask.cis,cis1,3-cyclooctadiene (1.30 mL, 10.4 mmol) was
added. The reaction was stirred vigorously aslatiea of sodium periodate (1.925 g,
8.910 mmol) in 20 mL of kD was added dropwise over about 30 min. A yellolorc
was observed immediately, and a white solid wa®smiesl after a few minutes into the
addition. After the addition was complete, the tmig was stirred vigorously at RT.
After 2 h, no3.63 remained by TLC. The white solid was removed ityation and
washed with EtOAc (10 mL). The volume of the oraridjrate was reduced to half by
rotary evaporation and partitioned between EtOA@ if8L) and brine (50 mL). The

layers were separated and the aqueous was extradtedEtOAC (4 x 25 mL). The
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combined organic layers were washed with briner5, dried over NgSO,, filtered,
and concentrated to yield a brown oil (1.93 g).e ™il was chromatographed through
200 g of silica using a solvent gradient from 90%,Cl.,/hexanes to 100% CRgI, to
yield 3.64 as a yellow oil (1.103 g, 51.3% vyield). The NMpestra for compoun8.64
indicated a significant amount of impurities; howegvthe MS spectrum confirmed the

presence of a 1:1 adduct. MS (FAB)z[M+H]" at 266.
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(¥)-(2S,6aR)-9-Oxo-octahydrooxazolo[3,4-b][1,2]oxazocine-2-caaldehyde

(3.66). Oxalyl chloride (0.12 mL, 1.4 mmol) was addedtmL of anhydrous CCl; in

a flame-dried, single-necked 50-mL round-bottomdakk cooled to -78 °C (dry
ice/acetone) under Ar. In a separate flame-driedlesnecked 10-mL round-bottomed
flask was added anhydrous dimethyl sulfoxide (OrtiZ, 2.4 mmol) to 5 mL of
anhydrous CKECl,. The DMSO solution was added to the oxalyl clderisolution
dropwise over about 1 min and the resultant satuti@s stirred at -78 °C for 10 min
under Ar. In a separate flame-dried single-ne@&anL round-bottomed flask under Ar
was dissolved®.59 (0.151 g, 0.750 mmol) in 5 mL of anhydrous £L#. This solution
was transferred slowly to the flask that contaitte®l oxidant via cannula. The resultant
solution was stirred at -78 °C for 45 min, therttnylamine (0.60 mL, 4.3 mmol) was
added. The reaction was stirred at -78 °C for 2, nthen removed from the dry

ice/acetone bath and allowed to reach RT whileisgjrunder Ar. After 2 h, the reaction
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was diluted with CHCI, (20 mL) and HO (50 mL) and the layers were separated. The
aqueous layer was extracted with £ (2 x 20 mL) and the combined organic layers
were washed with brine (20 mL), dried over MgSfitered, and concentrated to yield a
yellow oil (149 mg). The crude material was anatyoy TLC and was composed of
mostly one spot with the same Rf as the startingenah but that stained darker to CAM
stain. The crude material was chromatographedugfir@0 g of silica using a solvent
gradient from 100% C§Cl, to 90% CHCI,/EtOAc and provided.66 as a yellow oil
(80.5 mg, 54% yield)*H NMR (300 MHz, CDC}) 5 10.14 (s, 1H), 4.40 (dd,= 8.4, 7.2
Hz, 1H), 4.21 (dddJ = 11.4, 2.7, 0.6 Hz, 1H), 3.89 (dd= 11.4, 8.4 Hz, 1H), 3.82 —
3.71 (m, 1H), 2.19 — 2.05 (m, 1H), 2.00 — 1.86 8id), 1.81 — 1.69 (m, 3H), 1.58 — 1.43
(m, 1H) ppm. ¥*C NMR (75 MHz, CDC}) & 204.0, 166.8, 89.0, 66.5, 60.9, 27.4, 24.7,
22.5, 22.0 ppm. HRMS (FABin/z [M+H]" calcd for GH14NO4", 200.1923; obsd,

200.0935.

BocHN CO,Me

MeO,C~ “OH

(#)

(1)-(2R,7S)-Dimethyl  2-(tert-butoxycarbonylamino)-7-hydroxyoctanedioate
(3.69). General procedure for N-O bond reduction sing samarium diiodide (Table
3.5, entry 4). To a flame-dried 50-mL round-bottomed flask underwas added
samarium metal (160 mg, 1.06 mmol, 40 mesh) andL9omanhydrous THF. The

mixture was stirred vigorously and cooled in an/kz® bath to 4°C under Ar.
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Diiodomethane (0.072 mL, 0.89 mmol) was added stamd the mixture was stirred in
the ice/HO bath under Ar. After 15 min, the solution hachtd from colorless to light
yellow to a deep blue-green color (indicating fotima of Smj). After 1.5 h of stirring,
3.52(144 mg, 0.435 mmol) was dissolved in 1 mL of adroys THF in a flame-dried 5-
mL flask under Ar and transferred to the gdlution via cannula. After a few min, the
blue-green color turned to a dark green color. fivther color change was observed.
Reaction progress was monitored by TLC (1:1 hex&t@g\c - CAM stain). After 5 h,
no starting material was observed and a new, maleg ppot (Rf ~0.21) was observed by
TLC. The reaction was diluted with GEl, (30 mL) and 10 wt% aqueous 303 (20
mL) was added to quench the reaction. An emulomed and HO (~50-60 mL) was
added. 1M HCI (~20 mL) was added and the layers weparated. The aqueous layer
was extracted with CiI, (2 x 20 mL). The combined organic layers wereheaswith
IM HCI (1 x 30 mL), dried over MgSQ filtered through a pad of celite, and
concentrated by rotary evaporation (30°C, 21 mm Hgafford a pungent-smelling
yellow/white solid/oil. The crude material was ehmatographed through 50 g of silica
using a solvent gradient from 100% &H, to 80% CHCI,/EtOAc and yielde®.69as a
colorless oil (57.0 mg, 39% yield). Rf = 0.21 (héxanes/EtOAc — CAM stain)'H
NMR (500 MHz, CDC}) & 5.04 (br-d,J = 7.5 Hz, 1H), 4.26 (m, 1H), 4.15 (ddi= 7.5,
4.0 Hz, 1H), 3.76 (s, 3H), 3.71 (s, (3H), 2.52 (Or), 1.79 — 1.73 (m, 2H), 1.64 — 1.57
(m, 2H), 1.41 (s, 9H), 1.45 — 1.33 (m, 4H) ppMC NMR (125 MHz, CDG)) 8 175.6,
173.3, 155.3, 79.8, 70.1, 53.3, 52.5, 52.2, 34205,328.2, 24.9, 24.3 ppm. MS (FAB)

m/z[M+H]" at 334, 278, 234 (base peak), 174.
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General procedure for N-O bond reduction using Mo(©®)s. Attempted
reduction of 3.52 (Table 3.5, entry 2). Compound3.52 (0.101 g, 0.303 mmol) was
dissolved in 15:1 CECN/H,O (4.4 mL) in a 25-mL flask. Molybdenum hexacangdon
(59 mg, 0.22 mmol) was added and the solution weated at reflux (oil bath
temperature 85-100 °C) overnight. The color of skeution changed to yellow, then
deep brown. The mixture was cooled to RT, thenlezbat O °C for 1 h and filtered
through a pad of celite, rinsing the solid residuat portions of EtOAc. The filtrate was
concentrated to yield a pale yellow residue. Asiglyof the crude material did not

indicate the presence of the desired product, comgp®.69

General procedure for N-O bond reduction using Zn/HDac. Attempted
reduction of 3.52 (Table 3.5, entry 3). Zinc dust (0.329 g, 5.03 mmol), previously
activated by rinsing with conc. HCI and drying hretoven, was added 852 (0.100 g,
0.303 mmol) in 2.5 mL of glacial acetic acid in@rhL flask. The mixture was stirred at
RT overnight. Analysis of the mixture only indiedtthe presence @&.52 and the
mixture was heated in an oil bath maintained aB#5C overnight. No change was

observed during this time.

General procedure for N-O bond reduction using Na-l. Attempted
reduction of 3.52 (Table 3.5, entry 5). Compound3.52 (0.122 g, 0.367 mmol) was
added to a flame-dried 25-mL flask and dissolve@:th MeOH/THF (6 mL) under Ar.
The solution was cooled to 4 °C in an icglHbath and Na1PQO, (0.264 g, 1.86 mmol)

was added. 5% sodium-mercury amalgam (0.868 @, h®ol sodium) was added and
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the resultant cloudy mixture was stirred for 2 biquid mercury was observed in the
bottom of the flask and the mixture was warmed 1o R'he mixture was stirred at RT
for 2 h and the solution was decanted from theidigoercury and filtered through celite.
Multiple portions of EtOAc and MeOH were added he reaction flask, decanted from
the residual mercury, and filtered through celiféne filtrate was concentrated to yield a
white solid. Analysis of the solid material didtrindicate the presence of the desired

compound.

General procedure for N-O bond reduction using hydogenolysis. Attempted
reduction of 3.53 (Table 3.5, entry 7). Acetyl chloride (0.075 mL, 1.1 mmol) was
added to 5 mL of anhydrous methanol under Ar irb@-&L Parr bomb. After 30 min,
3.53(0.204 g, 0.882 mmol) in 5 mL of methanol was ablded the Parr bomb was
evacuated and purged with Ar (2x). 10% Pd/C (33 fr§ywt%) was added and the
reaction flask was evacuated and purged with A}, ({Bxen evacuated and purged with H
(2x). The mixture was shaken undes 2.8 bar, 30 psi) using a Parr hydrogenation
apparatus for 6 h. The mixture was evacuated amged with Ar (3x), then filtered
through celite. The filtrate was concentrateditddya pale yellow residue. Analysis of
the residue indicated mostB/53 remained in the mixture in addition to a small amio
of baseline ninhydrin-positive material (presumadntyine3.70 and a less polar product.

Transesterification may have occurred in the reactbut this was not confirmed.
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HO\@ANHBOC

&

(x)-tert-Butyl (1R,4S)-4-hydroxycyclopent-2-enylcarbamate (3.72).
Cycloadduct3.38 (1.11 g, 5.63 mmol) was dissolved in 20 mL of £€H3;CN/H+O.
Mo(CO) (598 mg, 2.27 mmol) was added, followed by NaBI86Q( mg, 17.4 mmol).
The reaction bubbled and turned bright yellow. Téwction was heated to 70 °C with a
condenser and stirred under mild reflux. The feacturned brown after 30 min. The
reaction was monitored by TLC (1:1 hexanes/EtOA&fter 12 h, the reaction was
cooled to room temperature and then cooled to fG0 min. The reaction was filtered
through a pad of celite to remove the solid. Théte was washed with EtOAc and
CH3CN and the yellow filtrate was concentrated todialdark yellow oil (1.29 g). The
oil was chromatographed through 100 g of silicangisi:1 hexanes/EtOAc to yieRI71
as a yellow oil (898 mg, 80%). Rf =0.20 (1:1 hees/EtOAc — UV lamp, CAM stain).
'H NMR (500 MHz, CDCJ) & 5.94 (m, 1H), 5.80 (m, 1H), 5.01 (m, 1H), 4.65 (th),
4.42 (m, 1H), 3.37 (br, 1H), 2.69 (m, 1H), 1.49J& 14.5 Hz, 1H), 1.41 (s, 10H) ppm.

13C NMR (125 MHz, CDGJ) & 155.3, 136.0, 134.1, 79.5, 75.0, 54.7, 41.3, Pr.

H0—<;><NHBOC

&)
(¥)-tert-Butyl (1R,4S)-4-hydroxycyclohex-2-enylcarbamate (3.72). Prepared
following the same procedure used a7l Cycloadduct3.39 (1.05 g, 4.97 mmol),
Mo(CO) (525 mg, 1.99 mmol), and NaBKB00 mg, 15.9 mmol) provided a dark yellow

oil (1.12 g). The oil was chromatographed through g of silica using 1:1
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hexanes/EtOAc to yiel®.72 as a yellow oil (903 mg, 85%)'H NMR (300 MHz,
CDCls) 8 5.861 (dgJ = 9.9 Hz, 1H), 5.741 (dd, = 10.2, 2.7 Hz, 1H), 4.596 (br-m, 1H),

4.151 (br-m, 1H), 1.855 (m, 2H), 1.675 (m, 2H),4B84s, 9H) ppm.

AcO\@, NHBoc

)

(x)-Acetic acid 4-tert-butoxycarbonylamino-cyclopert-2-enyl ester (3.73).
Alcohol 3.71 (852 mg, 4.28 mmol) was dissolved in 30 mL of CH. Imidazole (501
mg, 7.36 mmol) was added to the reaction and thetiom was cooled to 0 °C. Acetyl
chloride (0.460 mL, 6.45 mmol) was added slowlythe reaction. A white precipitate
formed. The reaction was stirred overnight and itooed by TLC (1:1 hexanes/EtOAC).
After 18 h, 1 equiv more acetyl chloride was addedhe reaction. No change was
observed after 4 h. The reaction was diluted aartitpned between C}l, and HO.
The aqueous layer (pH 2) was extracted with @K The combined organic layers were
washed with 1M HCI, dried over MNaQ,, filtered, and concentrated to yield an orange oll
(867 mg). The oil was chromatographed through 8@f gsilica using 4:1 to 3:1
hexanes/EtOAc to yield a colorless oil. Recrygtlon from hexanes yielde®l73 as
white needlelike crystals (673 mg, 65%). mp = 486. *H NMR (500 MHz, CDC}) &
5.95 (d,J = 5.5 Hz, 1H), 5.89 (dJ = 5.5 Hz, 1H), 5.49 (m, 1H), 4.65 (m, 1H), 2.79, (m
1H), 2.00 (s, 3H), 1.49 (df = 14.5, 4.0 Hz, 1H), 1.41 (m, 10H) ppn°C NMR (125

MHz, CDCk) 6 170.5, 154.9, 136.9, 132.0, 79.5, 77.4, 54.2,,3833, 21.1 ppm.

254



Aco—<;><NHBoc

)

(¥)-Acetic acid 4-tert-butoxycarbonylamino-cyclohex2-enyl ester (3.74).
Compound 3.74 was prepared following the same procedure for cam@a3.73.
Alcohol 3.72 (903 mg, 4.23 mmol), imidazole (489 mg, 7.18 mmahd acetyl chloride
(0.450 mL, 6.31 mmol) provided a yellow oil (900 Inglrhe oil was chromatographed
through 90 g of silica using 4:1 to 3:1 hexanes/A&t®o yield3.74as a white solid (630
mg, 59%). mp = 82-83 °C*H NMR (500 MHz, CDC}) 3 5.81 (dd,J = 10, 2.5 Hz, 1H),
5.76 (d,J = 10 Hz, 1H), 5.14 (m, 1H), 4.60 (d,= 7.0 Hz, 1H), 4.11 (m, 1H), 2.00 (s,
3H), 1.87 — 1.69 (m, 3H), 1.63 — 1.54 (m, 1H), 1(¢09H) ppm.**C NMR (125 MHz,

CDCl;) 6170.4, 155.1, 133.5, 127.9, 79.4, 68.1, 66.8,,488, 25.7, 21.2 ppm.

TBSO\@/NHBOC

)

(x)-tert-Butyl (1R,49)-4-(tert-butyldimethylsilyloxy)cyclopent-2-
enylcarbamate (3.75). Compound.71(201 mg, 1.01 mmol) was dissolved in 20 mL of
anhydrous DMF in a flame-dried 50-mL round-bottonfladk under Ar. Imidazole (277
mg, 4.07 mmol) was added, followed by TBSCI (303 @1 mmol) and the solution
was stirred at RT under Ar. After 4 h, TLC of teaction (1:1 hexanes/EtOAc - CAM
stain) did not show any starting material and th&ction was complete. The reaction
was concentrated to 10 mL by rotary evaporationO K75 mL) and EtOAc (50 mL)
were added and the layers were separated. Thewsleyer was extracted with EtOAc

(3 x 50 mL), and the combined organic layers weastved with brine (2 x 35 mL), dried
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over MgSQ, filtered, and concentrated to yield a vyellow o0il.The oil was
chromatographed through 30 g of silica using 100P4@, and provided3.75 as a
colorless oil (0.288 g, 91%)'H NMR (500 MHz, CDC}) 3 5.85 — 5.78 (m, 2H), 4.69 (t,
J = 6.0 Hz, 1H), 4.61 (br-m, 1H), 4.57 (br-m, 1H)72 (m, 1H), 1.40 (s, 9H), 1.36 (m,
1H), 0.89 (s, 9H), 0.07 (s, 6H) ppm°C NMR (125 MHz, CDGJ) & 155.1, 136.6, 133.6,

75.4, 54.4, 42.8, 28.4, 25.9, 18.2, -4.7 ppm.

BocHN OOH

&)

(x)-tert-Butyl (1R,4S,2)-4-hydroxycyclooct-2-enylcarbamate (3.76).
Cycloadduct3.40(1.50 g, 6.27 mmol) was dissolved in 64 mL of 16H;CN/H,0 in a
250-mL round-bottomed flask and heated in a 55 €C bath. Molybdenum
hexacarbonyl (1.19 g, 4.52 mmol) was added to ¢laetron in one portion. A jacketed
condenser was attached to the flask and the reasts heated to reflux (oil temp = 95
°C). The reaction turned yellow after 15 min ohtieg, then turned brown and finally
black overnight. After 19 h, the TLC analysis (hdxanes/EtOAc - CAM stain), the of
the reaction showed clean, but incomplete conversm the product. Additional
Mo(CO) (0.462 g, 1.75 mmol) was added (total Mo(CO)6 =eduivalent) and the
reaction was heated to reflux for an additional ZTine reaction was cooled to RT, then
filtered through a pad of celite. The brown fiteavas concentrated to yield a brown oil
and a glassy solid. The mixture was partitionetivben EtOAc (75 mL) and 4@ (75
mL) and the layers were separated. The aqueoas\iggs extracted with EtOAc (3 x 60

mL) and the combined organic layers were washet fuitne (2 x 75 mL), dried over

256



MgSOQ;, filtered, and concentrated to yield a tan solithe crude material was loaded
onto silica and chromatographed through a Biotdyd dolumn (90 g of silica) using a
solvent gradient from 75% GRI,/EtOAc to 60% CHCI,/EtOACc to yield3.76as a white
solid (1.44 g, 95%). mp = 137-139 °C. Rf = 0.25l(hexanes/EtOAc — CAM stainjH
NMR (500 MHz, CDC}) & 5.57 (dd,J = 11, 7.5 Hz, 1H), 5.23 (ddd,= 11.5, 10.5, 1.5
Hz, 1H), 4.63 (br, 1H), 4.34 (br, 1H), 2.44 (br,)1#.91 — 1.81 (m, 2H), 1.61 — 1.53 (m,
2H), 1.48 — 1.41 (m, 3H), 1.41 (s, 9H), 1.33 — (25 1H) ppm. °C NMR (125 MHz,
CDCl) 6 155.2, 134.7, 130.0, 79.4, 69.3, 48.8, 38.2, 38H4, 24.0, 23.4 ppm. HRMS

(FAB) m/z[M+H] " calcd for GaHo4NOs", 242.1756; obsd, 242.1754.

Preparation of 3.76 using Sm. Compound3.76 was prepared following the
general procedure for N-O bond reduction using samadiiodide. Cycloadduc3.40
(102 mg, 0.426 mmol) was treated with 2.5 eq of aam diiodide prepared from
samarium metal (0.161 g, 1.07 mmol) and diiodontezh@.070 mL, 0.87 mmol) and

provided3.76as a white foam after chromatography through d0gilica (81 mg, 79%).

BocHN0,0AC

&)
(¥)-(1S,4R,Z)-4-(tert-Butoxycarbonylamino)cyclooct-2-enyl acetate (3.77)
Alcohol 3.76 (2.59 g, 10.7 mmol) was dissolved in 50 mL of aivoys pyridine in a
flame-dried single-necked 250-mL round-bottomedklainder Ar. Acetic anhydride
(2.50 mL, 26.5 mmol) was added and the light yelkution was stirred at RT under

Ar. After 25 h, the reaction was concentrated btany evaporation to yield a light
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yellow solid. The solid was partitioned between HI (100 mL) and EtOAc (100
mL). The layers were separated and the aqueoas \ias extracted with EtOAc (2 x 40
mL). The combined organic layers were washed wihHCI (2 x 35 mL), HO (35
mL), saturated NaHC£2 x 35 mL), and brine (35 mL), dried over Mg§@ltered, and
concentrated to yield a white solid (2.99 g, 98%ld). Further purification was not
necessary, but could be carried out by chromatdgrabrough silica using a solvent
gradient from 100% C}Cl, to 80% CHCl,. mp = 117-119 °C.*H NMR (500 MHz,
CDCls) 3 5.60 (m, 1H), 5.54 (dd} = 10.2, 7.6 Hz, 1H), 5.33 @,= 9.3 Hz, 1H), 4.57 (br-
m, 1H), 4.37 (br-m, 1H), 2.00 (s, 3H), 1.92 (m, 2/)62-1.44 (m, 4H), 1.41 (s, 9H),
1.36-1.29 (m, 2H) ppm**C NMR (125 MHz, CDG)) 8 170.0, 154.9, 131.2, 129.7, 79.2,
72.1, 49.0, 36.2, 35.1, 28.3, 23.8, 23.0, 21.2 ppRMS (FAB) m/z [M+H]* calcd for

CisHo6NO,", 284.1862; obsd, 284.1847.

BOCHNOOB”

®)

(x)-tert-Butyl (1R,4S,2)-4-(benzyloxy)cyclooct-2-enylcarbamate (3.78).
Alcohol 3.76(0.504 g, 2.09 mmol) was dissoved in 20 mL of aitbys THF under Ar in
a flame-dried 100-mL round-bottomed flask. Benaymide (0.50 mL, 4.5 mmol) was
added and the light yellow solution was cooled ni@e/HO bath under Ar. Sodium
hydride (0.214 g, 50% dispersion in mineral oii&tmmol) was added to the reaction in
one portion. The reaction immediately turned clou@he cloudy suspension was stirred
in the ice/HO bath, slowly reaching RT under Ar overnight. Mored reaction by TLC

(4:1 hexanes/EtOAc - CAM stain). Alcoh8l76 remained after stirring overnight and
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over the weekend (3 days). An additional 20 mlanhydrous THF was added to the
white suspension and the reaction was stirred uvAdat RT. After 2 days (5 days total)
no 3.76 was observed by TLC of the reaction mixture. Téaction was cooled in an
ice/H,O bath and quenched by addingdHdropwise until all of the white solid dissolved
completely (~15 mL - some bubbling observed),CH50 mL) was added and the layers
were separated. The aqueous layer was extractdd B#O (2 x 50 mL), and the
combined organic layers were washed with brine (80xmL), dried over MgS§)
filtered, and concentrated to yield a light yellow The crude material was loaded onto
silica and chromatographed through a 40S Biotagerao (40 g of silica) using a solvent
gradient from 100% hexanes to 80% hexanes/EtOAqamdded3.78as a light yellow
oil (553 mg, 80% yield).*H NMR (500 MHz, CDC}) & 7.41 — 7.28 (m, 5H), 5.67 (ddd,
=11, 7.0, 1.0 Hz, 1H), 5.46 (dddi= 11, 8.0, 1.5 Hz, 1H), 4.73 (d~= 7.0 Hz, 1H), 4.65
(d, J = 11.5 Hz, 1H), 4.49 (d] = 11.5 Hz, 1H), 4.39 (br, 2H), 2.07 — 2.01 (m, 1HP1
(m, 1H), 1.63 — 1.51 (m, 13H), 1.51 (s, 9H), 1.38.29 (m, 1H) ppm.*C NMR (125
MHz, CDCk) 6 155.0, 138.4, 133.1, 132.0, 128.2, 127.7, 127°31,776.2, 70.8, 49.0,
36.7, 35.8, 28.3, 24.2, 23.3 ppm. HRMS (FAB)z [M+H]" calcd for GoH3oNOs",

332.2226; obsd, 332.2200.

BocHNOOTBS

&
(x)-tert-Butyl (1R,4S,2)-4-(tert-butyldimethylsilyloxy)cyclooct-2-
enylcarbamate (3.79). Alcohol 3.76 (1.44 g, 5.96 mmol) was dissolved in 60 mL of

DMF in a single-necked 250-mL round-bottomed flaskler Ar. Imidazole (1.76 g, 25.9

259



mmol) was added, followed by TBSCI (1.81 g, 12.0ai)m The solution was stirred at
RT under Ar. After 2.5 days, the reaction was clatgpby TLC analysis of the reaction
mixture (4:1 hexanes/EtOAc - CAM stain). The yellgolution was concentrated by
rotary evaporation (55 °C, 20 mm Hg) to about 10 then partitioned between@ (50
mL) and EtOAc (100 mL). The layers were separaaed the aqueous layer was
extracted with EtOAc (2 x 75 mL). Some brine wdded to the biphasic mixture during
separation to break the emulsion that formed. ddmbined EtOAc layers were washed
with H,O (50 mL), and brine (2 x 50 mL), dried over MgS@ltered, and concentrated
by rotary evaporation (45 °C, 20 mm Hg) to yiel® 2. of a yellow oil. The oil was
chromatographed through 200 g of silica using avesul gradient from 90%
CH.Cly/hexanes to 100% GBI, and yielded3.79 as a white solid (2.02 g, 95% yield).
mp = 84-85 °C.'H NMR (500 MHz, CDC)) & 5.54 (dd,J = 11.0, 7.0 Hz, 1H), 5.17
(ddd,J = 11.0, 8.5, 1.5 Hz, 1H), 4.53 (br, 2H), 4.34 (b)), 1.89 — 1.79 (m, 2H), 1.55 —
1.44 (m, 5H), 1.43 (s, 9H), 1.31 — 1.24 (m, 1HB8Xs, 9H), 0.063 (s, 3H), 0.057 (s, 3H)
ppm. ¥3c NMR (125 MHz, CDdJ) 6 155.0, 135.7, 128.5, 79.2, 70.2, 49.0, 39.3, 36.9,
28.4, 25.8, 24.2, 23.4, 18.2, -4.6, -4.8 ppm. HRKFAB) m/z [M+H]" calcd for

C1oH3sNOsSi', 356.2621; obsd, 356.2633.

CszN0,0H

€]
(x)-Benzyl (1R,4S,2)-4-hydroxycyclooct-2-enylcarbamate (3.80). Compound
3.80was prepared following the same procedure3ait Cycloadduct3.43 (5.73 g,

21.0 mmol) and molybdenum hexacarbonyl (5.55 ¢) 2dmol) provided a brown solid.
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Chromatography through 180 g of silica using a ei\vgradient from 100% Cil, to
60% CHCI,/EtOAC provided3.80as a white solid (5.01 g, 87%). mp = 125-126 &3.

= 0.18 (1:1 hexanes/EtOAc — CAM staifH NMR (500 MHz, CDCY)) & 7.35 (m, 5H),
5.61 (dd,d = 11.0, 7.5 Hz, 1H), 5.27 (ddd,= 11.0, 8.5, 1.5 Hz, 1H), 5.08 (s, 2H), 4.85
(br, 1H), 4.65 (br, 1H), 4.42 (br, 1H), 2.12 (bH)11.90 (m, 2H), 1.61 (m, 2H), 1.49 (m,
2H), 1.38 — 1.25 (m, 1H) ppm®C NMR (125 MHz, CDGJ) 5 155.6, 136.4, 134.9,
129.7, 128.5, 128.1, 69.4, 66.7, 49.3, 38.3, 38460, 23.3 ppm. HRMS (FAB/z

[M+H] " calcd for GeH2oNOs", 276.1600; obsd, 276.1592.

CszNOOTBS

(&)

(¥)-Benzyl (1R,4S,2)-4-(tert-butyldimethylsilyloxy)cyclooct-2-enylcarbamate
(3.81). Compound3.81was prepared following the same procedure3i@Q Alcohol
3.80(3.00 g, 10.9 mmol), TBDMSCI (3.32 g, 22.0 mmalhd imidazole (2.98 g, 43.8
mmol) provided 4.5 g of crude material. Chromaapiny through 200 g of silica using a
solvent gradient from 90% GRBl,/hexanes to 100% GBI, yielded3.81 as a colorless
oil that solidified upon standing (3.96 g, 93%). pm 80-82 °C. Rf = 0.50 (2:1
hexanes/EtOAc — CAM stain)*H NMR (500 MHz, CDCJ) & 7.35 (m, 5H), 5.58 (m,
1H), 5.21 (ddd) = 10.5, 8.0, 1.5 Hz, 1H), 5.11 (m, 2H), 4.81 (), 4.57 (br, 1H), 4.43
(br, 1H), 1.90 — 1.82 (m, 2H), 1.60 — 1.48 (m, 5HB2 (m, 1H), 0.90 (s, 9H), 0.10 (s,
3H), 0.09 (s, 3H) ppm**C NMR (125 MHz, CDGJ) & 155.4, 136.1, 128.5, 128.3, 128.0,
70.2, 66.6, 49.4, 39.2, 36.7, 25.8, 24.1, 23.42,181.6, -4.9 ppm. HRMS (FABN/z

[M+H] " calcd for GoH3gNO3Si', 390.2464; obsd, 390.2458.
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Attempted Kornblum-DeLaMare rearrangement of 3.40. Cycloadduct3.40
(0.108 g, 0.451 mmol) was dissolved in 5 mL of airbys CHCI, in a flame-dried
single-necked 25-mL round-bottomed flask under Bry triethylamine (0.020 mL, 0.14
mmol) was added and the solution was stirred auRder Ar. After 2 days at RT, only
3.40 was observed by TLC. No change was observed sfieing at RT for a few

additional days or after the addition of excesstliglamine.

(@]
BocHN
OMe
MeO “,
OAc
* O

(¥)-(2S,7R)-Dimethyl  2-acetoxy-7-tert-butoxycarbonylamino)octanedioate
(3.86). Compound3.77 (507.8 mg, 1.792 mmol) was dissolved in 17.5 mL of
CCly/CH3CN/H,0O (2:2:3) in a 50-mL round-bottomed flask, and edoto 4°C in an
ice/HO bath. Nal@(1.542 g, 7.21 mmol) was added to the reactidigvi@d by RuC}
hydrate (15 mg, 0.072 mmol). The reaction immedyaturned light brown. After 1 h
the reaction mixture was still brown and was stira¢ RT. After 3.5 h, the reaction had
become jet black in color. 20 mL of 10% 48805 was added to the reaction and the
mixture was stirred for 10 min before filtering dkuigh a pad of celite and rinsing the
reaction flask with 50 mL of EtOAc. The layersthe filtrate were separated and the
agueous layer (dark green in color, pH 2-3 by pHepawas extracted with EtOAc (3 x

50 mL). The combined organic layers were dried N&SQ,, filtered, and concentrated
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to yield a brown oil (720 mg). The crude matewals dissolved in EO (15 mL) in a 50-
mL flask and treated with excess diazomethane,gpeebfrom Diazald as described in
the general procedure, at 4 °C (icgZHbath). Bubbling was observed in the reaction
flask during the addition of fresh diazomethaneigoh. The reaction was stirred for an
15 min at 4 °C, then was quenched by adding 10 Md#c in EtO slowly until no
bubbles were observed in the reaction. The ligbtvh solution was poured into 50 mL
of saturated NaHC®and the layers were separated. The aqueous (pkeB - pH
paper) was extracted with&t (2 x 20 mL), and the combined.Btlayers were washed
with brine (20 mL), dried over MgSQfiltered, and concentrated to yield a brown oil
(=640 mg). The crude material was chromatographesugh 75 g of silica using a
solvent gradient from 100% GBI, to 80% CHCI,/EtOAc to yield3.86as a yellow oil
(503.5 mg, 74.8% vyield) as well as minor amount$aaf additional products (24.5 mg
and 18 mg, respectively). The byproducts werefulby characterized.*H NMR (500
MHz, CDCh) 8 5.04 (m, 1H), 4.92 (m, 1H), 4.23 (m, 1H), 3.676H), 2.07 (s, 3H), 1.80
— 1.72 (m, 3H), 1.63 — 1.53 (m, 2H), 1.42 — 1.28 {@H) ppm. °C NMR (125 MHz,
CDCl) 6 173.1, 170.5, 170.3, 155.2, 82.2, 79.7, 77.9,,/A39, 52.1, 32.3, 30.7, 28.2,

24.7, 24.6, 20.4 ppm. MS (FAB)/z[M+H]" at 376; 320, 276 (base), 260, 216.

H

/lkN/NHTS

Ph
N'-Benzylidene-4-methylbenzenesulfonohydrazide (3.87 p-
Toluenesulfonylhydrazide (14.24 g, 76.5 mmol) waspgnded in 25 mL of MeOH in a
125-mL Erlenmayer flask. Benzaldehyde (7.0 mL,96&mol), purified from the
benzaldehyde-bisulfite adduct, was added rapidithéoslurry while stirring. The solid
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material dissolved after 1 min and a mildly exothier reaction was observed. The
yellow solution was left to stand and reach RT.teAf few minutes, the product began
to crystallize out of the solution. After 40 mite mixture was filtered under vacuum
and the white crystals were washed with a smalluarhof cold methanol. The crystals
were dried under the aspirator vacuum to yRRI7 as white needle-like crystals (15.675

g, 83% vield). mp = 126-128 °C (lit. 124-125 °C).

General procedure for preparation of phenyldiazomebane from 3.87. A
freshly prepared solution of 1.05 M sodium methexid MeOH (5.30 mL, 5.57 mmol)
was added t8.87(1.48 g, 5.39 mmol) in a single-necked 25-mL rotmttomed flask.
The mixture was swirled until the solid dissolvawlahe resultant yellow solution was
concentrated by rotary evaporation (45 °C, 21 mnm tdgyjield a white solid. The solid
was dried under vacuum (<1 mm Hg) for 30 min. Tlhsk was fitted with a short-path
distillation apparatus and a receiver flask, theacaated (<1 mm Hg). The receiver
flask was cooled to -50 to -60 °C in a dry ice/aoetbath and a safety sheild was set in
front of the apparatus. The flask containing thdrbzone salt was heated in an oil bath.
The oil temperature was raised slowly to ~200 °Cr @60 min. At an oil temperature
of ~110 °C, red phenyldiazomethar3e88 was observed collecting in the receiver flask.
At an oil temperature of ~200 °C, phenyldiazomethaas not observed collecting in the
receiver flask anymore and the oil bath was allowectool to < 100 °C before the
apparatus was disassemble2i88 was used immediately without warming to RT (it has
been reported to be explosive at room temperatuvébrkup procedures for reactions

utilizing phenyldiazomethane follow the same praged used for diazomethane
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reactions. All remaining and excess diphenyldiagibvane was quenched by adding a

dilute solution of acetic acid in ether.

General procedure for oxidative alkene cleavage re#ons using
OsO4/Oxone. Attempted oxidative cleavage of 3.77 (TabB3.6, entry 10). Compound
3.77(148.1 mg, 0.523 mmol) was dissolved in 3 mL dfiyarous DMF in a flame-dried
10-mL round-bottomed flask under Ar. Os(.07 mL, 2.5 wt% inBuOH, 0.006 mmol)
was added to the solution (the reaction turnechsligyellow). After 5 min, Oxone
(1.285 g, 2.09 mmol) was added to the reactiomemortion and the mixture was stirred
vigorously at RT under Ar. The reaction was mamitbby TLC (1:1 hexanes/EtOAc -
CAM stain). After 4 h, some products were obsenmd not the desired dicarboxylic
acid products (Rf was too high, just bel8wW?7), as well as remaining.77. After stirring
overnight at RT, no change was observed. Theiogaatas quenched by adding 6 equiv
of NaSQ; and stirring at RT. Reactions using added sodvicarbonate followed the
same procedure except for the addition of 7 eqgental of NaHCQ® to the reaction

mixture.

General procedure for attempted dihydroxylation of an olefin using
OsO/NMO. Attempted dihydroxylation of 3.77. Compound3.77 (117.3 mg, 0.414
mmol) was dissolved in 4 mL of THF in a single-nedk25-mL round-bottomed flask.
NMO (50 wt% in HO, 0.18 mL, 0.87 mmol) was added to the reactidioied by 2

drops of Os@ (2.5 wt% intBuOH). The solution was stirred at RT. TLC anay4.:1
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hexanes/EtOAc - CAM stain) of the solution afteh4howed only starting material.

After stirring at RT for 2 days, no change was obsé.

General procedure for attempted dihydroxylation of an olefin using
RuCls/NalO4/CeCl;. Attempted dihydroxylation of 3.79. H,O (0.10 mL) was added
to NalQ, (65.2 mg, 0.305 mmol) and Ce&lH,O (10.5 mg, 0.028 mmol) in a 1-dram
vial. The mixture was heated until the color chethp bright yellow, then was cooled in
a crushed ice/lD bath. CHCN (0.30 mL) was added, followed by a 0.1 M aqueous
solution of Rud (0.01 mL, 0.001 mmol). After stirring for 2 miB,79 (71 mg, 0.20
mmol) was added to the brown suspension as a solini EtOAc (0.30 mL). The
mixture was stirred in the icef® bath and analyzed by TLC (1:1 hexanes/EtOAcC -
CAM stain) for the disappearance 879 After 15 min, TLC analysis indicated the
reaction was progressing and two new, more polaisspere observed by TLC, bBi{79
still remained. After 45 min, the initial two nespots had not increased in intensity, but

about 4 new spots started to emerge and a compignrenwas obtained.

BocHN
OMe

MeO~ O
(2)-Dimethyl 2-(tert-butoxycarbonylamino)heptanedioate (3.90). Compound

3.77 (734.5 mg, 2.592 mmol) was dissolved in 21 mL &,Cl,. 5.2 mL of 2.5M

methanolic KOH (13 mmol) was added and the colerlgsdution immediately became

light yellow. The solution was cooled in a dry/meetone bath ands@®, was bubbled
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through the solution. The reaction immediatelyaa a deep tangerine-orange color and
a yellow/orange precipitate formed in the reactiokfter 1 h, the ozone bubbling was
stopped and the reaction was diluted withCE{15 mL) then HO until the reaction
became colorless and the solid material dissoh@dptetely. The tangerine/orange
suspension became a colorless solution as theaeagas warmed to RT. The layers
were separated and the aqueous layer was extradtiecEt,O (3 x 40 mL), and the
combined organic layers were washed with brine (30xmL), dried over MgS§)
filtered, and concentrated to yield a light yellaw (708 mg). TLC analysis (1:1
hexanes/EtOAc - CAM stain) shows clean conversioa mixture of 2 compounds. The
crude material was chromatographed through a 40&@e column (40g of silica) using
a solvent gradient from 70% hexanes/EtOAc to 50%ahes/EtOAc to yielB.69 as a
residue (74 mg, 8%) arl90as a light yellow oil (309 mg, 39%)H NMR (500 MHz,
CDCls) 8 5.00 (d,J = 8.0 Hz, 1H), 4.29 (dd] = 13.5, 8.0 Hz, 1H), 3.73 (s, 3H), 3.66 (s,
3H), 2.30 (tJ = 7.5 Hz, 2H), 1.86 — 1.76 (m, 1H), 1.66 — 1.59 4id), 1.44 (s, 9H), 1.40
— 1.34 (m, 1H) ppm.**C NMR (125 MHz, CDG)) & 173.8, 173.2, 155.3, 79.8, 53.2,
52.2, 51.5, 33.7, 32.4, 28.2, 24.8, 24.4 ppm. MSR) m/z[M+H]* at 304, 248, 204

(base), 144.

General procedure for removal of an acetate using ¥CO3;. Compound 3.69
from saponification of 3.86. Compound3.86(0.398 g, 1.06 mmol) was dissolved in 11
mL of anhydrous methanol in a 100-mL round-bottonfledk under Ar. Potassium
carbonate (0.208 g, 1.51 mmol) was added and thewyenixture was stirred at RT

under Ar. The reaction was monitored by TLC (lekdnes/EtOAc - CAM stain). After
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30 min, only a small amount 886 was observed and a more polar spot was observed.
After 1.5 h, the reaction was partitioned betweei® H25 mL), brine (25 mL), and
EtOAc (30 mL). The layers were separated and thee@us layer was extracted with
EtOAc (2 x 30 mL). The combined organic layers evarashed with brine (25 mL),
dried over MgS@ filtered, and concentrated to yie3d9 as a yellow oil (0.277 g, 78%

yield). See above for characterization data.

(0]
BocHN
OMe
MeO »
‘OBn
@ O

(¥)-(2S,7R)-Dimethyl  2-(benzyloxy)-7-tert-butoxycarbonylamino) octane-
dioate (3.91). Compound3.91 was prepared following the same procedure used for
compound3.90 The use 08.78(469 mg, 1.41 mmol) provided a colorless oil (474d).

The oil was loaded onto silica and chromatograghealigh a Biotage 40S column (40 g
of silica) using a solvent gradient from 100% £ to 90% CHCI,/EtOAc to vyield
3.91 as a yellow oil (118.5 mg, 20%). The product was$ pure by NMR; however,
spectral information for the appropriate NMR signate presented here from the impure
sample:*H NMR (300 MHz, CDCY) & 7.34 (m, 5H), 5.05 (d] = 8.1 Hz, 1H), 4.69 (d]
=11.7 Hz, 1H), 4.38 (d] = 11.7 Hz, 1H), 4.28 (m, 1H), 3.93 {t= 6.3 Hz, 1H), 3.75 (s,
3H), 3.72 (s, 3H), 2.36 — 2.29 (m, 1H), 1.79 — (B0 6H), 1.44 (s, 9H), 1.43 — 1.31 (m,

2H) ppm.
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® O
(¥)-(2R,7S)-Dimethyl 2-(tert-butoxycarbonylamino)-7-(tert-

butyldimethylsilyloxy)octanedioate (3.92). Compound.92was prepared following the
same procedure used 890 The use 08.79(514.7 mg, 1.45 mmol) provided a yellow
oil. The oil was chromatographed through 65 gilidssusing a solvent gradient from
100% CHCI, to 90% CHCI,/EtOACc to afford3.92as a pale yellow oil (351.9 mg, 54%).
The product contained TBS-containing impurities\igR. *H NMR (500 MHz, CDC})

3 4.99 (br, 1H), 4.26 (br, 1H), 4.16 &= 6.0 Hz, 1H), 3.70 (s, 3H), 3.68 (s, 3H), 2.29 (t
J = 7.0 Hz, 1H), 1.77 (m, 1H), 1.69 — 1.64 (m, 2H)63 — 1.55 (m, 1H), 1.41 (s, 9H),
1.38 — 1.29 (m, 2H), 0.90 (s, impurity), 0.87 (5)90.23 (s, impurity), 0.04 (s, 3H), 0.02
(s, 3H) ppm.*C NMR (125 MHz, CDGJ) & 174.1, 173.3, 155.3, 79.8, 72.0, 53.4, 52.1,
51.7, 35.6, 34.8, 32.6, 32.4, 28.3, 25.7, 25.9),2% .8, 24.7, 24.6, 18.2, 17.5, -4.9, -5.0, -
5.4 ppm.

BocHN .~y

Ox

)

'OTBS

(x)-tert-Butyl (2R, 79)-7-(tert-butyldimethylsilyloxy)-1,8-dioxooctan-2-

ylcarbamate (3.93). Compound3.79(149.6 mg, 0.421 mmol) was dissolved in 5 mL of
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4:1 CHCI,/MeOH in a single-necked 25-mL round-bottomed flaskhe solution was
cooled in a dry ice/actone bath to -78 °C and @astr of ozone was bubbled through the
solution. The blue color of ozone was observethan solution after ~5 min, and the
ozone flow was stopped after 10 min. The solutias purged of ozone by bubbling Ar
through the solution until the blue color disapgat® min), and polymer-supported
triphenylphosphine (0.8 mmol/g, 1.2 g, 0.96 mmoBswadded to the reaction. The
mixture was removed from the dry ice/acetone bathsirred at RT for 1.5 h. The PS-
PPh was removed by filtration and washed with L (5-10 mL). The filtrate was
concentrated to yield a light yellow oil (146 mgide). The crude material was analyzed
by TLC (2:1 hexanes/EtOAc - CAM stain) and was cosgal of one major spot plus
some baseline material. The oil was chromatogmhpeugh 20 g of silica gel using a
solvent gradient from 100% GBI, to 85% CHCI,/EtOAc to afford3.93 as a colorless
oil (113.0 mg, 69.3%).*H NMR (500 MHz, CDC}) & 9.56 (d,J = 1.0 Hz, 1H), 9.55 (s,
1H), 5.07 (dJ = 6.5 Hz, 1H), 4.19 (dd] = 7.0, 6.0 Hz, 1H), 3.99 (m, 1H), 1.88 (m, 1H),
1.61 (m, 2H), 1.43 (s, 9H), 1.37 (m, 4H), 0.9098l), 0.06 (s, 3H), 0.05 (s, 3H) ppm.
¥C NMR (125 MHz, CDGJ) 6 204.1, 199.7, 155.5, 80.0, 77.3, 59.7, 32.3, 28802,
25.7, 25.0, 24.4, 18.1, -4.7, -5.0 ppm. HRMS (FABY [M]" calcd for GgHs/NOsSI",

387.2441; obsd, 387.2446.
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(¥)-tert-Butyl (2R, 7S)-7-(tert-butyldimethylsilyloxy)-1,8-dihydroxyoctan-2-
ylcarbamate (3.94). Compound3.79(3.035 g, 8.535 mmol) was dissolved in 100 mL of
4:1 CHCI,/MeOH in a single-necked 250-mL round-bottomedkilaghe solution was
cooled in a dry ice/actone bath to -78 °C and @astr of ozone was bubbled through the
solution. The blue color of ozone was observethe solution after ~10 min, and the
ozone flow was stopped. The solution was purgeozohe by bubbling Ar through the
solution until the blue color disappated (20 miiihe reaction was removed from the dry
ice/acetone bath and placed in a crushed ice/NaGlth, at which time NaBH2.03,
53.7 mmol) was added to the reaction in portionsr @0 min. Bubbling was observed
and the reaction was allowed to stir in the ice/Md&D bath for 1 h, then warmed to RT
and stirred for an additional 1 h. The reactiors wdduted with HO (100 mL) and
EtOAc (200 mL). The layers were separated andatheeous layer was extracted with
EtOAc (3 x 100 mL). The combined organic layersevevashed with brine (2 x 100
mL), dried over MgSQ filtered, and concentrated to yield a colorless @he oil was
chromatographed through 250 g of silica gel usingotvent gradient from 50%
hexanes/EtOAc to 30% hexanes/EtOAc to yil as a colorless oil (3.30 g, 99%). Rf
= 0.13 (1:1 hexanes/EtOAc — CAM staimH NMR (500 MHz, CDCY) & 4.77 (d,J =
8.0 Hz, 1H), 3.68 (m, 1H), 3.58 (m, 2H), 3.50 (nk)23.41 (m, 1H), 3.08 (br-s, 1H),
2.24 (br-s, 1H), 1.46 (m, 3H), 1.40 (s, 9H), 1.3321(m, 5H), 0.86 (s, 9H), 0.04 (s, 6H)
ppm. *C NMR (125 MHz, CDGJ) 5 156.4, 79.4, 72.6, 66.0, 65.5, 52.5, 33.7, 31843,2
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26.1, 25.8, 25.0, 18.0, -4.6, -4.7 ppm. HRMS (FAB)z [M+H]* calcd for

C19H42NOsSi', 392.2832; obsd, 392.2838.

CbzHN

HO_ -,
OTBS

)

(¥)-Benzyl (2R,7S)-7-(tert-butyldimethylsilyloxy)-1,8-dihydroxyoctan-2-
ylcarbamate (3.95). Compound3.95was prepared following the procedure %P4
3.81(1.949 g, 5.003 mmol) was treated with ozone &t°QC, then NaBHkl (1.23 g, 32.5
mmol) at -10 °C. The crude material was purifiadough 100 g of silica gel using a
solvent gradient from 50% EtOAc/hexanes to 60% EtDAxanes to affor@.95 as a
colorless oil (2.02 g, 95%). Rf=0.11 (1:1 hexaEOAc — CAM stain).*H NMR (500
MHz, CDCk) 8 7.35 (m, 5H), 5.09 (s, 2H), 4.91 @@= 7.5 Hz, 1H), 3.0 (m, 3H), 3.56
(m, 2H), 3.43 (m, 1H), 2.33 (br-s, 1H), 1.96Jt 6.5 Hz, 1H), 1.49-1.25 (m, 8H), 0.89
(s, 9H), 0.07 (s, 6H) ppm>*C NMR (125 MHz, CDGJ) & 156.7, 136.3, 128.5, 128.2,

128.1, 72.6, 66.8, 66.1, 65.5, 53.1, 33.7, 31.3,2%.9, 25.1, 18.1, -4.5, -4.6 ppm.

BocHN

HO
)

“’OH

(¥)-tert-Butyl (2R,75)-1,7,8-trihydroxyoctan-2-ylcarbamate (3.96). Compound

3.94(0.418 g, 1.07 mmol) was dissolved in 5 mL of aoys THF in a flame-dried
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single-necked 25-mL round-bottomed flask under ArBAF (1.0 M, 1.60 mL, 1.60
mmol) was added dropwise and the resultant lightyesolution was stirred at RT
under Ar. After 4.5 h, the reaction was complegeThC analysis (9:1 EtOAc/MeOH -
CAM stain). The reaction was concentrated by yo®raporation (40-45 °C, 21 mm
Hg), and the resultant yellow oil was chromatogeapthrough 10 g of silica gel using a
solvent gradient from 100% EtOAc to 90% EtOAc/Me@Hafford 80 as a colorless oil
(285.5 mg, 87%). The oil solidified upon standfog~1 week.*H NMR (500 MHz, §-
DMSO0) 5 6.32 (d,J = 8.0 Hz, 1H), 4.45 (1) = 5.5 Hz, 1H), 4.32 () = 5.5 Hz, 1H), 4.22
(d,J=5.0 Hz, 1H), 3.33 — 3.28 (m, 2H), 3.26 — 3.19 M), 1.51 — 1.45 (m, 1H), 1.40 —
1.37 (m, 11H), 1.31 — 1.27 (m, 1H), 1.25 — 1.17 4#d) ppm. °C NMR (125 MHz, &
DMSO) 6 155.3, 77.1, 70.9, 65.8, 63.5, 52.1, 33.3, 30891,225.6, 25.1 ppm. HRMS

(FAB) m/z[M+H]" calcd for GsH2gNOs", 278.1967; obsd, 278.1952.

CbzHN

HO
®)

"'OH

(x)-Benzyl (2R,7S)-1,7,8-trihydroxyoctan-2-ylcarbamate (3.97). Compound
3.97 was prepared following the procedure 86. Compound3.95 (1.00 g, 2.35
mmol) was treated with 3.0 mL of 1.0 M TBAF (3.0 mim The crude material was
purified through 75 g of silica gel using a solvgnadient from 100% EtOAc to 90%
EtOAc/MeOH to yield3.97 as a colorless oil that solidified upon standifg41 g,
88%). mp = 81-83 °C. Rf = 0.26 (9:1 EtOAc/MeOHCAM stain). *H NMR (500

MHz, CD;0D) & 7.35 — 7.28 (m, 5H), 5.07 (s, 2H), 3.58 (br-m, 2Bi}#9 — 3.39 (m, 4H),
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1.62 — 1.30 (m, 8H) ppm**C NMR (125 MHz, CROD) & 158.9, 138.5, 129.5, 129.0,

128.8, 73.2, 67.40, 67.36, 65.4, 54.4, 34.4, 32(3, 26.6 ppm.

BocHN

.,/O

(#) O#

(¥)-tert-Butyl  (R)-6-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)-1-hydroxyhexan-2-
ylcarbamate (3.98). Compound3.96 (1.499 g, 5.405 mmol) was dissolved in 55 mL of
anhydrous THF in a flame-dried single-necked 250+miind-bottomed flask under Ar.
2,2-Dimethoxypropane (0.70 mL, 5.7 mmol) was adtiedhe reaction, followed by
anhydroug-toluenesulfonic acid (48.1 mg, 0.279 mmol). Teaation was stirred at RT
under Ar for 6 h, at which time TLC analysis of tieaction mixture (1.1 hexanes/EtOAc
and 9:1 EtOAc/MeOH - CAM stain) only shows a snaatiount of starting material and
mostly one product. About 300 mg of solid sodiuanbonate was added to the reaction
and the mixture was concentrated by rotary evaorgB0-35 °C, 21 mm Hg) to a
yellow oil. Saturated NaHC{50 mL), HO (20 mL), and EtOAc (75 mL) were added
to the oil and the layers were separated. The gwdlorganic layers were washed with
H,O (50 mL) and brine (50 mL), dried over }$&, filtered, and concentrated to yield a
yellow oil. The oil was purified through 150 g sifica gel using a solvent gradient from
75% hexanes/EtOAc to 33% hexanes/EtOAc to yieldhd lellow oil. The oil was dried
under vacuum (1.5 mm Hg) overnight to aff@&@8as a waxy white solid (1.64 g, 96%).

Rf = 0.14 (1:1 hexanes/EtOAc — CAM stairfH NMR (500 MHz, CDC}) 8 4.73 (d,J =
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7.0 Hz, 1H), 4.10 — 3.98 (m, 2H), 3.62 — 3.54 (hraH), 3.51 — 3.47 (m, 1H), 3.46 (,
= 7.0 Hz, 1H), 2.83 (br, 1H), 1.61 — 1.57 (m, 1H)%2 -1.35 (m, 7H), 1.41 (s, 9H), 1.37
(s, 3H), 1.32 (s, 3H) ppm=>C NMR (125 MHz, CDGJ)) 5 156.4, 108.6, 79.5, 75.9, 69.4,
65.7, 52.6, 33.3, 31.3, 28.3, 26.9, 25.9, 25.7 ppm. HRMS (FABM/z[M+H]* calcd

for C16H3NOs', 318.2280; obsd, 318.2259.

CbzHN

.,/O

() O7k

(x)-Benzyl (R)-6-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)-1-hydroxyhexan-2-
ylcarbamate (3.99). Compound3.99 was prepared following the same procedure for
3.98 The use 0f3.97 (0.641 g, 2.06 mmol), 2,2-dimethoxypropane (0.35, 12.85
mmol), andp-toluenesulfonic acid hydrate (27.8 mg, 0.146 mnpodyvided a yellow oil.
The oil was chromatographed through 75 g of silisang a solvent gradient from 75%
hexanes/EtOAc to 33% hexanes/EtOAc and yiel8&® as an oil that solidified to a
waxy solid upon standing (0.614 g, 85%H NMR (500 MHz, CDC}) & 7.35 — 7.30 (m,
5H), 5.09 (s, 2H), 4.95 (d, = 7.5 Hz, 1H), 4.06 — 3.99 (m, 2H), 3.67 (br-m,)2B.55
(br-m, 1H), 3.47 (t) = 7.5 Hz, 1H), 2.41 (br, 1H), 1.64 -1.24 (m, 8#)39 (s, 3H), 1.34
(s, 3H) ppm.**C NMR (125 MHz, CDGJ) & 156.7, 136.3, 128.5, 128.14, 128.08, 108.7,

75.9, 69.4, 66.8, 65.4, 53.1, 33.3, 31.2, 26.9,2%b.7, 25.6 ppm.
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(¥)-tert-Butyl (R)-6-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)-1-oxohexan-2-
ylcarbamate (3.100). Alcohol 3.98 (0.5158 g, 1.625 mmol) was dissolved in 10 mL of
anhydrous CbLCl; in a flame-dried single-necked 50-mL round-bottdrflask under Ar.
Dess-Matrtin periodinane (15 wt% in @El,, 5.10 mL, 2.40 mmol) was added and the
resultant cloudy yellow mixture was stirred at RThe reaction was monitored by TLC
(1:1 hexanes/EtOAc - CAM stain). After 4 h, stagtimaterial remained and additional
DMP was added (1 mL, ~0.3 eq). After stirring f& rhin, 40 mL of 1:1 saturated
NaHCGy/10 wt% NaS,03; was added to the reaction along with 10 mL of E€OA he
mixture was stirred at RT for 30 min until the soihaterial had completely dissolved.
The layers were separated and the aqueous layeextrasted with EtOAc (3 x 50 mL).
The combined organic layers were washed with sididaHCQ (3 x 50 mL), HO (50
mL) and brine (50 mL), dried over b0, filtered, and concentrated to yield a yellow
oil. The oil was purified through 50 g of silicaing a solvent gradient from 100%
CHCl, to 80% CHCI./EtOAc to afford3.100as a light yellow oil that solidified upon
standing to a waxy solid (0.489 g, 95%). Rf = 02 hexanes/EtOAc — CAM stain).
H NMR (500 MHz, CDC}) 8 9.57 (br-s, 1H), 5.08 (d,= 6.0 Hz, 1H), 4.21 (dd] = 6.5,
6.0 Hz, 1H), 4.06-4.00 (m, 2H), 3.48 Jt= 7.0 Hz, 1H), 1.88 (br-m, 1H), 1.60-1.46 (m,

5H), 1.44 (s, 9H), 1.39 (s, 3H), 1.34 (s, 3H) pphiC NMR (125 MHz, CDGJ) & 199.8,
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155.5, 108.7, 80.1, 75.8, 69.4, 59.7, 33.2, 298B08,26.9, 25.7, 25.6, 25.1 ppm. HRMS

(FAB) m/z [M+H]" calcd for GeH300sN", 316.2124; obsd, 316.2119.

Aldehyde 3.100 from alcohol 3.98 by Swern oxidationOxalyl chloride (0.20
mL, 2.3 mmol) was added to 5 mL of anhydrous,CHin a flame-dried, single-necked
50-mL round-bottomed flask cooled to -78 °C (drg/acetone) under Ar. In a separate
flame-dried single-necked 10-mL round-bottomed Klasas dissolved anhydrous
dimethyl sulfoxide (0.35 mL, 4.9 mmol) in 5 mL ohlaydrous CHCI,. The DMSO
solution was added to the oxalyl chloride solutstowly via cannula and the resultant
solution was stirred at -78 °C for 20 min under An a separate flame-dried single-
necked 25-mL round-bottomed flask under Ar wasahssl 3.98 (0.507 g, 1.60 mmol)
in 10 mL of anhydrous CiLl,. This solution was transferred dropwise to thectien
flask via cannula. The resultant mixture was atirat -78 °C for 1 h, then #& (1.25
mL, 8.89 mmol) was added. The mixture was stifi@dl h at -78 °C, then the dry
ice/acetone bath was removed and the mixture iesed to slowly reach RT under Ar.
After 1 h, the reaction mixture was diluted witaGH(25 mL) and CkCl, (10 mL) and
the layers were separated. The aqueous layerxtrasted with CHCI, (2 x 25 mL) and
the combined CECI, layers were washed with brine (30 mL), dried oMgSO,, and
concentrated to yield an orange oil. The crudeenmadtwas chromatographed through 50
g of silica using a solvent gradient from 100% JCH to 75% CHCI,/EtOAc and

yielded3.100as a yellow oil (0.460 g, 91.3% yield).
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(¥)-(R)-2-(tert-Butoxycarbonylamino)-6-((S)-2,2-dimethyl-1,3-dioxolan-4-
yl)hexanoic acid (3.101). Oxidation using KMn@. Compound3.100 (0.1592 g,
0.5048 mmol) was dissolved in 10 mL of MeOH in agé-necked 50-mL round-
bottomed flask. A solution of KMnO (0.185 g, 1.17 mmol) and
benzyltriethylammonium chloride (5 mg, 0.02 mmai) 15 mL of HO was added and
the mixture was stirred vigorously at RT. The tengpure of the mixture increased
slightly and the color of the mixture changed frol@ep purple to a brownish/purple
color. After 5 h, the reaction was filtered. EtO&0 mL) and HO (10 mL) were added
to the murky brown filtrate. The aqueous layer \aeaslified to pH 3 using 6M HCI (3
drops). 10 wt% sodium meta bisulfite (about 5 migs added and the brown mixture
turned colorless. The layers were separated amddbeous was quickly extracted with
EtOAc (3 x 10 mL). The combined organic layersevdried over MgSQ) filtered, and
concentrated to afford a colorless oil. The oisvdnied under vacuum (1.5 mm Hg) to
afford a colorless oil (152.5 mg, 91.2% yieldHd NMR (300 MHz, CDC}) 5 9.93 (br-s,
1H), 6.31 (m, 1H), 5.11 (d = 8.1 Hz, 1H), 4.27 (m, 1H), 4.07-3.99 (m, 3H¥B(t,J =
6.9 Hz, 1H), 1.82 (m, 1H), 1.66-1.57 (m, 3H), 1432 (m, 2H), 1.42 (s, 9H), 1.38 (s,
3H), 1.32 (s, 3H) ppm.**C NMR (75 MHz, CDCJ) & 176.8, 155.5, 108.7, 80.0, 75.8,

69.3, 53.1, 33.2, 33.1, 32.2, 28.2, 26.8, 25.63,2%b.2 ppm.
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Oxidation conditions for aldehyde 3.100 using NaCl@(Table 3.7, entry 2).
Aldenhyde3.100(55.0 mg, 0.174 mmol) was dissolved in 5 mL of tBUOH/H,O in a
20-mL scintillation vial. 2-Methyl-2-butene (0.40L, 3.8 mmol) was added followed by
sodium chlorite (51.9, 0.574 mmol) and monobasiitsn phosphate (63.9 mg, 0.463
mmol). The mixture was stirred at RT for about,&Hen partitioned between,@ (5
mL) and EtOAc (5 mL). The aqueous layer was cdsefacidified to a pH of 2-3 (pH
paper) using 1M HCI and the layers were separafHte aqueous layer was extracted
with EtOAc (2 x 5 mL) and the combined organic lsyevere dried over N&O,

filtered, and concentrated.

Oxidation conditions for aldehyde 3.100 using OxonéTable 3.7, entry 3).
Aldehyde 3.100 (72.8 mg, 0.231 mmol) was dissolved in 4 mL of DMfFa 20-mL
scintillation vial. Oxone (160 mg, 0.26 mmol) wedded in one portion and the mixture
was stirred at RT for 5 h. The reaction was partéd between 50 (10 mL) and EtOAc
(10 mL). The aqueous layer was a pH of 2-3 (pHepapThe layers were separated and
the aqueous layer was extracted with EtOAc (2 xnl). The combined organic layers

were dried over N& Oy, filtered, and concentrated to afford a residue.

Oxidation conditions for aldehyde 3.100 using AgD (Table 3.7, entry 5).
Aldehyde 3.100 (59.7 mg, 0.189 mmol) was dissolved in 3 mL of Bt a 20 mL
scintillation vial. A solution of silver nitraté82 mg, 0.48 mmol) in 0.5 mL of @ was
added, followed by the dropwise addition of a soluof KOH (62 mg, 1.1 mmol) in 1.5

mL of HO. A brown solid precipitated out of solution imdmtely. The mixture was
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stirred at RT for about 4 h. The brown solid wasoved by filtration and the filtrate
was diluted with EtOAc (5 mL) and B (5 mL). The aqueous layer was carefully
acidified to a pH of about 2-3 (pH paper) using H@I. The layers were separated and
the aqueous layer was extracted with EtOAc (2 xLj.nThe combined organic layers

were dried over N& Oy, filtered, and concentrated to afford a residue.

BocHN
OMe

o

®) Of

(2)-(R)-Methyl 2-(tert-butoxycarbonylamino)-6-((S)-2,2-dimethyl-1,3-
dioxolan-4-yl)hexanoate (3.102). Crude 3.101, prepared as described above from
oxidation 0f3.100(79.8 mg, 0.253 mmol) using KMnQOwas dissolved in about 10 mL
of ELO and 2 mL of THF and treated with an excess otafizethane in E©. The
resultant yellow solution was quenched with a 1@84vacetic acid/EO solution until the
yellow color disappeared. Saturated NaHG20 mL) was added and the layers were
separated. The aqueous layer was extracted Wih\&(2 x 5 mL) and the combined
organic layers were washed with brine (5 mL), drieder NaSQ,, filtered, and
concentrated. The crude material was chromatoghphrough 5 g of silica using a
solvent gradient from 100% GC8I, to 90% CHCI,/EtOAc to afford3.102as a yellow
oil (63.2 mg, 72.3% yield). Rf = 0.46 (1:1 hexaf#®Ac — CAM stain).*H NMR (500
MHz, CDCk) 8 5.03 (d,J = 8.5 Hz, 1H), 4.26 (dd] = 13.0, 7.5 Hz, 1H), 4.06-3.99 (m,

2H), 3.71 (s, 3H), 3.47 (@l = 7.0 Hz, 1H), 1.90-1.75 (m, 1H), 1.70-1.55 (m,)2H50-
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1.30 (m, 3H), 1.42 (s, 9H), 1.38 (s, 3H), 1.323(d) ppm. *C NMR (125 MHz, CDGJ)
5173.3, 155.3, 108.6, 79.8, 75.8, 69.4, 53.3, 52322, 32.5, 28.3, 26.9, 25.7, 25.3, 25.2

ppm. HRMS (FABM/z[M+H]" calcd for G/H3,NOs', 346.2230; obsd, 346.2219.

BocHN
OAc

o

) O#

(¥)-(R)-2-(tert-butoxycarbonylamino)-6-((S)-2,2-dimethyl-1,3-dioxolan-4-
ylhexyl acetate (3.105). Compound3.105was prepared following the same procedure
used for3.77. The use 08.98(0.503 g, 1.58 mmol) and acetic anhydride (0.4Q P
mmol) provided a yellow oil. The oil was chromataghed through a Biotage 40S
column using a solvent gradient from 100% sCH to 85% CHCI,/EtOAc and yielded
3.105as a colorless oil. The oil was dried under vatwwernight to provide3.105
(0.529 g, 92.9% yield). Rf = 0.44 (1:1 hexanes/&tQ- CAM stain). *H NMR (300
MHz, CDCh) & 4.53 (d,J = 9.0 Hz, 1H), 4.04 (m, 4H), 3.83 (br, 1H), 3.49)(= 6.9 Hz,
1H), 2.07 (s, 3H), 1.70 — 1.35 (m, 8H), 1.45 (s),9H41 (s, 3H), 1.35 (s, 3H) ppni’C
NMR (75 MHz, CDC}) 6 170.9, 155.4, 108.6, 75.9, 69.4, 66.3, 49.4, 33137, 28.3,
26.9, 25.8, 25.7, 25.6, 20.8 ppm. HRMS (FABJz [M+H]"* calcd for GgH3NOs",

360.2386; obsd, 360.2388.

281



BocHN
OAc

HO
)

"'OH

(3)-(2R,79)-2-(tert-Butoxycarbonylamino)-7,8-dihydroxyoctyl acetate (3L06).
Compound3.105(0.253 g, 0.703 mmol) was dissolved in 6 mL of Ntk a 20-mL
scintillation vial. Pyridiniumpara-toluenesulfonate (21.4 mg, 0.0852 mmol) was added
and the mixture was stirred at RT. After 1.5 hge tdistinct aroma of 2,2-
dimethoxypropane was detected in the reaction mextd'LC of the reaction indicated a
new more polar spot (just above baseline, 1:1 he(&@tOAc - CAM stain), bu8.105
remained (Rf = 0.44). After 24 h, no change waseoked. The reaction was
concentrated (to remove the 2,2-dimethoxypropaaua, the resultant colorless oil was
dissolved in 5 mL of MeOH and stirred at RT. Oalgmall amount 08.105remained
after stirring for 1 day. The reaction was concaed and the colorless oil was
partitioned between EtOAc (20 mL), and® (10 mL). The layers were separated and
the organic layer was washed with 1M HCI (3 x 5 pH#)O (5 mL), saturated NaHGO
(2 x 5 mL), and brine (5 mL), dried over }D,, filtered, and concentrated to yield a
colorless oil. The oil was chromatographed throi§hy of silica using 100% EtOAc to
yield 3.106as a light yellow oil (171.1 mg, 76.2% yield). RD.2 (100% EtOAc — CAM
stain). 'H NMR (300 MHz, CDC}) 5 4.74 (d,J = 7.8 Hz, 1H), 4.04 (m, 2H), 3.83 (br,
1H), 3.69 — 3.60 (m, 2H), 3.42 (dd,= 11.1, 7.5 Hz, 1H), 3.32 (br, 2H), 2.07 (s, 3H),
1.52 — 1.32 (m, 8H), 1.44 (s, 9H) ppriC NMR (75 MHz, CDC)) 5 171.0, 155.6, 79.4,

72.0, 66.6, 49.3, 32.7, 28.3, 25.6, 25.2, 20.8 ppm.

282



Attempted oxidation of 3.106 using trichloroisocyanric acid/TEMPO.
Compound3.106(59.7 mg, 0.187 mmol) was dissolved in 2 mL of ,CH in a 20-mL
scintillation vial and cooled in an icef8 bath. Trichloroisocyanuric acid (47.0 mg,
0.202 mmol) was added, followed by TEMPO (1 mgp6.ehmol). The yellow reaction

was stirred in the iceA4® bath. A complex mixture was observed after 1 h.

Enzymatic resolution of (x)-3.76 using Novozyme 435CH,Cl, (40 mL) and
wet n-heptane (50 mL) were added to @&)6 (2.268 g, 9.40 mmol) in a 250-mL
erlenmayer flask. To the slurry was added vingtate (2.90 mL, 31.5 mmol), followed
by immobilizedC. antarcticaB lipase enzyme (Novozyme 435, 255 mg). The mextu
was not completely in solution. The mixture waaksn at 37 °C overnight. After 15 h,
an aliquot was removed, concentrated, and thetaggidolid was analyzed B NMR.
The reaction was determined to have proceeded % &fhversion. The immobilized
enzyme was removed from the mixture by filtratior avashed with portions of EtOAc
(10 mL) and CHCI, (10 mL). The filtrate was concentrated to yield/aite solid. The
solid was chromatographed through 250 g of silis@gia solvent gradient from 100%
CH.Cl, to 80% CHCI,/EtOAc to elute (+)3.77 and 50% CHCI,/EtOAC to elute (-)-

3.76 Total recovery was 97%.

BocHN,,,©,\\OAc

(+)-(1R,4S,2)-4-(tert-Butoxycarbonylamino)cyclooct-2-enyl acetate (+)-37.

Compound(+)-3.77was isolated as above as an off-white crystalloi®lg1.24 g, 46%
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yield). NMR spectra matches racer8i@7. mp = 125-126 °C. of** = +69.6 (c = 0.53

in MeOH). HRMS (FAB)M/z[M+H]* calcd for GsHogNO,", 284.1862; obsd, 284.1885.

BocHNOOH

(-)-tert-Butyl (1R,4S,2)-4-hydroxycyclooct-2-enylcarbamate (-)-3.76.
Compound(-)-3.76 was isolated as above as a white amorphous solid (§, 50%
yield). NMR spectra matches racer8i@é mp = 151-152 °C.d]**=-84.1 (c = 0.52 in

MeOH). HRMS (FAB)M/z[M+H]" calcd for GaH2sNOs", 242.1756; obsd, 242.1739.

BocHNOOAC

(-)-(1S,4R,2)-4-(tert-Butoxycarbonylamino)cyclooct-2-enyl acetate (-)-37.
Compound-)-3.77was prepared following the same procedure for3(¥# Compound
(-)-3.76(0.153 g, 0.632 mmol) and acetic anhydride (0.15 59 mmol) provided (-)-

3.77as an off-white solid (0.167 g, 93% yield). NMpestra matches racen8c77.

BocHN,,,©_\\OH

(+)-tert-Butyl (1S,4R,Z2)-4-hydroxycyclooct-2-enylcarbamate (+)-3.76.
General procedure for acetate removal using BCO3;. A 100-mL round-bottomed
flask was charged with potassium carbonate (0.7&L29 mmol) and flame-dried under
Ar. (+)-3.77 (1.05 g, 3.70 mmol) was added and dissolved im20of anhydrous

methanol. The mixture was stirred at RT under A&kfter 2.5 h, the reaction was
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complete by TLC (1:1 hexanes/EtOAc - CAM stain)lgsia. The yellow mixture was
partitioned between EtOAc (50 mL),.8 (25 mL), and brine (25 mL) and the layers
were separated. The aqueous layer was extractdd BAOAc (2 x 25 mL) and the
combined organic layers were washed wit©OH25 mL) and brine (2 x 25 mL), dried
over MgSaQ, filtered, and concentrated to yield a white solithe solid was dried under
vacuum overnight (1.5 mm Hg) to yie{é)-3.76as a white solid (0.884 g, 99% yield).
NMR spectra matches racen8c7& mp = 150.5-151.5 °C.a]* = +109 (c = 0.50 in

MeOH).

"ICOLH

L
OZN©

(R)-1-(2-Nitrophenyl)pyrrolidine-2-carboxylic acid, R-2-NPP (3.108). D-
Proline (1.06 g, 9.18 mmol) was dissolved in 100 oflEtOH/HO (1:1) in a 250-mL
round-bottomed flask fitted with a stir bar and denser. Sodium bicarbonate (2.08 g,
24.8 mmol) was added, followed by 1-fluoro-2-niteolzene (0.96 mL, 9.1 mmol). The
reaction was heated to reflux in an oil bath (@mperature = 95-100 °C). After about 10
min, the color of the solution changed from yelltwred. After 5 h, the mixture was
cooled and stirred at RT overnight. The voluméhefred solution was reduced to about
30-40 mL by rotary evaporation and the red mixtwes acidified to pH 2-3 (pH paper)
by adding 1M HCI (25-30 mL). Yellow solid precigied out of the solution. The
mixture was diluted with EtOAc (75 mL) and the les/avere separated. The aqueous
layer was extracted with EtOAc (3 x 30 mL) and tenbined organic layers were dried

over MgSQ, filtered, and concentrated to yield a sticky g@amil. The oil was dried
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under vacuum (~2 torr). After the sticky oil wasadched with a spatula and left to stand
overnight at 4 °C, the oil solidified to yieRI108as a yellow solid (2.2 g, ~100% yield).
[a]?® = +933 (c = 1.0 in MeOH); Iit.= +1020 (c = 1.0 in MeOH)*H NMR (500 MHz,
CDCl) 8 10.28 (br, 1H), 7.73 (dd} = 8.0, 1.5 Hz, 1H), 7.39 (tdd,= 7.5, 1.5, 0.5 Hz,
1H), 6.86 (m, 2H), 4.43 (] = 7.5 Hz, 1H), 3.55 (td] = 9.5, 7.5 Hz, 1H), 3.07 (ddd,=
9.5, 7.5, 4.0 Hz, 1H), 2.49 (dtd= 12, 7.0, 5.0 Hz, 1H), 2.20 — 2.07 (m, 2H), 1-98.89
(m, 1H) ppm. *C NMR (125 MHz, CDGJ) 5 177.9, 141.2, 138.9, 133.2, 126.6, 118.2,

116.8, 61.7, 51.9, 30.9, 24.8 ppm.

(S)-1-(2-Nitrophenyl)pyrrolidine-2-carboxylic ~ acid, S-2-NPP  (3.109).
Compound3.109was prepared following the same procedure use@.&@8 L-proline
(2.05 g, 9.12 mmol), 1-fluoro-2-nitrobenzene (0.88., 9.08 mmol), and sodium
bicarbonate (2.0 g, 24 mmol) provid8dL09as a sticky orange oil (2.10 g, 98% vyield).
NMR spectra is identical 8.108 [a]?® = -941 (c = 1.0 in MeOH); lit. = -1080 (c = 1.0

in MeOH).

(1S,4R,Z2)-4-((R)-1-(2-Nitrophenyl)pyrrolidine-2-carboxamido)cyclooct-2-enyl
acetate (3.110). Compound(-)-3.77 (126 mg, 0.445 mmol) was dissolved in 5 mL of
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CH.Cl, in a 25-mL round-bottomed flask. Triethylsilar@080 mL, 0.50 mmol) was
added, followed by trifluoroacetic acid (0.50 mL7 6nmol). The light yellow solution
was stirred at RT under Ar. The reaction was nwad by TLC (1.1 hexanes/EtOAc -
CAM stain, ninhydrin stain) for the disappearantg-p3.77. After 1.5 h, the reaction
was still incomplete and an additional 0.5 mL (&hol) TFA was added. After 2 h, the
reaction was complete and the reaction was dilwiéd CH,Cl, (10 mL) and poured into
50 mL of saturated NaHGO The pH of the aqueous layer was adjusted td-Bp@per)
by adding portions of solid N&Os;. The layers were separated and the aqueous layer
was extracted with Cil, (3 x 15 mL). The combined organic layers weredrover
MgSQ,, filtered, and concentrated to yield a yellow ®B.3 mg, 73% vyield of free
amine).

The free amine intermediate (28.2 mg, 0.154 mmiat) HOBt (26.2 mg, 0.194
mmol) were dissolved in 2 mL of GBN in a 25-mL round-bottomed flask under Ar.
3.108(44.4 mg, 0.188 mmol) was added as a solutionmiL?f dry CHCN. EDCeHCI
(44 mg, 0.23 mmol) was added to the yellow soludod the mixture was stirred at RT
under Ar. After 2 days, the reaction was analyagdlLC (1.1 hexanes/EtOAc - UV
lamp). The mixture was concentrated and the yellesidue was partitioned between
H,O (10 mL), and EtOAc (10 mL). The layers were saefsl and the aqueous layer was
extracted with EtOAc (2 x 15 mL). The combinedamg layers were washed with®l
(20 mL), saturated NaHC{2 x 20 mL), HO (20 mL), 10 wt% citric acid (2 x 20 mL),
H,O (20 mL), and brine (20 mL), dried over J$&, filtered, and concentrated. The
crude material was chromatographed through 15gjlio& using a solvent gradient from

100% CHCI, to 60% CHCI,/EtOAc to yield3.110as a bright yellow oil (49.8 mg,
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80.6% yield). Rf=0.31 (3:2 GIEI/EtOAC — UV lamp).'H NMR (300 MHz, CDCJ) &
7.76 (dd,J = 8.4, 1.8 Hz, 1H), 7.41 (ddd,= 8.7, 7.2, 1.5 Hz, 1H), 7.03 (d,= 8.4 Hz,
1H), 6.96 — 6.87 (m, 2H), 5.59 (m, 1H), 5.44 (ddi¢, 10.8, 7.2, 1.2 Hz, 1H), 5.05 (ddH,
=11.1, 8.4, 1.5 Hz, 1H), 4.63 (m, 1H), 441Xt 7.5 Hz, 1H), 3.64 (m, 1H), 2.82 (m,
1H), 2.58 (m, 1H), 2.03 — 1.85 (m, 6H), 1.62 — 1(&8F 6H) ppm. *C NMR (75 MHz,
CDCly) & 171.4, 169.9, 142.0, 140.1, 133.6, 130.2, 13®@6,2, 119.4, 117.5, 72.0, 63.2,
53.1, 47.6, 35.8, 34.9, 31.6, 25.5, 23.8, 23.02 ppm. HRMS (FABM/z[M+H]" calcd

for C21H23N305+, 402.2029; obsd, 402.2003.

H
N OAc
N

(1S,4R,Z2)-4-((S)-1-(2-Nitrophenyl)pyrrolidine-2-carboxamido)cyclooct-2-enyl
acetate (3.111). Compound3.111was prepared following the same procedure used for
3.11Q Used the free amine intermediate (28.9 mg, Orh&®l), HOBt (25.0 mg, 0.185
mmol), 3.109 (46.0 mg, 0.195 mmol), and EDCHCI (43 mg, 0.22 af)mo provide
3.111as a bright yellow oil (62.6 mg, 98.9% yield). RD.31 (3:2 CHCI,/EtOAC — UV
lamp). *H NMR (300 MHz, CDCJ) & 7.76 (dd,J = 8.4, 2.1 Hz, 1H), 7.41 (ddd,= 8.7,

7.2, 1.5 Hz, 1H), 7.03 (d, = 8.4 Hz, 1H), 6.93 (td] = 8.4, 1.2 Hz, 1H), 6.85 (d,= 7.2
Hz, 1H), 5.66 — 5.27 (m, 2H), 5.33 (m, 1H), 4.62 (th), 4.41 (tJ = 7.5 Hz, 1H), 3.64
(m, 1H), 2.81 (m, 1H), 2.56 (m, 1H), 2.10 — 1.8Q 6H), 1.70 — 1.30 (m, 6H) ppni>C

NMR (75 MHz, CDC§) 6 171.4, 170.0, 141.9, 140.0, 133.4, 130.4, 13®6,11, 119.3,
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117.3, 72.0, 63.4, 53.0, 47.6, 35.5, 34.9, 31.%,2%53.7, 22.9, 21.2 ppm. HRMS (FAB)

m/z[M+H]" calcd for GiH2gN30s", 402.2029; obsd, 402.2009.

BocHN0,0TBs

(-)-tert-Butyl (1R,4S,2)-4-(tert-butyldimethylsilyloxy)cyclooct-2-
enylcarbamate (R,45)-3.79. The title compound was prepared following the sam
procedure used for racen®c79 The use of-)-3.76 (0.916 g, 3.80 mmol), imidazole
(2.05 g, 15.5 mmol), an@rt-butyldimethylsilyl chloride (1.03 g, 6.84 mmol)quided(-
)-3.79as a white solid (1.148 g, 85.1% yield). mp =5886.5 °C. NMR spectra matches

racemic3.79 [a]**=-12.5 (c = 0.52 in MeOH).

BocHN,,,©,\\OTBS

(+)-tert-Butyl (1S,4R,2)-4-(tert-butyldimethylsilyloxy)cyclooct-2-
enylcarbamate (15,4R)-3.79. The title compound was prepared following the sam
procedure used for racemic79 The use of+)-3.76 (1.36 g, 5.65 mmol), imidazole
(.54 g, 22.6 mmol), antért-butyldimethylsilyl chloride (1.54 g, 10.2 mmol)qwided
(+)-3.79 as a white solid (1.91 g, 95.1% vyield). mp = 8865 °C. NMR spectra

matches racemi8.79 [0]**= +17.1 (c = 0.53 in MeOH).
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OH
HO.__/.,
oTBS
tert-Butyl (2R,79)-7-(tert-butyldimethylsilyloxy)-1,8-dihydroxyoctan-2-

ylcarbamate (2R,75)-3.94. The title compound was prepared following the sam
procedure used for racen®c94 The use of-)-3.79(2.45 g, 6.89 mmol) and sodium
borohydride (1.41 g, 37.3 mmol) provid&2R,75)-3.94 as a light yellow sticky oil (2.71
g, 99% vyield). NMR spectra matches racer®i®4 [a]** ~ 0 (c = 0.5 in MeOH).

HRMS (FAB)m/z[M+H]" calcd for GoH4,NOsSi*, 392.2832; obsd, 392.2812.

BocHN ~ on

HO
OTBS

tert-Butyl (2S,7R)-7-(tert-butyldimethylsilyloxy)-1,8-dihydroxyoctan-2-
ylcarbamate (25,7R)-3.94. The title compound was prepared following the sam
procedure used for racen®94 The use of+)-3.79(1.84 g, 5.19 mmol) and sodium
borohydride (1.01 g, 26.7 mmol) providéZ5,7R)-3.94 as a light yellow sticky oil (1.63
g, 80.2% yield). NMR spectra matches raceBi@d [0]*> ~ 0 (c = 0.5 in MeOH).

HRMS (FAB)m/z[M+H]" calcd for GoH4:NOsSi*, 392.2832; obsd, 392.2841.
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HO. .,
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tert-Butyl (2R,75)-1,7,8-trihydroxyoctan-2-ylcarbamate (R,75)-3.96. The
titte compound was prepared following the same @doce used for racemi&96 The
use of(2R,75)-3.94 (2.56 g, 6.54 mmol) and 1.0M TBAF in THF (8.0 n&.0 mmol)
provided(2R,7S)-3.96 as a white solid (1.64 g, 90.3% vyield). mp = 75°C. NMR

spectra matches racend®6 [0]?®=-1.1 (c = 0.47 in MeOH).

BocHN\/\OH

HO
OH

tert-Butyl (2S,7R)-1,7,8-trihydroxyoctan-2-ylcarbamate (Z5,7R)-3.96. The
title compound was prepared following the same guloce used for racem&96 The
use of(2S,7R)-3.94 (1.55 g, 3.96 mmol) and 1.0M TBAF in THF (4.8 mL8 mmol)
provided(2S,7R)-3.96 as a white solid (0.982 g, 89.3% vyield). mp =7&2C. NMR

spectra matches racen®6 [0]?®=-5.2 (c = 0.33 in MeOH).
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BocHN

%
tert-Butyl (R)-6-((9)-2,2-dimethyl-1,3-dioxolan-4-yl)-1-hydroxyhexan-2-
ylcarbamate (2R,75)-3.98. The title compound was prepared following the same
procedure used for racem&98 The use 0f2R,75)-3.96 (1.52 g, 5.49 mmol), 2,2-
dimethoxypropane (0.70 mL, 5.7 mmol), gmtbluenesulfonic acid (45 mg, 0.26 mmol)
provided(2R,7S)-3.98as a yellow oil that solidified upon standing A & 95.5% yield).

NMR spectra matches racen898 [a]?® ~ 0 (c = 0.5 in MeOH). HRMS (FABh/z

[M+H] " calcd for GeH32NOs", 318.2280; obsd, 318.2259.

BocHN\/\OH

S

tert-Butyl (9)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-1-hydroxyhexan-2-
ylcarbamate (25,7R)-3.98. The title compound was prepared following the same
procedure used for racem®98 The use 0{2S,7R)-3.96 (0.837 g, 3.02 mmol), 2,2-
dimethoxypropane (0.38 mL, 3.1 mmol), gmtbluenesulfonic acid (25 mg, 0.15 mmol)
provided (2S,/R)-3.98 as a yellow oil that solidified upon standing @B6g, 71.4%
yield). NMR spectra matches racer8i®8 [a]*~ 0 (c = 0.5 in MeOH). HRMS (FAB)

m/z[M+H]" calcd for GeH3:NOs", 318.2280; obsd, 318.2268.
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BocHN

~N

%

(-)-tert-Butyl (R)-6-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)-1-oxohexan-2-
ylcarbamate (R,75)-3.10Q The title compound was prepared following thensa
procedure used for racem&100 by Swern oxidation. (2R,75)-3.98 (0.560 g, 1.76
mmol), oxalyl chloride (0.23 mL, 2.7 mmol), DMSO .3 mL, 4.6 mmol), and
triethylamine (1.20 mL, 8.54 mmol) provide@R,7S)-3.100 as a yellow oil that
solidified (0.447 g, 80.3% yield). mp = 42-45 °GIMR spectra matches racen3d 0Q
[a]?® = -7.7 (c = 0.59 in CHG). HRMS (FAB)m/z [M+H]"* calcd for GeHsoNOs",

316.2124; obsd, 316.2131.

(+)-tert-Butyl (9)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-1-oxohexan-2-
ylcarbamate (25,7R)-3.10Q The title compound was prepared following thensa
procedure used for racem&100 by Swern oxidation. (2S,7R)-3.98 (0.411 g, 1.30
mmol), oxalyl chloride (0.18 mL, 2.1 mmol), DMSO .3 mL, 4.6 mmol), and

triethylamine (0.90 mL, 6.4 mmol) providéaS,7R)-3.100as a yellow oil that solidified
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(0.353 g, 86.3% yield). mp = 45-47 °C. NMR spaactratches racemig.10Q [a]* =

+36.2 (c = 0.54 in CHG). HRMS (FAB)m/z[M+H]" calcd for GeHsgNOs', 316.2124;

obsd, 316.2131.

BocHN CO,H

o
(R)-2-(tert-Butoxycarbonylamino)-6-((S)-2,2-dimethyl-1,3-dioxolan-4-
yl)hexanoic acid (R,75)-3.101. The title compound was prepared following the sam
procedure used for racem&101 by KMnO, oxidation. (2R,7S)-3.100(0.458 g, 1.45
mmol), KMnQ, (0.506 g, 3.20 mmol), and benzyltriethylammoniunfodde (17.4 mg,
0.0764 mmol) providedq2R,7S)-3.101as a yellow oil (0.435 g, 90.5% vyield). NMR
spectra matches racenclOl [0]?® = -5.2 (c = 0.35 in CHG). HRMS (FAB)m/z

[M+H] " calcd for GeHagNOsg", 332.2073; obsd, 332.2054.

BocHN.__CO,H

0
07Q
(S)-2-(tert-Butoxycarbonylamino)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-
yl)hexanoic acid (&5,7R)-3.101. The title compound was prepared following the sam

procedure used for racem&101 by KMnO, oxidation. (2S,7R)-3.100(0.372 g, 1.18
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mmol), KMnQy, (0.412 g, 2.61 mmol), and benzyltriethylammoniulnfoade (15.7 mg,
0.0689 mmol) provided2S,7R)-3.101 as a yellow oil (0.307 g, 78.6% yield). NMR
spectra matches racencl0l [0]?® = -2.1 (c = 0.39 in CHG). HRMS (FAB)m/z

[M+H] " calcd for GeHagNOsg', 332.2073; obsd, 332.2048.

OH =

CbzHN™ “CO,H CbzHN™ ~CO,H
Procedure for diazotization of L-lysine. Preparation of intermediate
carboxylic acids 3.113 and 3.114. A 3-necked 500-mL round-bottomed flask was
charged with Cbz-Lys-OH 3.112 10.34 g, 36.88 mmol) and 150 mL of® The
flask was fitted with a temperature probe and appbbe and the solution was heated to
60 °C (internal temperature) in an oil bath. Tl qf the solution was adjusted to 9.5
through the addition of 3M NaOH (or 6M HCI if to@d&ic). Sodium nitroferricyanide
dihydrate (13.20 g, 44.30 mmol) was added to tletiso in portions while the solution
was stirred vigorously at 60 °C. As the reactimtdme more acidic, the pH was
maintained at 9.5 by the addition of 3M NaOH. Blelsbwvere observed and the color of
the solution chanbed from colorless to yellow tdor&ck red suspension. After the
addition was complete, the reaction was stirrednagsly while the internal temperature
was maintained at 60 °C and the pH was maintainédlsafor 4 h. The mixture was
cooled to RT, then filtered through a pad of celifehe filter cake was washed with®l
(200 mL) and the reddish-orange filtrate was exéavith EtOAc (3 x 200 mL). The
combined organic layers were washed with brine (200 mL), dried over MgS§)

filtered, and concentrated to yield a yellow oill(d g crude material). The crude
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material was used directly for the preparation oMmpounds3.115-3.118without

purification.

OH

ZT

~

CbzHN OBn

0
(S)-Benzyl 1-(benzyloxyamino)-6-hydroxy-1-oxohexan-2icarbamate (3.115).
The crude mixture 08.113and3.114(36.9 mmol) was dissolved in 300 mL of THF and
225 mL of HO in a 1-L beaker equipped with a stir bar and pigbp. O-
Benzylhydroxylamine hydrochloride (8.90 g, 55.8 mimeas added and the pH of the
yellow solution was adjusted to 4.5 by adding 3MORA(~10-15 mL). To the yellow
solution was added EDC<HCI (30.1 g, 157 mmol) intipas over 80 min. The pH of the
reaction was re-adjusted to 4.5 by adding 6M HCthaspH of the solution increased.
The mixture became cloudy after ~1-2 equivalentS8EC was added. After the addition
of EDC+HCI was complete, the mixture was stirredda additional 50 min (~2 h total
reaction time) as the pH was maintained at 4.5dayrey 6M HCIl. EtOAc (150 mL) was
added and the layers were separated. The aqueyerswas extracted with EtOAc (3 x
150 mL), and the combined organic layers were wastieh brine (2 x 100 mL), dried
over NaSO, filtered, and concentrated to yield a lighigwelsolid. The crude material
was purified through 500 g of silica using 80% JCH/EtOAc to afford the alkene
product,3.116 (see below), then 100% EtOAc to afford the alcghrmlduct,3.115as a
fluffy white solid (6.14 g, 43.1% yield fror8.112. mp = 115-117 °C.*H NMR (500
MHz, CDCL) 8 9.89 (s, 1H), 7.31 (m, 10H), 5.76 @z= 8.5 Hz, 1H), 5.02 (dJ = 12.5

Hz, 1H), 4.95 (dJ = 12.5 Hz, 1H), 4.87 (d] = 11 Hz, 1H), 4.84 (d] = 11 Hz, 1H), 4.04
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(g, J = 7.5 Hz, 1H), 3.50 (m, 2H), 2.58 (br, 1H), 1.76.68 (m, 1H), 1.63 — 1.55 (m,
1H), 1.50 — 1.48 (m, 2H), 1.35 — 1.30 (m, 2H) ppMC NMR (125 MHz, CDGJ) &
169.3, 156.3, 135.9, 135.0, 129.2, 128.7, 128.8,42128.2, 127.9, 78.1, 67.1, 62.0,
52.3,32.1, 31.7, 21.7 ppm. HRMS (FAB)z[M+H]" calcd for GiH»N,0s", 387.1920;

obsd, 387.1927.

CbzHN™ ~CO,H

(S)-2-(Benzyloxycarbonylamino)hex-5-enoic acid (3.1)6 Compound3.116
was isolated as described above as a yellow oil 4bkdified upon standing (3.96 g,
29.2% vyield from3.119. Still contains impurities by NMR.’H NMR (500 MHz,
CDCl) 89.43 (s, 1H), 7.36 — 7.30 (m, 10H), 5.73 (i&; 16.8, 6.5 Hz, 1H), 5.56 (d,=
8.5 Hz, 1H), 5.05 — 4.95 (m, 5H), 4.88 (s, 2H),54(Q,J = 7.5 Hz, 1H), 2.10 — 1.95 (m,
2H), 1.89 — 1.81 (m, 1H), 1.73 — 1.65 (m, 1H) ppMC NMR (125 MHz, CDGJ) 5
169.1, 156.2, 136.8, 135.8, 135.0, 129.2, 128.8,52128.2, 128.0, 127.9, 115.8, 78.2,
67.1, 51.8, 31.2, 29.4, 17.9 ppm. MS (FAB)z[M+H]* at 369 (base peak), 325, 246,

214.

OH

CbzHN™ ~CO,Me

(S)-Methyl 2-(benzyloxycarbonylamino)-6-hydroxyhexanate (3.118). The

crude mixture oB8.13and3.14 (12 mmol) was dissolved in about 100 mL of anhydro
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Et,O. The blue-green solution was cooled in a crusbedH,O bath and a solution of
excess CbN; in ether was added dropwise to the mixture. ®aetion was stirred in
the ice/HO bath for an additional 20 min then quenched Iyiray 10% acetic acid in
Et,O (some bubbling was observed). The mixture waseqmbinto 100 mL of saturated
NaHCQ; and the layers were separated. The aqueousvageextracted with D (2 x
75 mL) and the combined organic layers were washéd brine (75 mL), dried over
NaSQy, filtered, and concentrated to yield a light oramg. TLC analysis of the crude
mixture was performed with 1:1 hexanes/EtOAc ant @H2CI2/EtOAc (UV lamp,
CAM stain). The crude material was loaded ontwaiand purified through a Biotage
40M column using a solvent gradient from 100%,CH to 50% CHCI,/EtOAc and
provided3.117 (see below) an®@.118as a cloudy oil (1.346 g, 38% vyield froBnll12.
INMR (500 MHz, CDCJ) & 7.35 — 7.30 (m, 5H), 5.47 (d,= 8.0 Hz, 1H), 5.09 (s, 2H),
4.37 (td,J = 8.0, 5.5 Hz, 1H), 3.72 (s, 3H), 3.60 Jt= 6.5 Hz, 2H), 2.00 (br, 1H), 1.84
(m, 1H), 1.67 (m, 1H), 1.54 (m, 2H), 1.41 (m, 2Hynp °C NMR (125 MHz, CDG)) &
173.0, 155.9, 136.1, 128.4, 128.1, 128.0, 66.92,623.7, 52.3, 32.3, 31.9, 21.5 ppm.

HRMS (FAB)m/z[M+H]" calcd for GsH2oNOs', 296.1498; obsd, 296.1518.

CbzHN™ ~CO,Me

(S)-Methyl 2-(benzyloxycarbonylamino)hex-5-enoate (317). Compound
3.117was isolated as described above as a cloudy @6%0g, 20% vyield fron8.112.
Contains impurities by NMR*H NMR (500 MHz, CDCJ) & 7.36 — 7.32 (m, 5H), 5.78
(tdd,J = 13.0, 10.5, 6.5 Hz, 1H), 5.33 @= 8.5 Hz, 1H), 5.01 (m, 2H), 4.40 (tdi= 8.5,
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5.5 Hz, 1H), 3.75 (s, 3H), 3.68 (m, 1H), 2.17 -52(M, 2H), 1.98 — 1.91 (m, 1H), 1.80 —
1.69 (m, 1H) ppm.**C NMR (125 MHz, CDGJ) 5 172.9, 155.8, 136.7, 128.5, 128.2,
128.15, 128.07, 115.8, 67.0, 53.3, 52.3, 31.8, @prB. HRMS (FABM/z[M+H]" calcd

for C1sH20NOy4", 278.1392; obsd, 278.1411.

OMs

ZT

CbzHN “OBn
o)

(S)-6-(Benzyloxyamino)-5-(benzyloxycarbonylamino)-6-xohexyl
methanesulfonate (3.119).Compound3.115(2.376 g, 6.15 mmol) was dissolved in 45
mL of anhydrous pyridine in a flame-dried singlesked 200-mL round-bottomed flask
under Ar. The solution was cooled in an icgHbath and methanesulfonyl chloride
(0.58 mL, 7.5 mmol) was added dropwise over 10 miihe solution was stirred for 1 h
at 0 °C under Ar. The reaction was partitionedMeein EtOAc (200 mL) and 1M HCI
(200 mL). The layers were separated and the ardaper was washed with 1M HCI (3
x 100 mL), HO (100 mL), and brine (100 mL), dried over JS@), filtered, and
concentrated to yield a white solid (2.714 g, 95y@td). *H NMR (300 MHz, CDC}) &
9.19 (s, 1H), 7.35 — 7.32 (m, 10H), 5.45Jd; 8.4 Hz, 1H), 5.04 (d] = 12 Hz, 1H), 4.99
(d,J =12 Hz, 1H), 4.88 (s, 2H), 4.15 (m, 2H), 4.01J&, 7.2 Hz, 1H), 2.96 (s, 3H), 1.80
— 1.55 (m, 4H), 1.45 — 1.35 (m, 2H) pprtC NMR (125 MHz, CDGJ) 5 169.0, 156.2,
135.8, 134.9, 129.2, 128.7, 128.49, 128.47, 12822.9, /8.2, 69.5, 67.1, 52.1, 37.2,

31.5, 28.4, 21.3 ppm.
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CszN/</’>N\
OBn

o)
(S)-Benzyl 1-(benzyloxy)-2-oxoazepan-3-ylcarbamate .120). Mesylate3.119
(6.32 g, 13.6 mmol) was dissolved in 350 mL of exdgyrade acetone in a single-necked
1-L round-bottomed flask. Potassium carbonated(§,842.0 mmol) was added, the flask
was fitted with a water condenser and heated tax€bil bath temperature = 85-95 °C)
overnight. After 23 h, the reaction was cooledvyjoto RT and allowed to stir for an
additional 2 days before diluting with EtOAc (15Q.yrand HO (150 mL). The layers
were separated and the aqueous layer was extraiedEtOAc (3 x 150 mL). The
combined organic layers were washed with brine (Z5xmL), dried over N&Oy,
filtered, and concentrated to yield a yellow oithe oil was chromatographed through a
Biotage 40M column using a solvent gradient frof@%0CH,CI, to 80% CHCI,/EtOAc
to afford 3.121 (see below)3.120as a colorless oil, and a mixture 2fl21and 3.120
(4.64 g total, 92.6% total yield). CompouBd 20was recovered as a colorless oil that
solidified upon standing (3.33 g, 67% vyield totalijnp = 62-64 °C. Rf = 0.36 (9:1
CH.CI,/EtOAc — CAM stain). *H NMR (500 MHz, CDCJ) & 7.43-7.30 (m, 10H), 6.15
(d, J = 6.0 Hz, 1H), 5.11 (m, 2H), 4.98 (@= 10.5 Hz, 1H), 4.88 (d] = 10.5 Hz, 1H),
4.27 (dddJ = 11.0, 6.5, 1.5 Hz, 1H), 3.58 (d#l= 16.0, 11.5 Hz, 1H), 3.46 (dd~ 16.0,
5.0 Hz, 1H), 2.03 (dJ = 12.0 Hz, 1H), 1.92-1.85 (m, 1H), 1.69-1.63 (Hl)21.56-1.48
(m, 1H), 1.43-1.35 (m, 1H) ppm**C NMR (125 MHz, CDG) 5 170.0, 155.4, 136.4,

135.0, 129.6, 128.8, 128.5, 128.4, 128.0, 127.9B,7/%6.6, 53.2, 52.6, 31.8, 27.5, 26.1

ppm.
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CszN/C/(}

N
OBn

(S)-Benzyl 2-(benzyloxyimino)oxepan-3-ylcarbamate (221). Compound
3.121was isolated as a glassy solid (1.31 g, 26% yiatdylescribed above. Rf = 0.54
(9:1 CHCI/EtOAC - CAM stain). *H NMR (500 MHz, CDCY) & 7.38-7.28 (m, 10H),
5.93 (d,J = 6 Hz, 1H), 5.10 (s, 2H), 5.00 (s, 2H), 4.45 (@€, 9.5, 7.0 Hz, 1H), 4.37 (dd,
J =125, 4.5 Hz, 1H), 4.10 (m, 1H), 2.21 (s 11.5 Hz, 1H), 1.90 (m, 2H), 1.72-1.58
(m, 4H) ppm. °C NMR (125 MHz, CDGJ)) & 155.6, 155.2, 137.5, 136.3, 128.5, 128.4,

128.2, 128.12, 128.07, 127.8, 76.4, 70.2, 66.8,,35.0, 29.6, 26.2 ppm.

Br_
+
H3N N
OBn

o)
(S)-1-(Benzyloxy)-2-oxoazepan-3-amonium bromide (3.22 Hydroxamate
3.120(2.128 g, 5.776 mmol) was dissolved in 60 mL dfiyairous CHCI, in a flame-
dried 250-mL round-bottomed flask under Ar. 33%r rHB acetic acid (6.0 mL, 35
mmol) was added to the solution slowly and the #eti needle was removed. The
reaction was stirred at RT under Ar. White soli@asvobserved after 2 min. After 3 h, no
starting material was observed by TLC (4:1 CH/EtOAc - CAM stain, ninhydrin stain)
and a ninhydrin-positive baseline spot was observdthe mixture was diluted with
CH.Cl, (20 mL), and concentrated by rotary evaporatidh @, 21 mm Hg) to yield a
light orange slurry. The slurry was concentratexinf toluene (3 x 50 mL) to remove

traces of acetic acid and water to afford a tamigeasolid. The solid was dried under
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vacuum (1.5 mm Hg) overnight to afford HBr sali22 as an off-white solid (1.80 g,
99% yield). *H NMR (500 MHz, 8-DMS0) & 8.25 (br, 3H), 7.47 — 7.38 (m, 5H), 4.93
(d, J = 10.0 Hz, 1H), 4.90 (d] = 10.0 Hz, 1H), 4.24 (d] = 5.0 Hz, 1H), 3.88 (dd] =
16.0, 11.5 Hz, 1H), 3.60 (dd,= 16.0, 5.0 Hz, 1H), 1.86 (m, 2H), 1.73 — 1.50 @H),
1.33 — 1.25 (m, 1H) ppm*C NMR (125 MHz, CDGJ)) & 167.1, 135.0, 129.3, 128.7,

128.4, 75.7, 51.3, 51.2, 28.2, 26.1, 25.8 ppm.

= (0]
Ho/\)LN’C/;'}\
H OBn

0
(R)-N-((S)-1-(Benzyloxy)-2-oxoazepan-3-yl)-3-hydroxybutanandie  (3.124).
Anhydrous CHCN (30 mL) was added to a 100-mL round-bottomedkflaontaining
3.122(1.00 g, 3.17 mmol) R)-3-hydroxybutyric acid (0.3906 g, 3.752 mmol), ahdBt
(0.501 g, 3.71 mmol). To the mixture was addeethgilamine (0.50 mL, 3.6 mmol),
followed by EDC<HCI (0.761 g, 3.97 mmol). The mur¢ was stirred at RT under Ar.
After 1 h, the solid material had fully dissolvetdhe reaction was stirred overnight at RT
under Ar. The cloudy peach-colored solution waaceatrated and the residue was
partitioned between 10 (25 mL) and EtOAc (20 mL). The layers were safet and
the aqueous layer was extracted with EtOAc (2 xn25. The combined organic layers
were washed with ¥0 (30 mL), saturated NaHG@2 x 30 mL), HO (30 mL), and brine
(30 mL), dried over N&5O,, filtered, and concentrated to yield a white solithe solid
was chromatographed through a 40S Biotage colunmg d90% EtOAc to yieldB.124
as a white solid (0.891 g, 87.7% yield). mp = 123 °C. *H NMR (500 MHz, CDC})

8 7.42-7.34 (m, 5H), 7.09 (d,= 6.5 Hz, 1H), 4.97 (d] = 10.5 Hz, 1H), 4.88 (dl = 10.5
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Hz, 1H), 4.48 (ddd) = 11.0, 6.5, 1.5 Hz, 1H), 4.17 (m, 1H), 3.94 (H),13.60 (ddJ =
16.0, 11.5 Hz, 1H), 3.47 (dd,= 16.0, 5.0 Hz, 1H), 2.43 (dd,= 15.5, 3.0 Hz, 1H), 2.32
(dd,J = 15.5, 9.0 Hz, 1H), 1.98 (d,= 12.5 Hz, 1H), 1.91 (m, 1H), 1.71-1.65 (m, 2H),
1.49-1.30 (m, 2H), 1.21 (d,= 6.0 Hz, 3H) ppm."*C NMR (125 MHz, CDG) 5 171.5,
170.0, 134.9, 129.6, 128.9, 128.6, 76.8, 64.7,, 38, 43.6, 31.3, 27.5, 26.1, 22.6 ppm.

HRMS (FAB)m/z[M+H]" calcd for G/H2sN,O4", 321.1814; obsd, 321.1810.

u
HO N N
H OBn

0
(S)-N-((9)-1-(Benzyloxy)-2-oxoazepan-3-yl)-3-hydroxybutanamlie  (3.125).
Compound3.125was prepared following the same procedure used@.idt4 The use of
3.122(1.20 g, 3.81 mmol),§)-3-hydroxybutyric acid (0.479 g, 4.60 mmol), HOBt617
g, 4.57 mmol), EDC<HCI (0.938 g, 4.89 mmol), andttrylamine (0.60 mL, 4.27 mmol)
provided3.125as a white solid (0.863 g, 70.7% vyield). Rf =4)(100% EtOAc — CAM
stain). mp = 135-137 °C*H NMR (500 MHz, CDCJ) & 7.41-7.40 (m, 2H), 7.37-7.35
(m, 3H), 6.99 (dJ = 6.5 Hz, 1H), 4.98 (d] = 10.5 Hz, 1H), 4.89 (d] = 10.5 Hz, 1H),
4.47 (dddJ = 11.5, 7.0, 2.0 Hz, 1H), 4.18 (m, 1H), 3.61 (d¢; 16.0, 11.5 Hz, 1H), 3.48
(dd, J = 16.0, 5.0 Hz, 1H), 2.40 (dd,= 15.0, 3.0 Hz, 1H), 2.32 (dd,= 15.0, 9.0 Hz,
1H), 1.98 (m, 1H), 1.92 (m, 1H), 1.71-1.65 (m, 2#)H4-1.35 (m, 2H), 1.23 (d,= 6.5
Hz, 3H) ppm. *C NMR (125 MHz, CDGJ) 5 171.8, 170.1, 134.9, 129.6, 128.9, 128.6,
76.8, 64.9, 52.7, 51.8, 44.1, 31.2, 27.5, 26.17 ppm. HRMS (FAB)/z[M+H]" calcd

for C17H2sN04", 321.1814; obsd, 321.1802.
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8.3 Experimental procedures for chapter 4

o)
4 H
\ N.__CO,Me

OH o)

MeO,C”~ “OH

Dimethyl 2-hydroxy-7-((S)-2-(2-hydroxyphenyl)-4,5-dihydrooxazole-4-
carboxamido)octanedioate (4.5a and 4.5b)Compound3.69 (130.8 mg, 0.392 mmol)
was dissolved in 5 mL of anhydrous,@tin a 25-mL round-bottomed flask. The
solution was cooled in an ice/8 bath and HCI gas (generated by adding con8Qq
dropwise to conc. HCI/NaCl then drying by bubblthgough conc. E5Q,) was bubbled
through the solution for 30 min. The solution vimewnish in color, and no significant
precipitate was observed. Bubbling was ceasedlandeaction was warmed to RT and
stirred for an additional 4 h. The reaction wascamtrated by rotary evaporation to yield
the aminesHCI| salt as a brown semi-solid residu&€he crude material was used
immediately without purification.

Anhydrous CHCN (5 mL) was added to the crude amine (105.8 nghDmmol)
and2.62(102.4 mg, 0.494 mmol) in a 25-mL round-bottomkedi under Ar. Distilled
triethylamine (0.10 mL, 0.71 mmol) was added andtad the solid material dissolved.
To the resultant yellow solution was added HOBt46mg, 0.499 mmol) and EDC<HCI
(108.1 mg, 0.564 mmol). The reaction was stirre@®& under Ar. After 4 days, the
reaction was concentrated by rotary evaporatioAG321 mm Hg). The orange residue
was partitioned between EtOAc (20 mL) angdDH30 mL). The layers were separated
and the aqueous layer was extracted with EtOAc 2D xnL). The combined organic

layers were washed with saturated aqueous NaHE@ 20 mL), HO (1 x 20 mL), 5
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wt% aqueous citric acid (2 x 20 mL),@® (1 x 20 mL), and brine (2 x 20 mL), dried over
NaSQy, filtered, and concentrated by rotary evapora{@srC, 21 mm Hg) to yield an
orange oil (200 mg). The oil was purified througfhg of silica using a solvent gradient
from 100% CHCI, to 50% CHCI,/EtOAc to yield a mixture o#t.5a and4.5b as a
cloudy pink residue (59.7 mg, 31.3% vyield) ahf (see below). Recovered as a mixture
of diastereomers by NMR*H NMR (500MHz, CDC}) & 7.67 (m, 2H), 7.41 (m, 2H),
7.02 (d,J = 8.5 Hz, 2H), 6.91 - 6.87 (m, 2H), 4.98 - 4.93 @hl), 4.70 - 4.55 (m, 6H),
4.17 (dd,J = 7.6, 4.0 Hz, 1H), 4.11 (dd,= 7.7, 4.0 Hz, 1H), 3.77 (s, 3H, CH3), 3.75 (s,
3H), 3.72 (s, 3H), 3.69 (s, 3H), 1.93 - 1.24 (mMHL@pmM. MS (FAB)m/z[M+H]" at

423; 363, 162.

O

N H

N N_* COzMe
OH 0

o
di«'\‘\é)\o *COZMe
o

Diacylated byproduct (4.6). Compound.6was isolated as described above as a
cloudy yellow oil (63.6 mg, 23.0% vyield). Recowras a mixture of diastereomers by
NMR: *H NMR (500 MHz, CDCJ) & 7.69 — 7.62 (m, 2H), 7.46 — 7.53 (m, 2H), 7.07 —
7.00 (m, 2H), 6.91 — 6.82 (m, 2H), 5.12 — 5.04 8id), 4.78 — 4.55 (m, 4H), 3.75 (s, 3H),
3.73 (s, 3H), 3.72 (s, 3H), 3.70 (s, 3H), 1.95 Z01(m, 4H), 1.47 — 1.30 (m, 4H) ppm.
¥C NMR (125 MHz, CDdJ) 6 172.2, 172.0, 169.99, 169.92, 169.87, 169.8, 14%3.2,

168.1, 168.0, 159.9, 159.8, 134.7, 134.2, 128.8,41219.2, 118.8, 116.93, 116.90, 72.9,
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69.9, 69.0, 67.0, 66.3, 52.5, 52.1, 31.9, 31.8548130.47, 29.6, 24.8, 24.6 ppm. MS

(FAB) m/z[M+H]" at 612 (base peak), 307, 208.

O O

N H \ H

N N CO,Me N N\_/COZMe
OH O + OH O =

MeO,C~ “OAc MeO,C~ ~OAc

Dimethyl 2-acetoxy-7-(8)-2-(2-hydroxyphenyl)-4,5-dihydrooxazole-4-
carboxamido)octanedioate (mixture of diastereomerst.7a and 4.7b). Compound
3.86 (194 mg, 0.517 mmol) was dissolved in 10 mL of yaltbus EtO in a 50-mL
round-bottomed flask. Anhydrous HCI gas (gener@ég@dding conc. 50, dropwise
to NaCIl/HCI, then passed through congSHy) was bubbled through the solution. After
30 min, the solution appeared slightly cloudy. eAft.5 h, TLC of the solution (1:1
hexanes/EtOAc - CAM stain, ninhydrin stain) indexhno starting material remained and
a new, ninhydrin positive spot appeared on thelimese The solution was concentrated
to afford a yellow oil (mass recovery was >100%)he oil was used immediately
without purification.

Anhydrous CHCN (5 mL) was added to the yellow oil in a 50-mLund-
bottomed flask under Ar. Anhydrous triethylamielQ0 mL, 0.712 mmol) was added
and the solid dissolved. To the light orange/yellsolution was added.62 (114 mg,
0.550 mmol) and the color of the solution changedédep orange/red. EDCeHCI (122
mg, 0.636 mmol) was added and the solution waedtiinder Ar at RT overnight. The
reaction was concentrated by rotary evaporatioAG321 mm Hg). The orange residue

was partitioned between EtOAc (20 mL) angdOH30 mL). The layers were separated
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and the aqueous layer was extracted with EtOAc 2D xnL). The combined organic
layers were washed with saturated aqueous NaHE@ 20 mL), HO (1 x 20 mL), 5
wt% aqueous citric acid (2 x 20 mL),@® (1 x 20 mL), and brine (2 x 20 mL), dried over
NaSQy, filtered, and concentrated by rotary evapora{@s’C, 21 mm Hg) to yield a
yellow oil. The oil was purified through 20 g dfica using CHCI,/EtOAc to afford the
mixture of diastereomers7aand4.7b as a yellow oil (75.8 mg, 31.6% yield)H NMR
(500 MHz, CDC}) & 11.33 (br-s, 2H), 7.68 - 7.65 (m, 2H), 7.42 - 7(&7, 2H), 7.02 -
7.00 (m, 2H), 6.90 - 6.81 (M, 4H), 4.99 — 4.90 4H), 4.68 — 4.53 (m, 6H), 3.75 (s, 3H),
3.72 (s, 3H), 3.69 (s, 3H), 3.68 (s, 3H), 2.113(d), 2.07 (s, 3H), 1.90 — 1.64 (m, 10H),
1.42 — 1.23 (m, 12H) ppmXC NMR (125 MHz, CDG)) & 172.06, 171.97, 170.50,
170.46, 170.38, 170.33, 170.26, 167.99, 167.75,70692), 134.23, 128.49, 128.46,
119.02, 116.89, 116.86, 109.90, 109.88, 71.88,4/18.44, 69.42, 67.94, 67.88, 52.43,
52.40, 52.17, 52.11, 51.91, 31.98, 31.92, 30.784®@9.58, 24.82, 24.77, 24.57, 25.50,
20.53, 20.48 ppm. HRMS (FAB)/z[M+H]" calcd. for GoH,9N,Og", 465.1873; obsd,

465.1855.

H
Ph.__N.__CO,Me

g

o]

MeO,C~ “OAc
(€3]

(¥)-(2S,7R)-Dimethyl 2-acetoxy-7-benzamidooctanedioate (4.8).Compound
3.86(138 mg, 0.366 mmol) was dissolved in 1 mL ofCH in a 10-mL round-bottomed

flask and cooled in a crushed iceHbath under Ar. TFA (0.20 mL, 2.7 mmol) was
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added to the reaction and the resultant light molution was stirred in the crushed
ice/H,O bath for 60 min. TLC of the reaction (1:1 hexa@&#OAc - CAM stain)
indicates a complex mixture, but some amine pregerihe baseline. The reaction was
warmed to RT and allowed to stir for an additioB@lmin, then concentrated and used
immediately without purification.

The crude material was dissolved in £ (1.5 mL). Benzoyl chloride (0.090
mL, 0.77 mmol) and BN (0.75 mL, 5.3 mmol) were added and the reactias stirred
at RT overnight. The reaction was diluted witsOH10 mL) and CHCI, (10 mL) and
the layers were separated. The aqueous layer wsked with ChHCl, (5 mL) and the
combined CHCI, layers were washed with saturated NaHG® x 15 mL), HO (15
mL), 10 wt% citric acid (2 x 15 mL), #0 (15 mL), and brine (15 mL), dried over
MgSQ,, filtered, and concentrated to yield a yellow oifhe oil was chromatographed
through 20 g of silica using a solvent gradientrfrb00% CHCI, to 85% CHCI,/EtOAc
and provided4.8 as a yellow oil (117 mg, 84% vyield). Evidenceegimerization is
observed from th&’C NMR spectrum.*H NMR (500 MHz, CDCJ) & 7.77 (d,J = 7.0
Hz, 2H), 7.46 (m, 1H), 7.39 (§,= 7.5 Hz, 2H), 6.83 (d] = 7.5 Hz, 1H), 4.93 (1} = 6.0
Hz, 1H), 4.76 (tdJ = 8.0, 6.0 Hz, 1H), 3.73 (s, 3H), 3.67 (s, 3HPE(s, 3H), 1.80 —
1.74 (m, 4H), 1.43 — 1.34 (m, 4H) ppm°C NMR (125 MHz, CDGJ) & 172.9, 171.0,
170.5, 170.4, 166.9, 133.7, 131.6, 128.4, 126.9,AD.2, 52.33, 52.27, 52.1, 32.1, 30.7,

24.8, 24.6, 20.9, 20.5 ppm. MS (FAB)z[M+H]* found at 380.

Attempted saponification of compound 4.8. Compound4.8 (22 mg, 0.058

mmol) was dissolved in 0.6 mL of 2:1 THR® in a 1-dram screw-cap vial. LIOH (6

308



mg, 0.25 mmol) was added and the mixture was dtateRT. Monitored by TLC (1:1
hexanes/EtOAc and 100% EtOAc - UV lamp, CAM staifjfter 45 min the reaction
was nearly complete, and after 1 h,58 was observed by TLC. 1 mL of 1M HCI was
added to the vial and the acidic mixture (pH ~2gH-paper) was extracted with EtOAc
(10 x 1 mL). The combined organic layers were dir@/er NaSQ,, filtered, and
concentrated to yield a light yellow residue (1&§, ~100% vyield). Residue did not
dissolve in CD(, but dissolved in EtOAc. MS data did not showdewice of the
desired product. No identifiable peaks were founthe LC-MS traces of the aqueous

layer.

O 0]
<: E>—< H <: E>—< H
\ N\
N
Nj\ﬂ/N OH Nj\ﬂ/ \;/\OH
OH o) . OH o) =

83 o3
(4S)-N-(6-(2,2-Dimethyl-1,3-dioxolan-4-yl)-1-hydroxyhexar2-yl)-2-(2-
hydroxyphenyl)-4,5-dihydrooxazole-4-carboxamide (miture of diastereomers 4.10a
and 4.10b). Compound(+)-3.99 (74.1 mg, 0.211 mmol) was dissolved in 10 mL of
methanol in a flame-dried single-necked 25-mL rebottomed flask. The solution was
purged with Ar and 10 wt% Pd/C (17.7 mg) was addé&tie solution was purged with
Ar, then H, and stirred under 1 atm of,Hballoon). After 4 h, TLC analysis of the
reaction mixture (1:1 hexanes/EtOAc - CAM staimhyidrin stain) indicated the starting
material was consumed and a new, ninhydrin/CAMnspaisitive spot was observed on

the baseline. The reaction was purged with Am tiileered through a pad of celite. The
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celite was rinsed with MeOH (5 mL) and the filtratas concentrated to yield a colorless
residue. The material was used immediately witlpowification.

The residue (41 mg, 0.20 mmol) and HOBLt (25 mg9 dntnol) were dissolved in
5 mL of dry acetonitrile in a single-necked 25-mbaund-bottomed flask under Ar.
EDCeHCI (43 mg, 0.22 mmol) was added and the peatbred solution was stirred at
RT under Ar overnight. O (30 mL) and EtOAc (20 mL) were added to the sotut
and the layers were separated. The aqueous lagexiracted with EtOAc (3 x 15 mL)
and the combined organic layers were washed sueebswith saturated NaHC£(2 x
20 mL), HO (20 mL), 10 wt% citric acid (2 x 20 mL), and kei2 x 20 mL), dried over
MgSQ,, filtered, and concentrated to yield a light yellwesidue. The residue was
chromatographed through 15 g of silica gel usingsavent gradient from 2:1
CH,CI,/EtOAC to 100% EtOAc to afford one of the diasteneos of 4.10pure (14.0 mg,
19.7% vyield), and mixtures of diastereomdréOaand4.10b (46.6 mg, 65.8% yield).
Total yield of 4.10 was 60.6 mg (85.5% vyield). Analysis of the puiastereomer
isolated: mp =112-115 °C. Rf=0.15 (1:2 ZH/EtOAc — UV lamp; other isomer Rf =
0.09). 'H NMR (500 MHz, CDCY) & 11.37 (s, 1H), 7.69 (m, 1H), 7.43 (m, 1H), 7.02 (d
J = 8.5 Hz, 1H), 6.91 (td) = 8.0, 0.5 Hz, 1H), 6.48 (d, = 8.0 Hz, 1H), 4.95 (dd] =
11.0, 8.0 Hz, 1H), 4.70 (dd,= 11.0, 9.0 Hz, 1H), 4.62 {@,= 8.5 Hz, 1H), 4.06 (m, 1H),
4.02 (ddJ = 7.5, 6.0 Hz, 1H), 3.95 (m, 1H), 3.65 (= 10.5 Hz, 1H), 3.56 (dd,= 11.0,
5.5 Hz, 1H), 3.50 (t) = 7.5 Hz, 1H), 2.46 (br-s, 1H), 1.66-1.40 (m, 8H)0 (s, 3H),
1.35 (s, 3H) ppm.*C NMR (125 MHz, CDGJ) 5 171.4, 168.0, 159.6, 134.4, 128.6,
119.2, 110.0, 108.7, 75.9, 69.8, 69.4, 68.0, 66129, 33.4, 30.9, 29.7, 26.9, 26.1, 25.7,

25.6 ppm. HRMS (FABn/z[M+H]" calcd for GiH31N-Os", 407.2182; obsd, 407.2176.
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NH»

MeO,C~ ~NHCbz
(R)-Methyl 6-amino-2-(benzyloxycarbonylamino)hexanoa (4.15). Methanol

(10 mL) was cooled under Ar to 4 °C in an icglHbath. Thionyl chloride (0.35 mL, 4.8
mmol) was added and the resultant solution wassteared via cannula to a stirred
suspension 0#.14 (1.03 g, 3.67 mmol) in 30 mL of MeOH under Ar at’@. The
mixture was stirred for 1 h, then warmed to RT atded for an additional 7.5 h. The
reaction was concentrated to yield a yellow oilheToil was dissolved in saturated
NaHCG; (100 mL) and extracted with GBI, (3 x 20 mL). The combined organic layers
were dried over MgSg) filtered, and concentrated to yieddl5 as a reddish-brown ol
(2.05 g, 97% vyield). The oil was stored at -10 & used immediately, otherwise

decomposition was observed.

NHBoc

HO,C™ “NHCbz
(R)-13,13-Dimethyl-3,11-dioxo-1-phenyl-2,12-dioxa-40tdiazatetradecane-5-
carboxylic acid (4.16). Sodium bicarbonate (0.343 g, 4.08 mmol) was addeti14
(0.454 g, 1.62 mmol) in 12 mL of 2:1 THFR/M@E, followed by ditert-butyldicarbonate
(0.411 g, 1.88 mmol). The mixture was stirred &tdvernight. The THF was removed

in vacuoand the reaction was diluted with,® (50 mL) and CHCI, (20 mL). The
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aqueous layer was acidified to a pH of 2-3 (pH papsing 1M HCI. The layers were
separated and the aqueous was extracted witfCIgH3 x 15 mL). The combined
organic layers were washed with brine (2 x 20 ndrjed over MgS@ filtered, and
concentrated to a pale yellow oil. The oil wasedrunder vacuum to yield.16 as a

white foam (0.577 g, 94% yield). The crude matesas used directly without further

purification.
NHBoc
BnO,C NHCbz
2S-Benzyloxycarbonylamino-6tert-butoxycarbonylamino-hexanoic acid

benzyl ester (4.17). Crude4.16 (651 mg, 1.71 mmol) was dissolved in 10 mL of
CH3CN. KCO;s (548 mg, 3.96 mmol) was added, followed by bemzgmide (0.30 mL,
2.53 mmol). The reaction was stirred for 24 h amdnitored by TLC (3:1
hexanes/EtOAc — ninhydrin stain). The solid wanaoeed by filtration and the filtrate
was concentrated to yield a cloudy oil (1.20 ghrdnatographed through 40 g of silica
using 3:1 hexanes/EtOAc to yield17 as a colorless oil (747 mg, 93%)H NMR (300
MHz, CDCL) & 7.347 (s, 10H), 5.386 (d, = 7.2 Hz, 1H), 5.167 (d] = 6.0 Hz, 2H),
5.101 (s, 2H), 4.507 (br-s, 1H), 4.399 (m, 1H),43.qm, 1H), 1.826 — 1.626 (m, 2H),

1.422 (s, 9H) ppm.
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BocHN._CO,Bn

NHCbz

6-Benzyloxycarbonylamino-Z-tert-butoxycarbonylamino-hexanoic acid
benzyl ester (4.20). Compound4.20 was prepared following the procedure used for
4.17. The use 0#.19 (801 mg, 2.10 mmol), ¥CO; (735 mg, 5.32 mmol), and BrBr
(0.38 mL, 3.20 mmol) afforded a colorless oil (180 Chromatographed through 50 g
of silica using 3:1 hexanes/EtOAc providé®0 as a light yellow oil (986 mg, 100%).
'H NMR (500 MHz, CDC}) 5 7.36 — 7.34 (m, 10H), 5.20 (@~ 12 Hz, 1H), 5.11 (d] =
12 Hz, 1H), 5.09 (br-s, 4H), 4.77 (m, 1H), 4.33 (thi), 3.14 (m, 2H), 1.80 (m, 1H), 1.65
(m, 1H), 1.42 (s, 9H), 1.45 — 1.29 (m, 4H) ppMC NMR (125 MHz, CDGJ) & 172.6,
156.4, 155.4, 136.5, 135.3, 128.5, 128.44, 128128,3, 128.1, 128.0, 79.8, 66.9, 66.5,

53.2,40.5, 32.2, 29.3, 28.2, 22.3 ppm.

NH,

BnO,C~ “NHCbz
(R)-Benzyl 6-amino-2-(benzyloxycarbonylamino)hexanoat (4.18). HCI gas,
prepared by adding conc.,80, dropwise to NaCl/conc. HCI and dried by bubbling
through conc. B5O,, was bubbled through a solution 417 (0.634 g, 1.35 mmol) in
Et,O at 0 °C for 2.5 h. The reaction was monitoredThyC for the disappearance of
4.17. The solvent was removed to yield a pale yellalv @he oil was dissolved in

saturated NaHC£(50 mL) and CHCI, (20 mL) was added. The layers were separated
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and the aqueous layer was extracted with@H(2 x 20 mL). The combined organic
layers were dried over MgS(filtered, and concentrated to yieddl8 as a pale yellow

oil (0.461 g, 92% vyield). The material was usedhiediately without purification.

HzN._CO2Bn
NHCbz
(S)-Benzyl 2-amino-6-(benzyloxycarbonylamino)hexanoat(4.21). Compound
4.21 was prepared following the same procedure useddft® 4.20 (0.980 g, 2.08
mmol) provided4.21 as a pale yellow oil (0.697 g, 90% yield). Thetenal was used

immediately without purification.

O
H
N\
A
O

CO,Me

NHCbz

(S)-Methyl 2-(benzyloxycarbonylamino)-6-(§)-2-phenyl-4,5-dihydrooxazole-
4-carboxamido)hexanoate (4.22). Compound3.11 (135 mg, 0.708 mmol) and.15
(250 mg, 0.848 mmol) were dissolved in &LHN (20 mL). EDCeHCI (166 mg, 0.865
mmol) was added and the reaction was stirred a€C 28t 15 h. The reaction was
monitored by TLC (2:3 hexanes/EtOAc). The reactieas diluted with HO (50 mL)
and extracted with EtOAc (4 x 30 mL). The combifg®Ac layers were washed with
saturated NaHC{(3 x 20 mL), 5% citric acid (3 x 20 mL), and bri(zx 30 mL), dried

(MgS0O4), filtered, and concentrated to yield a padeange oil (170 mg).
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Chromatographed through 17 g of silica using 3:2THEtOAC to yield4.22 as an
orange oil (135 mg, 41%). Rf = 0.111 (2:3 hexaB&3Ac). *H NMR (300 MHz,
CDCly) 5 7.96 (ddJ = 8.1, 0.9 Hz, 2H), 7.52 (8,= 7.3 Hz, 1H), 7.42 (t] = 7.5 Hz, 2H),
7.34 (m, 5H), 6.72 (br-t, 1H), 5.44 @@= 8.1 Hz, 1H, NHCbz), 5.09 (s, 2H), 4.821 (dd,
=10.8, 8.7 Hz, 1H), 4.68 — 4.54 (m, 2H), 4.34 {H), 3.71 (s, 3H), 3.34 — 3.15 (m, 2H),
1.88 — 1.60 (m, 2H), 1.53 — 1.33 (m, 4H) ppm. HRKFAB) m/z [M+H]" calcd for

CasHzoN30s ", 468.2135; obsd, 468.2144.

O
H
\
O
OH 0

CO,Me

NHCbz

(S)-Methyl 2-(benzyloxycarbonylamino)-6-(8)-2-(2-hydroxyphenyl)-4,5-
dihydrooxazole-4-carboxamido)hexanoate (4.23). Compound 4.23 was prepared
following the same procedure used 22 The use of oxazolin2.62(0.104 g, 0.502
mmol), amine4.15 (0.174 g, 0.591 mmol), and EDCeHCI (0.125 g, 0.6%&o0l)
provided a pale orange oil (0.149 g, 61%). Chroeg@phy through 20 g of silica using
4:1 CHCI,/EtOAc afforded4.23as a white solid (0.127 g, 52%). mp = 142-143 R3.
= 0.189 (2:3 hexanes/EtOAc}H NMR (300 MHz, CDC}) & 7.68 (dd,J = 7.8, 1.3 Hz,
1H), 7.42 (tdJ = 8.7, 1.5 Hz, 1H), 7.35 (m, 5H), 7.02 (& 8.4 Hz, 1H), 6.91 (1) = 7.8
Hz, 1H), 6.42 (br-t, 1H, NHBoc), 5.41 (d= 8.1 Hz, 1H, NHCbz), 5.10 (s, 2H), 4.90 (t,
J = 9.5 Hz, 1H), 4.67 — 4.58 (m, 2H), 4.34 (m, 1B)72 (s, 3H), 3.27 (m, 2H), 1.84 —
1.60 (m, 2H), 1.56 — 1.25 (m, 4H) ppnt’C NMR (75 MHz, CDCJ) & 170.7, 167.9,

159.6, 155.9, 136.2, 134.3, 128.50, 128.46, 12819,2, 116.8, 110.0, 69.9, 67.9, 67.0,
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53.6, 52.3, 38.8, 31.9, 28.9, 22.3 ppm. HRMS (FABJz [M+H]* calcd for

CosH3oN3O; ", 484.2084: obsd, 484.2107.

Y
H
N\
< HN]\WN
0]

CO,Bn

NHCbz
(S)-Benzyl 2-(benzyloxycarbonylamino)-6-§)-2-phenyl-4,5-dihydrooxazole-
4-carboxamido)hexanoate (4.24). Compound4.24 was prepared following the same
procedure used fat.22 The use of aci@.11(89 mg, 0.47 mmol), aming. 18 (204 mg,
0.550 mmol), and EDCHCI (112 mg, 0.583 mmol) pdad a light orange oil (156 mg).
Chromatography through 16 g of silica using a sulvgradient from 3:1 to 3:2
CH.CI,/EtOAC yielded4.24 as a white solid (89 mg, 35%). mp = 125-128 °Rf =
0.167 (2:3 hexanes/EtOAcIH NMR (300 MHz, CDCJ) 8 7.97 (d,J = 7.2 Hz, 2H), 7.52
(t, J=7.3 Hz, 1H), 7.42 (t) = 7.5 Hz, 1H), 7.34 (br-s, 10H), 6.72 (bdt= 5.1 Hz, 1H),
5.48 (d,J = 6.9 Hz, 1H, NHCbz), 5.15 (d,= 2.7 Hz, 2H), 5.09 (s, 2H), 4.814 (dHz
10.8, 9.0 Hz, 1H), 4.68 — 4.55 (m, 2H), 4.42 — 486 1H), 3.28 — 3.15 (m, 2H), 1.83
(m, 1H), 1.71 (m, 1H), 1.49 (m, 2H), 1.33 (m, 2H)np HRMS (FAB)m/z [M+H]*

calcd for GH34N3O6", 544.2448: obsd, 544.2452.
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NHCbz
(S)-Benzyl 2-(benzyloxycarbonylamino)-6-($)-2-(2-hydroxyphenyl)-4,5-
dihydrooxazole-4-carboxamido)hexanoate (4.25). Compound4.25 was prepared
following the same procedure used 4022 The use of aci@.62(109 mg, 0.524 mmol),
amine4.18 (234 mg, 0.631 mmol), and EDC-HCI (127 mg, (0.66610l) provided a
light orange oil (148 mg). Chromatography through g of silica using 1:1
hexanes/EtOAc yielded.25 as a white solid (106 mg, 36%). mp = 149-151 ®.=
0.270 (2:3 hexanes/EtOAc)*H NMR (300 MHz, CDCY) & 7.68 (dd,J = 7.8, 1.3 Hz,
1H), 7.42 (m, 1H), 7.34 (m, 10H), 7.02 (= 8.4 Hz, 1H), 6.91 () = 7.8 Hz, 1H), 6.37
(br-t, 1H), 5.41 (dJ = 8.1 Hz, 1H, NHCbz), 5.16 (d,= 3.3 Hz, 2H), 5.10 (s, 2H), 4.89
(t, J = 9.6 Hz, 1H), 4.67 — 4.60 (m, 2H), 4.42 — 4.35 {H), 3.26 — 3.18 (m, 2H), 1.83
(m, 1H), 1.70 (m, 1H), 1.51 (m, 2H), 1.31 (m, 2H)np HRMS (FAB)m/z [M+H]*

calcd for GiH34N307", 560.2397: obsd, 560.2406.

o OH
LWH
N
N
L)
OH

(S)-Methyl 2-(benzyloxycarbonylamino)-6-(§)-3-hydroxy-2-(2-

COZME

NHCbz

hydroxybenzamido)propanamido)hexanoate (4.26). Compound4.26 was prepared

following the same procedure used #022 The use of aci@.62 (90 mg, 0.399 mmol),
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amine4.15 (123 mg, 0.418 mmol), and EDC<HCI (95 mg, 0.498ahmrovided a pale
yellow oil (217 mg). Chromatography through 25fgsiica using 1:4 hexanes/EtOAc
yielded4.26 as a white glassy solid (158 mg, 79%H NMR (300 MHz, CDCJ) & 7.99
(m, 1H), 7.56 (dJ = 7.5 Hz, 1H), 7.32 — 7.26 (m, 5H), 7.09& 5.1 Hz, 1H), 6.89 (d]

= 8.1 Hz, 1H), 6.76 (t) = 7.5 Hz, 1H), 5.77 (dJ = 7.8 Hz, 1H), 5.02 (s, 2H), 4.61 (m,
1H), 4.27 (m, 1H), 4.03 (m, 1H), 3.74 @= 5.4 Hz, 1H), 3.65 (s, 3H), 3.19 (m, 2H),
1.76 — 1.30 (m, 6H) ppmXC NMR (75 MHz, CDC}) & 172.7, 170.6, 170.2, 161.1,
156.1, 136.3, 134.4, 128.4, 128.1, 127.9, 126.6,(11118.3, 114.3, 67.1, 62.6, 54.4,

52.1, 39.1, 32.0, 28.7, 22.4 ppm.

o)
< >—<\ H
\ N._COzBn
O =

NHCbz
(S)-Benzyl 6-(benzyloxycarbonylamino)-2-(@§)-2-phenyl-4,5-dihydrooxazole-
4-carboxamido)hexanoate (4.27). Compound4.27 was prepared following the same
procedure used fot.22 The use of aci@.11 (106 mg, 0.529 mmol), amink21 (263
mg, 0.710 mmol), and EDC+HCI (143 mg, 0.748 mmavided a light orange oil (228
mg). Chromatography through 25 g of silica usingpbvent gradient from 85:15 to 4:1
CH.,CI,/EtOAC yielded4.27 as a white solid (195 mg, 65%). mp = 102-104 °El
NMR (300 MHz, CDC}) & 7.99 (dd,J = 8.4, 1.5 Hz, 2H), 7.51 (t§,= 7.3, 1.5 Hz, 1H),
7.42 (t,J = 7.3 Hz, 1H), 7.35 (m, 10H), 7.23 @5 7.8 Hz, 1H), 5.21 (d] = 12 Hz, 1H),

5.18 (d,J = 12 Hz, 1H), 5.06 (s, 2H), 4.86 (m, 2H), 4.61 @Hl), 3.06 (m, 2H), 1.83 (m,
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1H), 1.70 (m, 1H), 1.43 (m, 2H), 1.27 (m, 2H) ppMRMS (FAB)m/z[M+H] " calcd for

C31H34N30e+, 5442448, ObSd, 544.2445.

o)
Q H
N N._CO,Bn
OH o =

NHCbz

(S)-Benzyl 6-(benzyloxycarbonylamino)-2-(§)-2-(2-hydroxyphenyl)-4,5-
dihydrooxazole-4-carboxamido)hexanoate (4.28). Compound 4.28 was prepared
following the same procedure used #H22 The use of aci®?.62 (56.9 mg, 0.275
mmol), amine4.21(95.8 mg, 0.259 mmol), and EDC+HCI (62 mg, 0.32 atjyrprovided
a cloudy oil (150 mg). Chromatography through 1& gilica using 90% CHCI,/EtOAC
yielded4.28as an oil (111.5 mg, 77.1%JH NMR (500 MHz, CDCJ) & 11.44 (br, 1H),
7.68 (d,J = 7.5 Hz, 1H), 7.41 — 7.29 (m, 10H), 7.02 J& 8.5 Hz, 1H), 6.97 (] = 7.5
Hz, 1H), 6.90 (tJ = 8 Hz, 1H), 5.22 (d) = 12.5 Hz, 1H), 5.16 (d} = 12.5 Hz, 1H), 5.06
(s, 2H), 4.92 (m, 2H), 4.62 (m, 3H), 3.08 {g= 6.5 Hz, 2H), 1.86 — 1.83 (m, 1H), 1.75 —
1.67 (m, 1H), 1.48 — 1.39 (m, 2H), 1.27 — 1.21 @H) ppm. *C NMR (125 MHz,
CDCl) 6 171.5, 170.3, 167.7, 159.6, 156.3, 136.5, 1353%,.2, 128.6, 128.5, 128.43,
128.36, 128.26, 128.0, 127.9, 119.0, 116.9, 10, 67.9, 67.2, 66.4, 51.9, 40.4, 31.7,
29.6, 29.1, 22.2 ppm. HRMS (FAB)/z[M+H]" calcd for G;Hz4N3z07", 560.2397; obsd,

560.2375.
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(S)-Benzyl 6-(benzyloxycarbonylamino)-2-(R)-2-phenyl-4,5-dihydrothiazole-
4-carboxamido)hexanoate (4.31). Compound4.31 was prepared following the same
procedure used fat.22 The use of thiazolin.29 (53.3 mg, 0.257 mmol), amink21
(96.5 mg, 0.261 mmol), and EDC<HCI (60.6 mg, 0.816o0l) provided a yellow oil (159
mg). Chromatography through 15 g of silica usifgOCHCI,/EtOACc yielded4.31as a
yellow oil (109 mg, 75%). Rf = 0.24 (1:1 hexane®Ec — UV lamp). *H NMR (500
MHz, CDCk) & 7.88 (d,J = 7.5 Hz, 2H), 7.50 (1) = 7.0 Hz, 1H), 7.44 — 7.33 (m, 12H),
5.21 — 5.16 (m, 4H), 5.10 — 5.05 (m, 2H), 4.84 {H), 4.69 (tdJ = 7.5, 5.5 Hz, 1H),
3.66 (m, 2H), 3.06 (m, 2H), 1.91 — 1.83 (m, 1HY 11— 1.66 (m, 1H), 1.50 — 1.41 (m,
2H), 1.30 — 1.25 (m, 2H) ppm*C NMR (125 MHz, CDGCJ) & 171.6, 171.3, 171.0,
156.2, 136.5, 135.1, 132.3, 131.9, 128.6, 128.8,4¥ 128.41, 128.39, 128.2, 128.1,
128.03, 127.97, 78.8, 67.1, 66.4, 51.8, 40.5, 38251, 28.9, 22.2 ppm. HRMS (FAB)

m/z[M+H]" calcd for GiH34N305S", 560.2219; obsd, 560.2228.

S

N H

N N\_/COZBn
OH o =

NHCbz
(S)-Benzyl 6-(benzyloxycarbonylamino)-2-(R)-2-(2-hydroxyphenyl)-4,5-

dihydrothiazole-4-carboxamido)hexanoate (4.32). Compound4.32 was prepared
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following the same procedure used #22 The use of thiazoliné.30(57.5 mg, 0.258
mmol), amine4.21 (86.7 mg, 0.234 mmol), and EDCeHCI (56.5 mg, 0.2€85&ol)
provided a yellow oil. Chromatography through 16fgilica using 90% CKCIl./EtOAC
yielded4.32 as an off-white solid (86.2 mg, 64%). Minor epiipation was observed
from analysis ofH and**C spectra.'H NMR (500 MHz, CDC})  11.95 (br, 1H), 7.45
(d, J = 7.5 Hz, 1H), 7.35 — 7.29 (m, 10H), 7.03 Jcs 8.5 Hz, 1H), 6.89 () = 7.5 Hz,
2H), 5.28 — 5.06 (M, 6H), 4.88 (br-m, 1H), 4.66, (te: 8.0, 5.5 Hz, 1H), 3.69 (dd,= 11,
8.0 Hz, 1H), 3.60 (m, 1H), 3.07 (m, 2H), 1.87 (rhi)11.70 (m, 1H), 1.44 (m, 2H), 1.27
(m, 2H) ppm. °C NMR (125 MHz, CDGJ) & 175.8, 171.4, 169.8, 158.8, 156.3, 136.6,
135.1, 133.8, 130.8, 128.6, 128.51, 128.49, 12828 3, 128.2, 128.03, 127.98, 119.3,
117.3, 115.8, 77.9, 67.3, 66.5, 52.1, 40.5, 33198,329.0, 22.2 ppm. HRMS (FAB)/z

[M+H] " calcd for GiH34N2O6S', 576.2168; obsd, 576.2143.

0 0
QA0
OH )
3-Oxa-2-aza-bicyclo[2.2.1]hept-5-en-2-yI((S)-2-(2ydroxyphenyl)-4,5-
dihydrooxazol-4-yl)methanone (mixture of diastereorars 4.36 and 4.36).
Hydroxamic acid3.32(0.304 g, 1.37 mmol) was dissolved in 14 mL of Nte(@ a 100-
mL round-bottomed flask with a stir bar. The flaskd stir bar were previously washed
with 6M HCI, H,O, and acetone to remove any trace metals in thssghre. The
methanolic solution was cooled in an icgfHbath to 4 °C (internal temp.). Freshly

cracked cyclopentadiene (0.60 mL, 7.2 mmol) waseddtb the reaction followed

immediately by the dropwise addition of a solutmnNalO, (0.315 g, 1.47 mmol) in 4
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mL of H,O (0.36M). After 1 min, a white solid was observedthe reaction. The
addition of the Nal@solution was complete after 8 min. The reacti@s stirred in the
ice/H,O bath for an additional 40 min, after which tiniee treaction was complete as
observed by TLC (1:1 hexanes/EtOAc and 9:1,CHIMeOH - UV lamp). The white
solid was removed by vacuum filtration and wash&tl @tOAc (50 mL). Brine (50 mL)
was added to the filtrate, and solid immediatebsbed out of solution. J@ was added
until all of the solid dissolved (30 mL). The lagevere separated and the aqueous layer
was extracted with EtOAc (2 x 50 mL). The combig@®Ac layers were washed with
brine (50 mL), dried over N&Q;, filtered, and concentrated by rotary evaporaflmath
temp <40°C) to yield a yellow oil (497 mg). Thd wias chromatographed through a
Biotage 40S column using a solvent gradient froml Rexanes/EtOAc to 3:2
hexanes/EtOAc to yield the two isomets36 (164.5 mg, 42%) and.36’ (114.8 mg,
29.3%), as well as mixed.36 and4.36’ (71.4 mg, 18.2%), all as colorless oils. Total
combined yield of4.36 and4.36’ was 350.7 mg (90%). Absolute configuration of the
stereochemistry was not assigned.36: Rf = 0.21 (1:1 hexanes/EtOAc — UV lamp,
CAM stain). *H NMR (500 MHz, CDCY) 5 11.76 (br, 1H), 7.59 (d} = 7.5 Hz, 1H), 7.33
(t, J= 7.5 Hz, 1H), 6.94 (d] = 8.5 Hz, 1H), 6.81 (m, 1H), 6.56 (m, 1H), 6.4HddJ =
5.5, 2.5, 1.5 Hz, 1H), 5.32 (br-m, 2H), 5.00 (m,)1#68 (t,J = 8.0 Hz, 1H), 4.46 (dd]

= 10.0, 9.0 Hz, 1H), 1.97 (d,= 8.0 Hz, 1H), 1.84 (dJ = 8.5 Hz, 1H) ppm.}*C NMR
(125 MHz, CDC}) 6 171.5, 166.9, 159.7, 136.5, 133.5, 132.5, 118148,5, 110.1, 84.8,
68.2, 66.5, 62.3, 48.1 ppm4.36’: Isolated with impurity (imp) as described hereRf. =
0.14 (1:1 hexanes/EtOAc — UV lamp, CAM stairiH NMR (500 MHz, CDC}) 5 11.78

(br, 1H), 7.59 (dJ = 7.5 Hz, 1H), 7.33 (] = 7.5 Hz, 1H), 6.96 (dd} = 8.0, 0.5 Hz, 1H),
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6.82 (m, 1H), 6.59 (td] = 5.5, 2.0 Hz, 1H), 6.36 (m, 1H), 5.34 (m, 2HNB(dd,J = 9.5,
8.5 Hz, 1H), 4.42 (m, 2H), 2.02 (d,= 8.5 Hz, 1H), 1.85 (dJ = 9.0 Hz, 1H) ppm.*°C
NMR (125 MHz, CDC}) & 171.1, 167.1, 164.8 (imp), 159.7, 159.4 (imp), .836.34.0
(imp), 133.9 (imp), 133.5, 133.1, 132.7 (imp), ®2&mp), 128.0, 118.9 (imp), 118.4,
116.6, 110.1, 84.7, 83.8 (imp), 68.1 (imp), 67.8.5666.4 (imp), 64.6 (imp), 62.0, 48.4,

48.2 (imp).

N\
N N
OBn o)

3-Oxa-2-aza-bicyclo[2.2.1]hept-5-en-2-yIf)-2-(2-(benzyloxy)phenyl)-4,5-
dihydrooxazol-4-yl)methanone (mixture of diastereorars 4.37 and 4.37’). The
mixture of diastereomers was prepared followingghme procedure fer.36 and4.36'.
The use of hydroxamatg.21 (52 mg, 0.166 mmol), cyclopentadiene (0.100 mR51.
mmol), and Nal@ (60 mg, 0.282 mmol) provided a yellow oil. Chrdography through
silica gel using 4:1 EtOAc/hexanes vyielded a ceksl oil composed of both

diastereomerd.36and4.36’ as well as a mixture of other impurities (37 mg).

- CO,Me
cl

i
HoN~,

(s COzMe

(¥)-(3R,59)-3,5-Bis(methoxycarbonyl)isoxazolidin-2-ium  chlorde (4.38).
Compound3.44 (0.153 mg , 0.529 mmol) was dissolved in@E{(25 mL) and HCI gas,

produced from the addition of concentrateg58, to a mixture of concentrated HCI and
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NaCl, was bubbled through the solution for 1.5 White solid was observed and the
reaction was monitored by TLC. The solvent waspevated and the residue was used

immediately without purification.

CO,Me
0
HN
€) éozlvle
(¥)-(3R,6S)-Dimethyl morpholine-3,6-dicarboxylate (4.41). TFA (0.50 mL, 6.5

mmol) was added slowly to a solution contain$145 (0.246 g, 0.811 mmol) in Gigl,
(10 mL) at 4 °C (ice/kD bath). The mixture was stirred for 10 min, tgarmed to RT
and stirred for an additional 3 @.45was still present by TLC, so an additional 4 €q. o
TFA was added to the reaction. After stirring o5 h at RT, 25 mL of 10 wt% aqueous
NaCO; was added to the solution slowly and the layereeveeparated. The aqueous
layer was extracted with GBI, (3 x 20 mL) and the combined organic layers weredd
over MgSQ, filtered, and concentrated to yielddlas a yellow oil (0.141 g, 86%). The
oil was used immediately without purification. Rf0.16 (1:1 hexanes/EtOAc — CAM

stain). *H NMR (300 MHz, CDC{) 8 4.41 (dd,J = 7.8, 4.2 Hz, 1H), 3.76 (s, 3H), 3.75 (s,

3H), 3.71 (ddJ) = 9.0, 4.2 Hz, 1H), 2.21 — 1.82 (m, 4H) ppm.

CO,Bn

?
HN
@ CO,Bn
(¥)-(3R,6S)-Dimethyl morpholine-3,6-dicarboxylate (4.42). Compound4.42
was prepared following the same procedure4fi@grl Compound3.48 (0.623 g, 1.37

324



mmol) provided4.42 as a yellow oil (0.443 g, 91%). The oil was usi@@ctly without
purification. Rf = 0.38 (1:1 hexanes/EtOAc — CAMAig). *H NMR (300 MHz, CDCJ)
0 7.35 (m, 10H), 6.50 (d] = 2.7 Hz, 1H), 5.30 — 5.14 (m, 4H), 4.45 (dd; 6.9, 4.8 Hz,

1H), 3.75 (dtJ = 5.4, 4.2 Hz, 1H), 2.26 — 1.90 (m, 4H) ppm.

) ) 9] )
BocHN /k/u\ BocHN /k/u\
o N N\OBn \;)J\O ' N N\OBn
o) . S )

4.47 4.48
83 83

(9)-4-((S)-1-(Benzyloxy)-2-oxoazepan-3-ylamino)-4-oxobutan-g 2-(tert-
butoxycarbonylamino)-6-(2,2-dimethyl-1,3-dioxolan-4yl)hexanoate  (mixture  of
diastereomers 4.47 and 4.48). Preparation using Ywsguchi esterification
conditions. Acid ()-3.101(52.9 mg, 0.160 mmol) an8l.125(52.4 mg, 0.164 mmol)
were dissolved in 3 mL of anhydrous &, in a 25-mL round-bottomed flask under Ar.
DMAP (5.8 mg, 0.047 mmol) was added, followed bigthrylamine (0.045 mL, 0.32
mmol) and 2,4,6-trichlorobenzoyl chloride (0.050 .32 mmol). The solution was
stirred at RT under Ar. After about 1 day, thectemn was progressing by TLC (100%
EtOAc - UV lamp, CAM stain), but also incomplet&he reaction was allowed to stir at
RT under Ar. After 3 days, an additional 3 mL of£l, was added to replace the
amount that had evaporated. After 5 days, not mhath changed by TLC and the
reaction was diluted with EtOAc (15 mL) and® (10 mL) was added. The layers were
separated and the aqueous layer was extractedettAc (2 x 15 mL). The combined
organic layers were washed with saturated Nakl(ZD mL) and brine (20 mL), dried

325



over NaSQ,, filtered, and concentrated to yield a colorlessidue. The residue was
chromatographed through 12 g of silica using aestghgradient from 100% CK&lI, to
100% EtOAc to afford the mixture of diastereomér$7 and4.48 as a colorless residue
(54.7 mg, 54.1% vyield) and unreacted coba@tib25 as a white solid (4.1 mg, 7.8%
recovery). *H NMR (500 MHz, CDCJ) 8 7.44 — 7.41 (m, 2H), 7.40 — 7.37 (m, 3H), 7.08
(m, 1H), 5.36 — 5.19 (m, 2H), 5.00 (db= 10.5, 3.0 Hz, 1H), 4.90 (dd,= 10.5, 3.0 Hz,
1H), 4.48 (m, 1H), 4.25 (m, 1H), 4.07 — 3.89 (m,)28168 — 3.61 (m, 1H), 3.53 — 3.46
(m, 2H), 2.60 — 2.55 (m, 1H), 2.50 — 2.44 (m, 183 — 1.96 (m, 1H), 1.94 — 1.88 (m,
1H), 1.86 — 1.78 (m, 1H), 1.76 — 1.58 (m, 4H), 1-50.30 (m, 19H) ppm.**C NMR
(125 MHz, CDC$) 6 171.9, 171.8, 170.0, 169.9, 168.2, 168.1, 15554.3, 134.90,
134.87, 129.5, 128.9, 128.8, 128.52, 128.50, 1089, 79.5, 76.8, 75.79, 75.77, 69.3,
68.9, 53.5, 52.64, 52.58, 51.73, 51.65, 42.6, 423529, 33.27, 33.2, 32.3, 32.2, 31.4,
28.3, 28.2, 27.5, 26.8, 26.1, 25.6, 25.42, 25.%3,225.24, 25.22, 19.7, 19.6 ppm.

HRMS (FAB)m/z[M]"* calcd for GaHsiNsOs", 633.3625; obsd, 633.3602.

Preparation of the mixture of diastereomers 4.47 ah 4.48 using EDC and
DMAP (Table 4.2, entry 5). Acid 3.101(0.472 g, 1.43 mmol) an8l125(0.457 g, 1.43
mmol) were dissolved in 10 mL of anhydrous £L4 in a 100-mL round-bottomed flask
under Ar. DMAP (180 mg, 1.48 mmol) was added,dwkd by EDC.HCI (1.28 g, 6.68
mmol). The mixture was stirred at RT under Ar anohitored by TLC (100% EtOAc -
UV lamp, CAM stain). The volume of the reactionswaduced to ~5 mL and the orange
mixture was partitioned between EtOAc (50 mL) angdDH50 mL). The layers were

separated and the aqueous layer was extractedettAc (3 x 30 mL). The combined
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organic layers were washed with® (25 mL), 10 wt% citric acid (2 x 25 mL),.B (25
mL), saturated NaHC£2 x 25 mL), and brine (25 mL), dried over Mg§@ltered, and
concentrated to yield a yellow oil. The oil wasarhatographed through 100 g of silica
using a solvent gradient from 100% &Hp to 1.3 CHCI,/EtOACc to yield a mixture of
4.47and4.48as a light yellow oil. The oil was dried undecuwam (2 mm Hg) for 1 h to

yield a white foam (0.626 g, 69.3% yield).

Preparation of the mixture of diastereomers 4.47 ah 4.48 using EDC,
DMAP, and 4-pyrrolidinopyridine (Table 4.2, entry 6). Acid 3.101(0.805 mmol) and
3.125(0.265 g, 0.826 mmol) were dissolved in 5 mL ohydrous CHCI; in a 25-mL
round-bottomed flask under Ar. DMAP (25 mg, 0.20B0l) and 4-pyrrolidinopyridine
(25 mg, 0.17 mmol) were added, followed by EDCeHCI660 g, 3.44 mmol). The
mixture was stirred at RT under Ar and monitoredThyC (100% EtOAc - UV lamp,
CAM stain). The reaction was diluted with EtOA®(&1L) and HO (20 mL) and the
layers were separated. The aqueous layer was@draith EtOAc (2 x 20 mL), and the
combined organic layers were washed witOH20 mL) and brine (20 mL), dried over
MgSQ,, filtered, and concentrated to a yellow oil. Tdiewas chromatographed through
50 g of silica using a solvent gradient from 100%.Cl, to 25% CHCI,/EtOAc and

yielded a mixture ofi.47and4.48as a yellow oil (0.354 g, 69% vyield).

Attempted deprotection of 4.47 and 4.48 using TMSOfTand 2,6-lutidine. A
mixture of4.47 and4.48 (75.6 mg, 0.119 mmol) was dissolved in 2 mL of yarbus

CH.Cl, in a flame-dried 10-mL round-bottomed flask under 2,6-Lutidine (0.030 mL,
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0.26 mmol) was added, followed by trimethylsilyifitroromethanesulfonate (0.035 mL,
0.18 mmol) dropwise. The solution was stirred &tuder Ar and monitored by TLC
(100% EtOAc - CAM stain, ninhydrin stain). Afte® inin, the reaction was not clean by
TLC, and starting material remained. After stigifor 3 days, with no change observed
by TLC, additional 2,6-lutidine (0.030 mL, 0.26 mihand TMSOTf (0.035 mL, 0.18
mmol) was added. The reaction was stirred at R¥euAr for 20 min, then diluted with
CH.CI, (5 mL) and saturated NaHG®10 mL) was added. The layers were separated
and the aqueous layer was extracted with@H(2 x 7 mL). The combined organic
layers were dried over MgSQQfiltered, and concentrated to yield a yellow @D3.6
mg). The mixture was analyzed by LC-MS and wasébto contain large amounts of
2,6-lutidine (rt = 3.80 min), and starting materi@l7 and 4.48 (rt = 9.02 min).
Approximately equal amounts df51 (rt = 6.10 min, MW = 535%.52 (rt = 6.60 min,

MW = 595) were observed in the LC trace as well.&8

(@] O
an LI
’ © H N\OBn
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OH
OH

(9)-4-((S)-1-(Benzyloxy)-2-oxoazepan-3-ylamino)-4-oxobutan-@  2-amino-
7,8-dihydroxyoctanoate (4.53).A mixture of4.47 and4.48(0.185 g, 0.291 mmol) was
dissolved in 4 mL of 90% TFA/HD in a 25-mL round-bottomed flask. The brown
solution was stirred at RT for 20 min, then addedpdise to a beaker containing

saturated NaHC£(50 mL). Solid sodium carbonate was added tonthéure until the
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aqueous layer was a pH of 8-9 (pH paper). @K (15 mL) was added and the layers
were separated. The cloudy aqueous layer wasceedravith CHCI, (3 x 10 mL). The
combined organic layers were dried over MgSfiltered, concentrated to yield crude
4.53as a yellow oil (92.8 mg, 64.6% yield). The metewas used without purification.
'H NMR (300 MHz, CDC}) & 7.40 — 7.36 (m, 5H), 4.98 — 4.85 (m, 2H), 4.46 {H),

3.66 — 3.35 (m, 5H), 2.98 (br, 3H), 2.61 — 2.42 Bi), 2.00 — 1.30 (m, 17H) ppm.

O o o)

s AR L I

N " © H N\OBn
o)

OH 0

mixture of two

diastereomers
OH

OH
(9)-4-((S)-1-(Benzyloxy)-2-oxoazepan-3-ylamino)-4-oxobutan-g 7,8-
dihydroxy-2-((S)-2-(2-hydroxyphenyl)-4,5-dihydrooxazole-4-carboxanao)octanoate
(4.54). Amine 4.53 (92.8 mg, 0.188 mmolR.62 (40.7 mg, 0.196 mmol), and HOBt
(29.6 mg, 0.219 mmol) were dissolved in 5 mL ofwirbus CHCI, in a 25-mL round-
bottomed flask under Ar. EDCeHCI (51.7 mg, 0.27hah) was added in one portion
and the mixture was stirred at RT under Ar. Aftérh, product formation was observed
by TLC (9:1 EtOAc/MeOH - UV lamp, CAM stain). Theaction was diluted with
EtOAc (25 mL) and KO (25 mL) and the layers were separated. The glaggieous
layer was extracted with EtOAc (3 x 20 mL) and ttembined organic layers were
washed with saturated NaHG@ x 20 mL), HO (2 x 20 mL), and brine (20 mL), dried
over MgSQ, filtered, and concentrated to yield a yellow oil.The oil was

chromatographed through 10 g of silica using aesghgradient from 100% EtOAc to
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90% EtOAc/MeOH and yielded.54 as a colorless residue (83.1 mg, 64.7% yield) = Rf
0.28 (9:1 EtOAc/MeOH — UV lamp, CAM stainfH NMR (500 MHz, CDC})  7.77 —
7.67 (m, 1H), 7.42 — 7.35 (m, 5H), 7.21 — 7.16 (BH), 7.09 — 7.01 (m, 2H), 7.94 —
7.89 (m, 1H), 5.36 — 5.33 (m, 0.5H), 5.26 (m, 0.56{p2 — 4.95 (m, 2H), 4.89 (=
10.5 Hz, 1H), 4.82 — 4.78 (m, 0.5H), 4.68 — 4.59 BiH), 4.54 — 4.43 (m, 2H), 3.71 —
3.57 (m, 2H), 3.55 — 3.47 (m, 2H), 3.39 — 3.33 i), 2.58 (dd,) = 10.5, 8.0 Hz, 0.5H),
2.50 (dd,J = 14.5, 4.5 Hz, 0.5H), 2.41 (d,= 7.0 Hz, 1H), 2.00 — 1.85 (m, 3H), 1.80 —
1.60 (m, 3H), 1.50 — 1.20 (m, 11H) ppriC NMR (125 MHz, CDGJ) & 170.99, 170.97,
170.61, 170.57, 170.4, 170.23, 170.20, 170.17,1177.0.0, 168.9, 168.8, 168.4, 168.3,
167.6, 167.22, 167.18, 159.7, 159.4, 135.02, 134.88.82, 134.81, 134.2, 134.1, 129.5,
129.4, 128.94, 128.92, 128.58, 128.56, 128.5, 11919.1, 116.9, 116.7, 110.2, 110.0,
76.9, 71.9, 71.55, 71.45, 70.9, 69.74, 69.69, 68054, 69.21, 69.18, 67.9, 67.84, 67.81,
66.82, 66.76, 66.71, 66.69, 52.70, 52.67, 52.63,522.20, 52.15, 51.9, 51.7, 51.64,
51.60, 51.58 ppm. HRMS (FABWz[M+H]" calcd for GsH47N4O10", 683.2392; obsd,

683.3283.

mixture of two

diastereomers
OH

OH
(S)-4-Ox0-4-((S)-2-oxoazepan-3-ylamino)butan-2-yl  7,8-dihydroxy-4{S)-2-
(2-hydroxyphenyl)-4,5-dihydrooxazole-4-carboxamida)ctanoate  (4.55). All

glassware used was washed with 6M HCI (2x), thenvBter to neutral pH (pH paper),
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then acetone and was flame-dried before use tovertrace amounts of Fe and other
metals. Anhydrous MeOH (2 mL) was addedt64 (11.6 mg, 0.0170 mmol) in a 10-
mL round-bottomed flask. The mixture was purgethvAir and 10 wt% Pd/C (2 mg)
was added. The black mixture was purged with BAentwith B for 30 seconds, then
was stirred under H(balloon). After 55 min, the mixture was analyzeyl TLC (9:1
EtOAc/MeOH - UV lamp, CAM stain), but only startimgaterial was observed. Glacial
acetic acid (0.001 mL, 0.017 mmol, ~1 equiv) waseddtb the mixture. After 30 min,
no change was observed. Additional 10 wt% Pd/C added (about 3 mg) and the
mixture was stirred under,H After 1 h, no starting material was observed’h¢, and a
new, FeCd-positive spot was observed just above the basellie reaction was filtered
through glass filter paper. The colorless filtratas concentrated to yield a mixture of
4.55 and other impurities as a residue (6.8 mg, 67.89decyield). LC/MS (5 — 80%

CHsCN/10 mM NHOAC) R = 5.43 and 5.57 minm/z[M+H]* 577.5.

O o) o)

\ H /’\/U\

N N o N N
OH o H OH

O

mixture of two

OH diastereomers

OH
(9)-4-((S)-1-Hydroxy-2-oxoazepan-3-ylamino)-4-oxobutan-2-yl 7,8-
dihydroxy-2-((S)-2-(2-hydroxyphenyl)-4,5-dihydrooxazole-4-carboxanao)octanoate
(4.56). All glassware used was washed with 6M HCI (2kgnt HO to neutral pH (pH
paper), then acetone and was oven-dried beforeéousamove trace amounts of metals.

Anhydrous MeOH (10 mL) was added4d4(70.6 mg, 0.103 mmol) in a 25-mL round-
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bottomed flask. The mixture was purged with An{i) and 10 wt% Pd/C (31.5 mg, 45
wt% of 4.54) was added. The black mixture was purged witl{2Amin), then with H (2
min), then was stirred under;Hballoon). After 1 h, no starting material remednby
TLC analysis of the reaction mixture (9:1 EtOAc/Me&G@ UV lamp, Fe(d stain), and a
FeCk-positive spot was observed just above the baselliie reaction was purged with
Ar (3 min) and filtered through a pad of celite pegass filter paper. The filtrate was
still contaminated with fine particles of Pd/C awds filtered through a 4mm acrodisc
syringe filter and concentrated to yield a lighamge oil. The oil was dried under
vaccuum (2 mm Hg) and solidified (51.2 mg, 83.6%der yield). The crude material
was dissolved in MeOH and analyzed by LC-MS. Thksirgéd product eluted at 5.32
min. Other peaks were observed at 6.62 min, 7.ib5 and a significant impurity at 7.72
min. The crude mixture was purified by trituratisith acetonitrile and providedl.56 as

a white solid (26.2 mg, 42.8% vyield). LC/MS (5%%8@H,CN/10mM NH,OAC) R =
5.32 min. *H NMR (500 MHz, §-DMSO, 30 °C)3 8.64 (m, 1H), 8.04 (dd] = 14, 7.0
Hz, 1H), 7.62 (dJ = 7.5 Hz, 1H), 7.44 (m, 1H), 7.97 — 7.87 (m, 2612 (m, 1H), 4.99
(m, 1H), 4.60 (qJ = 9.5 Hz, 1H), 4.50 (m, 1H), 4.44 (m, 1H), 4.21, @BH), 4.15 (m,
0.5H), 3.86 (dJ = 11.5 H, 0.5H), 3.82 (d, = 11.5 Hz, 0.5H), 3.51 — 3.45 (m, 1H), 3.38 —
3.21 (m, 5H), 2.54 — 2.39 (m, 1H), 1.84 — 1.58 @id), 1.47 — 1.21 (m, 8H), 1.19 @ =
6.5 Hz, 1.5H), 1.14 (d] = 6.0 Hz, 1.5H) ppm**C NMR (125 MHz, §-DMSO, 30 °C)5
171.0, 170.8, 169.7, 169.6, 168.54, 168.45, 1671.87,78, 165.7, 133.77, 133.73, 128.0,
118.4, 116.8, 116.7, 109.98, 109.87, 70.9, 70.8),688.7, 68.5, 67.04, 67.00, 65.8, 52.4,

52.3, 52.2, 50.6, 41.2, 33.01, 32.98, 30.7, 3038955, 30.4, 26.89, 26.86, 25.4, 25.33,
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25.28, 24.7, 19.4, 19.2 ppm. HRMS (FAB)/z [M+H]" calcd for GgHsiN4O1o,

593.2823; obsd, 593.2801.

O = O
BocHN -
O/\)LNQ
H OBn

o]

.

(R)-4-((S)-1-(Benzyloxy)-2-oxoazepan-3-ylamino)-4-okatan-2-yl 2-(tert-
butoxycarbonylamino)-6-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)hexanoate (4.57).
Compound.57was prepared following the procedure usedtdi7 and4.48using EDC,
DMAP, and 4-pyrrolidinopyridine. The use of ackE(/R)-3.101(0.246 g, 0.742 mmol),
3.124(0.238 g, 0.742 mmol), EDC-HCI (0.650 g, 3.39 mmBIMAP (33.0 mg, 0.270
mmol), and 4-pyrrolidinopyridine (40.0 mg, 0.270 wiin provided a yellow oil.
Chromatography through 50 g of silica using a sahvgradient from 100% CiEl, to
33% CHCI,/EtOAC yielded4.58 as a light white foam (0.268 g, 57% vyield). The
product consisted of approximately a 2:1 mixtureepimers fromtH NMR data. Rf =
0.37 (100% EtOAc — CAM stain). LC/MS (5 — 80% £HN/10 mM NH,OAc) R = 8.95
min. *H NMR (500 MHz, CDC}) & 7.43 — 7.36 (m, 5H), 7.05 (d,= 6.5 Hz, 1H), 7.02
(d, J = 6.5 Hz, 1H epimer), 5.35 — 5.19 (m, 2H), 4.98)¢ 10.5 Hz, 1H), 4.99 (d] =
10.0 Hz, 1H epimer), 4.90 (d,= 10.5 Hz, 1H), 4.46 (ddd, = 11.0, 6.5, 1.0 Hz, 1H),
4.23 (m, 1H), 4.07 — 3.98 (m, 2H), 3.64 J&; 11.5 Hz, 1H epimer), 3.60 (d= 11.5 Hz,
1H), 3.53 — 3.45 (m, 2H), 2.59 — 2.45 (m, 2H), 1-98.88 (m, 2H), 1.81 — 1.61 (m, 5H),
1.51 — 1.33 (m, 19H) ppm*C NMR (125 MHz, CDGJ) & 171.9, 170.00 (epimer),
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169.97, 168.2, 155.4, 134.93 (epimer), 134.90,32%pimer), 129.57, 128.89, 128.87
(epimer), 128.5, 108.58 (epimer), 108.56, 79.68,785.8, 69.3, 68.94, 68.88 (epimer),
53.6, 53.5 (epimer), 52.7, 51.7, 42.6 (epimer),5433.3 (epimer), 33.2, 32.5, 32.4
(epimer), 31.5, 31.4, 28.3, 27.52 (epimer), 27289, 26.1, 25.7, 25.42, 25.40, 25.35,
25.42, 19.62 (epimer), 19.56 ppm. HRMS (FAB)z [M+H]" calcd for GsHsN30q",

634.3704; obsd, 634.3709.

(R)-4-((S)-1-(Benzyloxy)-2-oxoazepan-3-ylamino)-4-oxobutan-2 2-(tert-
butoxycarbonylamino)-6-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)hexanoate (4.58).
Compound4.58was prepared following the procedure usedtdiv and4.48using EDC,
DMAP, and 4-pyrrolidinopyridine. The use of ack§(/R)-3.101(0.276 g, 0.832 mmol),
3.124(0.268 g, 0.837 mmol), EDC-HCI (0.730 g, 3.81 mmBIMAP (36.5 mg, 0.299
mmol), and 4-pyrrolidinopyridine (44 mg, 0.30 mmoprovided a vyellow oil.
Chromatography through 50 g of silica using a suivgradient from 100% Ci€l, to
33% CHCI./EtOAc yielded4.58as a light yellow oil (0.292 g, 55% vyield). Thegduct
consisted of approximately a 2:1 mixture of epimiecsn 'H NMR data. Rf = 0.37
(100% EtOAc — CAM stain). LC/MS (5 — 80% @EN/10 mM NH,OAcC) R = 8.97 min.
'H NMR (500 MHz, CDCY) & 7.44 — 7.36 (m, 5H), 7.03 (m, 1H epimer), 7.00)(d,6.0
Hz, 1H), 5.35 — 5.18 (m, 2H), 4.99 (m, 1H), 4.96,(@= 10.5, 2.0 Hz, 1H), 4.46 (dd=
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10.5, 6.5 Hz, 1H), 4.25 (dd,= 13.5, 8.0 Hz, 1H), 4.08 — 3.99 (m, 2H), 3.62 (iH),
3.53 — 3.45 (m, 2H), 2.59 — 2.45 (m, 2H), 1.99961(m, 1H), 1.92 — 1.88 (m, 1H), 1.82
(m, 1H), 1.75 — 1.60 (m, 4H), 1.48 — 1.31 (m, 19in. *C NMR (125 MHz, CDG)) &
171.91, 171.89, 170.0, 168.2, 155.4, 135.0, 12828,94, 128.91, 128.6, 108.6, 79.6,
76.9, 75.8, 69.4, 68.9, 53.5, 52.8, 51.7, 42.6&%Pepimer), 33.32 (epimer), 33.27, 32.6
(epimer), 32.4, 31.6 (epimer), 31.5, 28.3, 27.69286.2, 25.7, 25.5, 25.42, 25.38, 25.2,
19.7, 19.6 (epimer) ppm. HRMS (FAR)/z[M+H]" calcd for GsHso:N3Og*, 634.3704;

obsd, 634.3706.

) 9]
BocHN J\/U\
gj\o N "oen
o

%

(9)-4-((S)-1-(Benzyloxy)-2-oxoazepan-3-ylamino)-4-oxobutan-g 2-(tert-
butoxycarbonylamino)-6-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)hexanoate (4.59).
Compound.59was prepared following the procedure usedfdi7 and4.48using EDC,
DMAP, and 4-pyrrolidinopyridine. The use ofR29-3.101(0.141 g, 0.425 mmol), 4-
pyrrolidinopyridine (23.0 mg, 0.155 mmol), EDC*H{@.356 g, 1.86 mmol), DMAP
(22.1 mg, 0.181 mmol), and.125 (0.136 g, 0.425 mmol) provided a colorless oil.
Chromatography through 30 g of silica using a sahvgradient from 100% CiEl, to
33% CHCI,/EtOAc yielded4.59 as a yellow oil (0.177 g, 66% vyield). Isolated as
mixture of epimers. Rf = 0.36 (100% EtOAc — CAMis). *H NMR (500 MHz,
CDCl) & 7.44 — 7.32 (m, 5H), 7.12 (m, 1H), 5.40 Jc& 8.5 Hz, 1H), 5.30 (m, 2H), 5.00
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(dd,J = 10.0, 2.5 Hz, 1H), 4.89 (dd,= 10.5, 3.0 Hz, 1H), 4.50 — 4.43 (m, 1H), 4.25 (m,
1H), 4.06 — 3.98 (m, 2H), 3.68 — 3.60 (m, 1H), 3-53.44 (m, 2H), 2.58 (dd, = 15.0,
7.0 Hz, 1H), 2.51 — 2.45 (m, 1H), 2.04 — 1.97 (#),11.94 — 1.88 (m, 1H), 1.86 — 1.80
(m, 1H), 1.76 — 1.58 (m, 4H), 1.50 — 1.25 (m, 19idin. **C NMR (125 MHz, CDGJ) &
171.75 (epimer), 171.70, 169.9, 169.8 (epimer),.1,6868.0 (epimer), 155.34, 155.25
(epimer), 134.80, 134.77 (epimer), 129.4, 128.%8ner), 128.69, 128.4, 108.4, 79.4
(epimer), 79.3, 76.6, 75.7 (epimer), 75.6, 69.2pinjer), 69.20, 68.8, 53.4, 53.3
(epimer), 52.5, 52.4, 51.6 (epimer), 51.5, 42.5342pimer), 33.2 (epimer), 33.1, 32.2
(epimer), 32.0, 31.25, 31.22, 28.2, 28.1 (epini&r)3, 26.7, 26.0, 25.5, 25.3, 25.2, 25.1,

19.5 ppm.

) 9]
BocHN J\/U\
E)J\O H N\OBn
0

s
(9)-4-((S)-1-(Benzyloxy)-2-oxoazepan-3-ylamino)-4-oxobutan-g 2-(tert-
butoxycarbonylamino)-6-(([R)-2,2-dimethyl-1,3-dioxolan-4-yl)hexanoate (4.60).
Compound4.60was prepared following the procedure usedfdi7 and4.48using EDC,
DMAP, and 4-pyrrolidinopyridine. The use 0f§ZR)-3.101(33.8 mg, 0.102 mmol), 4-
pyrrolidinopyridine (6.8 mg, 0.046 mmol), EDC*H®2.2 mg, 0.481 mmol), DMAP
(8.0 mg, 0.65 mmol), an®.125 (33.2 mg, 0.104 mmol) provided a yellow residue.
Chromatography through 10 g of silica using a sahvgradient from 100% C&l, to
50% CHCI,/EtOAC yielded4.60as a yellow foam (40.0 mg, 62% vyield). Isolatecaas
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mixture of epimers. Rf=0.36 (100% EtOAc — CAMis). *H NMR (500 MHz, CDC4.

) 87.44 — 7.37 (m, 5H), 7.07 (d,= 6.0 Hz, 1H), 5.35 — 5.18 (m, 2H), 5.00 (m, 1490
(m, 1H), 4.49 — 4.42 (m, 1H), 4.28 — 4.22 (m, 1#)8 — 3.99 (m, 2H), 3.68 — 3.60 (m,
1H), 3.54 — 3.45 (m, 2H), 2.59 (ddi= 15.0, 6.0 Hz, 1H), 2.46 (dd= 15.0, 6.0 Hz, 1H),
2.05—1.98 (m, 1H), 1.94 — 1.87 (m, 1H), 1.85574(m, 5H), 1.53 — 1.25 (m, 19H) ppm.
%C NMR (125 MHz, CDG)) & 171.9, 170.02 (epimer), 169.97, 168.2 (epimerg.16
155.4, 134.94 (epimer), 134.90, 129.6, 128.9, 12B08.6, 79.64, 79.55 (epimer), 76.9,
75.8, 69.4, 68.9, 53.5, 52.7, 52.6 (epimer), 58187 (epimer), 42.7 (epimer), 42.5, 33.31
(epimer), 33.25, 32.4, 31.4, 28.31 (epimer), 282775, 26.9, 26.1, 25.7, 25.4, 25.3, 19.7

(epimer), 19.6 ppm.

OH
(9)-((R)-4-((S)-1-(Benzyloxy)-2-oxoazepan-3-ylamino)-4-oxobutan-g) 2-
amino-7,8-dihydroxyoctanoate (4.61). Compound4.61 was prepared following the
same procedure used f4r53 Compoun.57 (0.175 g, 0.276 mmol) provided crude
4.61as an off-white foam (98.9 mg, 73% vield). Isethias a mixture of epimers.*H
NMR (300 MHz, CDC}) & 7.40 — 7.14 (m, 6H), 5.32 — 5.23 (m, 1H), 4.95Xd; 10.2
Hz, 1H), 4.85 (dJ = 10.2 Hz, 1H), 4.56 — 4.41 (m, 1H), 3.66 — 3.88 9H), 2.58 — 2.43
(m, 2H), 1.93 — 1.22 (m, 17H) ppmt3C NMR (75 MHz, CDC}) & 174.0, 170.1, 169.9

(epimer), 168.6, 168.3 (epimer), 134.8, 129.5, 82828.5, 76.8, 71.6 (epimer), 71.4,
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68.8, 66.5, 54.0, 52.6, 51.6, 42.3, 33.7, 32.53,327.4 (epimer), 27.3, 26.0, 24.9, 24.7,

19.7 ppm.

""OH
OH

(9)-((R)-4-((S)-1-(Benzyloxy)-2-oxoazepan-3-ylamino)-4-oxobutan-g)  7,8-
dihydroxy-2-((S)-2-(2-hydroxyphenyl)-4,5-dihydrooxazole-4-carboxanao)octanoate
(4.62). Compound4.62 was prepared following the same procedure usedfod
Oxazoline2.62(44.4 mg, 0.214 mmol), EDC+HCI (53 mg, 0.276 mmbIpBt (31.9 mg,
0.236 mmol), and.61(98.9 mg, 0.200 mmol) provided an oil. Chromaaguiry through
15 g of silica using a solvent gradient from 100%@4&c to 95% EtOAc/MeOH yielded
4.62 as a white solid (73 mg, 53% yield). Isolatechamixture of epimers. Rf = 0.27
(9:1 EtOAc/MeOH — CAM stain, UV lamp)!H NMR (500 MHz, CDCJ) & 11.45 (br,
1H), 6.68 (dtJ = 8.0, 1.5 Hz, 1H), 7.43 — 7.35 (m, 5H), 7.17 817(m, 3H), 6.90 (tJ =
7.5 Hz, 1H), 5.37 — 5.23 (m, 1H), 4.99 — 4.93 (iH),24.89 — 4.86 (m, 1H), 4.68 — 4.62
(m, 2H), 4.58 — 4.54 (m, 1H), 4.47 — 4.42 (m, 1B{}2 — 3.34 (m, 5H), 2.62 — 2.43 (m,
2H), 1.96 — 1.84 (m, 3H), 1.78 — 1.64 (m, 3H), 1-50.26 (m, 11H) ppm.**C NMR
(125 MHz, CDC}4) 6 170.9 (epimer), 170.8, 170.4 (epimer), 170.3, 1 T6pimer), 170.0,
168.4, 168.3 (epimer), 167.9, 167.6 (epimer), 159169.59 (epimer), 134.9 (epimer),
134.8, 134.2, 129.53, 129.49 (epimer), 128.91, 828epimer), 128.6, 128.5 (epimer),

119.1, 116.89 (epimer), 116.87, 110.0, 76.8, 7&gbnfer), 71.2, 69.45 (epimer), 69.41,
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67.94 (epimer), 67.90, 66.8, 66.7 (epimer), 52@&dinjer), 52.58, 52.2, 52.0 (epimer),
51.7 (epimer), 51.6, 42.4 (epimer), 42.2, 32.593&pimer), 31.8, 31.5, 31.3 (epimer),

27.4 (epimer), 27.3, 26.1 (epimer), 26.0, 24.7262424.5, 24.4, 19.69, 19.66 ppm.

O = O
HoN O/-\)J\N/g’}\
H S OBn

OH
OH

(R)-((R)-4-((S)-1-(Benzyloxy)-2-oxoazepan-3-ylamino)-4-oxobutan-¢) 2-
amino-7,8-dihydroxyoctanoate (4.63). Compound4.63 was prepared following the
same procedure used 53 Compoundt.58(0.254 g, 0.401 mmol) provideti63 as
an off-white foam (125 mg, 63% yield}H NMR (300 MHz, CDCJ) & 7.40 — 7.33 (m,
5H), 7.15 (dJ = 6.6 Hz, 1H), 5.27 (m, 1H), 4.95 @@= 10.2 Hz, 1H), 4.85 (d] = 10.2
Hz, 1H), 4.43 (ddJ = 10.2, 6.3 Hz, 1H), 3.64 — 3.33 (m, 6H), 2.89 @Hl), 2.58 — 2.43
(m, 2H), 1.93 — 1.83 (m, 2H), 1.74 — 1.21 (m, 1%ign. °C NMR (75 MHz, CDC)) &
174.9, 170.07, 170.00 (epimer), 168.5, 134.8, 12928.8, 128.5, 76.7, 71.8, 71.7
(epimer), 68.64 (epimer), 68.56, 66.5, 54.1 (ep)me4.0, 52.6, 51.6, 42.5, 34.1, 32.7,

31.3, 27.4, 26.0, 25.3, 25.0, 19.8 ppm.
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OH
OH

(R)-((R)-4-((S)-1-(Benzyloxy)-2-oxoazepan-3-ylamino)-4-oxobutan-g)  7,8-
dihydroxy-2-((S)-2-(2-hydroxyphenyl)-4,5-dihydrooxazole-4-carboxanao)octanoate
(4.64). Compound4.64 was prepared following the same procedure usedfod
Oxazoline2.62 (55.8 mg, 0.269 mmol), EDCHCI (67.0 mg, 0.350 nimeHOBt (41.2
mg, 0.305 mmol), and.63 (0.125 g, 0.253 mmol) provided an oil. Chromaagmdry
through 20 g of silica using a solvent gradientrfrdt00% EtOAc to 95% EtOAc/MeOH
yielded4.64 as a white solid (94.4 mg, 55% vyield). Rf = 0(25L EtOAc/MeOH — UV
lamp, CAM stain).*H NMR (500 MHz, CDC}) & 7.65 (dd,J = 7.5, 1.0 Hz, 1H), 7.40 —
7.32 (m, 6H), 7.13 (m, 2H), 6.99 (d= 8.5 Hz, 1H), 6.87 (t) = 7.5 Hz, 1H), 5.31 (m,
1H), 5.25 (m, 1H epimer), 4.96 — 4.90 (m, 2H), 4-86.83 (m, 1H), 4.63 — 4.58 (m, 2H),
4.55 — 451 (m, 1H), 4.47 — 4.40 (m, 1H), 3.63573dm, 2H), 3.52 (dd] = 11.0, 3.0 Hz,
1H), 3.47 — 3.34 (m, 1H), 3.40 — 3.36 (M, 1H epin@33 (ddJ = 11, 7.5 Hz, 1H), 2.57
(dd,J = 15.0, 7.5 Hz, 1H), 2.49 (dd,= 15.0, 5.0 Hz, 1H), 2.40 (dd,= 15.0, 5.0 Hz, 1H
epimer), 1.93 — 1.80 (m, 3H), 1.73 — 1.61 (m, 3H47 — 1.26 (m, 11H) ppn->C NMR
(125 MHz, CDC}) & 170.9, 170.7 (epimer), 170.5 (epimer), 170.2, AZ0.170.0
(epimer), 168.4, 168.3 (epimer), 167.8 (epimer){.26159.54 (epimer), 159.50, 134.8,
134.7 (epimer), 134.2 (epimer), 134.1, 129.5 (epm&29.4, 128.9 (epimer), 128.8,

128.5, 128.4 (epimer), 119.0, 116.8, 109.9, 76197,771.6 (epimer), 69.4, 69.3, 67.9,
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67.8 (epimer), 66.65 (epimer), 66.61, 52.6, 521.6542.3, 32.5 (epimer), 32.4, 31.7,

31.3, 27.4, 27.3 (epimer), 26.03, 26.00 (epimes)D224.7, 19.6 ppm.

o L 9 = 0

N\ B

N N O/\)J\N N
OH o H OH

0
""OH
OH

(9)-((R)-4-((S)-1-Hydroxy-2-oxoazepan-3-ylamino)-4-oxobutan-2-yl) 7,8-
dihydroxy-2-((S)-2-(2-hydroxyphenyl)-4,5-dihydrooxazole-4-carboxanao)octanoate
(4.65). Compoundt.65was prepared following the same proceduretf66 Compound
4.62(12.0 mg, 0.018 mmol) was subjected to hydrogemslysing 10 wt% Pd/C (6 mg)
for 20 min. Trituration with acetonitrile yieldetl65 as a white solid (3 mg, 30%)-H
NMR (500 MHz, §-DMSO, 30 °C)3 8.62 (m, 1H), 8.02 (d] = 7.0 Hz, 1H), 7.60 (d] =
8.0 Hz, 1H), 7.38 (m, 1H), 6.91 — 6.78 (m, 2H),®B(kextet = 6.5 Hz, 1H), 4.96 (m,
1H), 4.58 (m, 1H), 4.43 (dd, = 9.5, 7.5 Hz, 2H), 4.19 (m, 1H), 3.84 (dds 16.0, 11.5
Hz, 1H), 3.48 (m, 1H), 3.38 (m, 1H), 3.30 — 3.20, @h), 2.51 (m, 1H), 2.39 (dd, =
14.5, 6.0 Hz, 1H), 1.82 (m, 1H), 1.72 — 1.58 (m),3H46 — 1.34 (m, 3H), 1.46 — 1.18
(m, 10H) ppm. HRMS (FABM/z [M+H]" calcd for GgHiiN4O10', 593.2823; obsd,

593.2801.
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(R)-((R)-4-((S)-1-Hydroxy-2-oxoazepan-3-ylamino)-&xobutan-2-yl) 7,8-
dihydroxy-2-((S)-2-(2-hydroxyphenyl)-4,5-dihydrooxaole-4-carboxamido)octanoate
(4.66). Compoundt.66was prepared following the same proceduretf66 Compound
4.64(47.0 mg, 0.069 mmol) was subjected to hydrogesislysing 10 wt% Pd/C (18 mg)
for 20 min. Trituration with acetonitrile yielded66as a white solid (13 mg, 32% yield).
'H NMR (500 MHz, §-DMSO, 30 °C)5 8.67 (br, 1H), 8.02 (d] = 7.5 Hz, 1H epimer),
7.98 (d,J = 7.0 Hz, 1H), 7.59 (dJ = 8.0 Hz, 1H), 7.40 (m, 1H), 6.92 (m, 1H), 6.83 (m
1H), 5.11 (qJ = 6.5 Hz, 1H), 4.98 (dd] = 9.5, 7.5 Hz, 1H), 4.60 (§,= 9 Hz, 1H), 4.49
— 4.41 (m, 2H), 4.20 (m, 1H), 3.84 (dbi= 16.0, 11.5 Hz, 1H), 3.46 (dd= 15.5, 5.0 Hz,
1H), 3.28 — 3.19 (m, 3H), 2.51 (m, 1H), 2.40 (d& 14.5, 6.5 Hz, 1H), 1.83 — 1.58 (m,
6H), 1.46 — 1.16 (m, 11H) ppm-C NMR (125 MHz, § DMSO, 30 °C)5 170.9, 170.8
(epimer), 169.8, 168.6, 168.5 (epimer), 167.9, 4Gépimer), 165.75, 165.69 (epimer),
133.7, 128.0, 118.2 (br), 116.8 (br), 109.9 (bf),97 68.9, 68.7, 67.1, 65.9, 52.3, 52.2
(epimer), 50.7, 41.3, 41.2 (epimer), 33.0, 30.733@pimer), 30.1, 26.8, 25.4 (epimer),
25.3, 24.72 (epimer), 24.66, 19.3, 19.2 (epimempHRMS (FAB)m/z[M+H]" calcd

for C28H41N4O]_o+, 593.2823; obsd, 593.2825.
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8.4 Experimental procedures for chapter 5

OH
O

©)\N/[cozlvle
H

(S)-Methyl 2-benzamido-3-hydroxypropanoate (5.20). Compound5.20 was
prepared following the same procedure for compo8idusing EDC-mediated amide
formation. Benzoic acid (3.55 g, 29.0 mm@&l)18(4.03 g, 25.9 mmol), EDC*HCI (5.57
g, 29.1 mmol), and triethylamine (3.85 mL, 27.4 nimmovided 5.20 as an oil that
solidified upon storage (3.64 g, 63% yield). mpB486 °C. *H NMR (300 MHz,
CDCl) 8 7.78 (d,J = 6.9 Hz, 2H), 7.50 — 7.28 (m, 3H), 4.81 (dt= 7.5, 3.9 Hz, 1H),
4.06 — 3.94 (m, 2H), 3.75 (s, 3H), 3.53 (br, 1HpPp'*C NMR (125 MHz, CDGJ) &

171.0, 167.8, 133.3, 131.9, 128.5, 127.1, 63.0,,52.7 ppm.

OH
O]

/©)J\N/[C02Me
H
MeO

(S)-Methyl 3-hydroxy-2-(4-methoxybenzamido)propanoatg5.21). Compound
5.21was prepared following the same procedure for cam@8.5 using EDC-mediated
amide formation. 4-Anisic acid (0.558 g, 3.67 mnd.18 (0.632 g, 4.06 mmol),
EDC<HCI (0.780 g, 4.07 mmol), and triethylamines@mL, 4.3 mmol) provide8.21as
a colorless oil (0.512 g, 55% yieldfH NMR (300 MHz, CDC}) & 7.79 (m, 2H), 7.08
(d, J=6.9 Hz, 1H), 6.90 (m, 2H), 4.84 (ti= 7.2, 3.6 Hz, 1H), 4.08 — 3.99 (m, 2H), 3.84

(s, 3H), 3.81 (s, 3H) ppm.

343



OH
(0]

H
O,N

(S)-Methyl 3-hydroxy-2-(4-nitrobenzamido)propanoate 6.22). Compound
5.22was prepared following the same procedure for cam@g8.5 using EDC-mediated
amide formation. 4-Nitrobenzoic acid (0.519 g,13rhmol),3.18(0.413 g, 3.44 mmol),
EDC-HCI (0.660 g, 3.44 mmol), and triethylamine5@mL, 3.6 mmol) provide8.22as
a light yellow solid (0.304 g, 36% vyield):H NMR (300 MHz, CDCY) & 8.29 (m, 2H),
7.99 (m, 2H), 7.22 (d] = 7.2 Hz, 1H), 4.88 (td] = 7.0, 3.4 Hz, 1H), 4.14 (dd,= 11.4,

3.6 Hz, 1H), 4.05 (dd] = 11.4, 3.6 Hz, 1H), 3.84 (s, 3H), 2.40 (br, 1ig)p

O

©)LNJ\COZMe
H

Methyl 2-benzamidoacrylate (5.23). Compound5.20 (1.206 g, 5.403 mmol)
was dissolved in 50 mL of dry GBI, in a flame-dried 100-mL round-bottomed flask
under Ar. EDCeHCI (1.238 g, 6.458 mmol) was addedhe solution in one portion
followed by CuCl (160.7 mg, 1.623 mmol). The réaciwas wrapped in foil and stirred
under Ar at rt. After 2 h, TLC of the reaction {Jhexanes/EtOAc - UV lamp) indicated
5.20 had been completely consumed and a new, less pofapound was observed.
After 3 h, HO (100 mL) was added to the reaction and the layere separated. The
agueous layer was extracted with £ (2 x 20 mL) and the combined GEl, layers
were washed with $#D (100 mL), dried over MgSQfiltered, and concentrated to yield a
yellow oil. The oil was purified through a plug0(g) of silica using 100% Ci€l, and

yielded 5.23 as a colorless, cloudy liquid (1.06 g, 96% yieldH4 NMR (500 MHz,
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CDCl) & 8.49 (br-s, 1H), 7.75 (dd,= 5.1, 0.9 Hz, 2H), 7.43 (m, 1H), 7.37 (m, 2HY 5.
(s, 1H), 5.90 (dJ = 0.6 Hz, 1H), 3.76 (s, 3H) ppm*C NMR (125 MHz, CDGJ) &
165.3, 164.3, 133.9, 131.7, 130.8, 128.4, 126.8,5,062.7 ppm. HRMS (FABjn/z

[M+H] " calcd for GiH12NO3", 206.0817; obsd, 206.0818.

o]

©)LNJ\COZBn
H

Benzyl 2-benzamidoacrylate (5.24). Compound5.24 was prepared following
the same procedure f6r23 Compound.9(1.51 g, 5.03 mmol), EDC+HCI (1.17 g, 6.12
mmol), and CuCl (0.150 g, 1.51 mmol) provided an @hromatography through silica
using 100% CHBLCl, yielded5.24 as a white solid (1.45 g, 99% vyield). mp = 51°&2
'H NMR (500 MHz, CDC}) & 8.56 (br-s, 1H), 7.84 (dd, = 7.0, 1.5 Hz, 2H), 7.55 (m,
1H), 7.47 (m, 2H), 7.41 — 7.36 (m, 5H), 6.82 (s)16106 (m, 1H), 5.32 (s, 2H) ppm°C
NMR (125 MHz, CDC}) 6 165.7, 164.2, 135.0, 134.2, 132.0, 131.0, 1288,7], 128.6,
128.2, 126.9, 109.1, 67.9 ppm. HRMS (FAB)z [M+H]" calcd for G/H:gNOs,

282.1130; obsd, 282.1140.

O

/©)LNJ\COZ|V|9
H
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Methyl 2-(4-methoxybenzamido)acrylate (5.25).Compounds.25was prepared
following the same procedure f6r23 Compound.21(0.495 g, 1.95 mmol), EDCeHCI
(0.448 g, 2.33 mmol), and CuCl (59.7 mg, 0.603 nmmplovided an oil.
Chromatography through silica using 100%,CH yielded5.25as a white solid (0.426
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g, 93% yield). mp = 47.0-47.5 °C. Rf=0.47 (heixanes/EtOAc — UV lamp)H NMR
(300 MHz, CDC}) & 8.44 (br, 1H), 7.77 (m, 2H), 6.93 (m, 2H), 6.731s!), 5.93 (d,J =
1.2 Hz, 1H), 3.86 (s, 3H), 3.83 (s, 3H) ppMC NMR (75 MHz, CDCY) & 165.2, 164.8,
162.6, 131.0, 128.8, 126.4, 113.9, 108.3, 55.40 4pm. HRMS (FAB)M/z [M+H]*

calcd for G,H14NO,", 236.0923: obsd, 236.0922.

O

H
O,N

Methyl 2-(4-nitrobenzamido)acrylate (5.26). Compound5.26 was prepared
following the same procedure f6r23 Compound.22(0.289 g, 1.08 mmol), EDCeHCI
(0.249 g, 1.30 mmol), CuCl (36.0 mg, 0.363 mmolpovded an oil. Chromatography
through silica using 100% GBI, yielded5.26as a white solid (0.244 g, 90% vyield). mp
= 158-159 °C. Rf = 0.45 (1:1 hexanes/EtOAc — UM *H NMR (500 MHz, CDCY)

3 8.57 (br, 1H), 8.33 (m, 2H), 8.00 (m, 2H), 6.811Hl), 6.06 (m, 1H), 3.91 (s, 3H) ppm.
3C NMR (125 MHz, CDGJ) 5 164.5, 163.6, 149.8, 139.6, 130.6, 128.2, 12410,0,

53.3 ppm. HRMS (FABI/z[M+H]" calcd for G;H11N>Os', 251.0668; obsd, 251.0670.

OH
(0]

H
O-5N

2
(S)-Benzyl 3-hydroxy-2-(4-nitrobenzamido)propanoate %.27). Compound
5.27 was prepared following the same procedure3drusing acid chloride-mediated

amide formation. p-nitrobenzoic acid (1.01 g, 6.06 mmol), oxalyl aidie (1.10 mL,
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12.6 mmol), and catalytic DMF provided the acidochile intermediate as a yellow semi-
solid. 3.4(1.42 g, 6.12 mmol) and diisopropylethylamine riiL, 15.5 mmol) yielded
a peach-colored solid. Chromatography throughd 59 silica using a solvent gradient
from 90% CHCI,/EtOAc to 60% CHCI,/EtOAc yielded5.27 as a light yellow solid
(2.40 g, 67% yield). mp =129.5-130.0 °C. Rf #9(1:1 hexanes/EtOAc - UV lamp).
H NMR (500 MHz, CDCY) 3 8.29 (d,J = 8.5 Hz, 2H), 7.99 (d] = 9.0 Hz, 2H), 7.37 (m,
5H), 7.16 (dJ = 6.5 Hz, 1H), 5.29 (d] = 12.0 Hz, 1H), 5.25 (d] = 12.0 Hz, 1H), 4.92
(dt,J = 7.5, 3.5 Hz, 1H), 4.16 (dd,= 11.5, 3.5 Hz, 1H), 2.18 (br, 1H) ppmC NMR
(125 MHz, CDC}) 6 170.1, 165.5, 139.1, 134.9, 128.7, 128.4, 1283,9, 67.9, 63.2,

55.3 ppm. HRMS (FABn/z[M+H]" calcd for G;H17N-Os", 345.1087; obsd, 345.1111.

O

H
O,N

Benzyl 2-(4-nitrobenzamido)acrylate (5.28). Compound5.28 was prepared
following the same procedure f6r23 Compound.27(0.945 g, 2.75 mmol), EDCeHCI
(0.585 g, 3.05 mmol), and CuCl (83.9 mg, 0.847 nmmplovided an oil.
Chromatography through silica using 100%,CH yielded5.28 as a white solid (0.869
g, 97% yield). mp = 144-145 °C*H NMR (300 MHz, CDCY)) & 8.59 (br-s, 1H), 8.31
(dt, J = 9.0, 2.1 Hz, 2H), 7.98 (m, 2H), 7.40 (m, 5HB®(s, 1H), 6.12 (d) = 1.2 Hz,
1H), 5.32 (s, 2H) ppm**C NMR (75 MHz, CDCJ) 5 163.9, 163.5, 149.8, 139.6, 134.8,
130.7, 128.7, 128.2, 128.1, 124.0, 110.2, 68.1 ppiRMS (FAB)m/z[M+H]" calcd for

C17H1sN20s", 327.0981; obsd, 327.0984.
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General procedure for one-pot preparation of 2-amidacrylates from benzoic
acid and serine esters. Acrylate 5.24 Anhydrous CHCI, (50 mL) was added t8.4
(2.01 g, 4.37 mmol) and benzoic acid (0.542 g, 4@#ol) in a flame-dried single-
necked 200-mL round-bottomed flask under Ar. Trymine (0.65 mL, 4.6 mmol) was
added, followed by EDC<HCI (1.83 g, 9.55 mmol). eTimixture was stirred at rt under
Ar. After 1 h, the reaction was progressing by T{(AC1 hexanes/EtOAc - UV lamp,
ninhydrin stain). After 2.5 h, CuCl (0.137 g, 1.88nol) was added and the color of the
solution turned light blue/green in color. Afteth4there was no change in the reaction
by TLC and more EDC<HCI (0.9 g, 4.7 mmol, ~1 equigs added. After about 10 h,
the reaction color had changed to dark greenidblyebut was still incomplete by TLC.
More CuCl (about 0.1 g, ~1 mmol, 22 mol%) was adaiedl the solution was stirred at rt.
The color of the reaction changed to orange anddaetion was complete. The reaction
was diluted with CECl, (50 mL) and HO (100 mL) was added. The mixture was
diluted with brine (100 mL) and EtOAc (~400 mL). éllayers were separated and the
organic layer was washed with brine (2 x 50 mL)edlrover NaSQ,, filtered, and
concentrated to yield a yellow oil. The oil wasahatographed through an Analogix SF
25-40q silica column using 100% @El, and yielded.24as a white solid (0.945 g, 77%

yield).

MeIOH
HN™ YCO,Me
Ph” 0

(2S,3R)-Methyl 2-benzamido-3-hydroxybutanoate (5.30).Compound.30was

prepared following the same procedure for compo8idusing EDC-mediated amide
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formation. Benzoic acid (2.39 g, 19.6 mmd&)29(2.97 g, 17.5 mmol), EDC-HCI (4.03
g, 21.0 mmol), and triethylamine (2.65 mL, 18.9 nimarovided a yellow oil that
solidified upon standing. Chromatography throughAmalogix F40M column using a
solvent gradient from 90% to 60% @El,/EtOAc yielded5.30as a white solid (2.61 g,
63% yield). mp = 95-96 °C. Rf = 0.5 (1:1 hexaB¢&/Ac — UV lamp). *H NMR (500
MHz, CDCh) & 7.82 (d,J = 7.5 Hz, 2H), 7.48 (m, 1H), 7.39 {t= 7.5 Hz, 2H), 7.13 (d]
= 9.0 Hz, 1H), 4.78 (dd] = 9.0, 2.5 Hz, 1H), 4.42 (qd,= 6.5, 2.5 Hz, 1H), 3.74 (s, 3H),
3.17 (br, 1H), 1.24 (dJ = 6.5 Hz, 3H) ppm.**C NMR (125 MHz, CDGJ) 5 171.5,

168.0, 133.5, 131.9, 128.5, 127.2, 68.0, 57.7,,32208) ppm.

2 A

Ph™ "N~ “CO,Me
H

Methyl 2-benzamidobut-2-enoate (5.31). Compound 5.31 was prepared
following the same procedure f8r23 Compound.30(1.21 g, 5.08 mmol), EDC<HCI
(2.18 g, 6.23 mmol), and CuClI (0.150 g, 1.52 mnwére stirred at rt for 2 h and
concentrated. The mixture was chromatographedigir@®d0 g of silica using a solvent
gradient from 100% C}€l, to 80% CHCI,/EtOAc and yielded.31as a pale yellow oil
that solidified upon storage (1.07 g, 97% yiel®#)31 was isolated as a 29:1 mixture of
Z:E isomers based on NMR data. mp = 66-68 *H.NMR (500 MHz, CDC}) & 8.22
(br, 1H, E isomer), 7.86 (m, 2HZ isomer), 7.79 (m, 2HE isomer), 7.65 (br, 1HZ
isomer), 7.52 (tJ = 7.5 Hz, 1H), 7.44 (m, 2H), 7.37 (4= 8.0 Hz, 1HE isomer), 6.88
(q,J =7 Hz, 1H,Z isomer), 3.86 (s, 3H; isomer), 3.76 (s, 3H isomer), 2.12 (dJ =

7.5 Hz, 3H,E isomer), 1.83 (dJ = 7.0 Hz, 3H,Z isomer) ppm. **C NMR (125 MHz,
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CDCly) & 165.4 E), 165.1 ), 133.85 ), 133.77 ¥), 131.9 @), 131.7 E), 128.6 D),
127.4 ), 126.8 ), 126.0 E), 52.4, 15.02), 14.1 ) ppm. HRMS (FAB)M/z[M+H]*

calcd for G,H14JNO5", 220.0974: obsd, 220.0975.

OH

0.0
/@(\\é/‘”/[cozm
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(S)-Methyl  3-hydroxy-2-(4-methylphenylsulfonamido)propanoate  (5.32).
Compound3.18(2.107 g, 13.54 mmolp-toluenesulfonyl chloride (2.87 g, 15.1 mmol),
and anhydrous Ci€l, (100 mL) were added to a flame-dried single-neckRe@-mL
round-bottomed flask under ArN,N-Diisopropyl-N-ethylamine (5.50 mL, 31.6 mmol)
was added and the solid material dissolved. Theltant solution was stirred at rt under
Ar overnight. After 22 h, the reaction was anatyby TLC (1:1 hexanes/EtOAc and 9:1
CH2CI2/EtOAc - UV lamp) and one new polar spot whserved (along with unreacted
TsCI). The light yellow solution was concentratgdrotary evaporation and the resultant
residue was partitioned between EtOAc (100 mL) ldgd (100 mL). The aqueous layer
was extracted with EtOAc (2 x 50 mL) and the corehbirorganic layers were washed
with saturated NaHC£(2 x 50 mL), HO (50 mL), 1M HCI (2 x 50 mL), D (50 mL),
and brine (2 x 50 mL), dried over p&O,, filtered, and concentrated to yield an orange
oil. The oil solidified upon standing. The crutiaterial was chromatographed through a
Biotage 40S column using a solvent gradient frofa%GHCI, to 50% CHCI,/EtOAC
and yieldeds5.32 as a white solid (3.04 g, 82% vyield). mp = 89%@0 Rf = 0.11 (1:1
hexanes/EtOAc — UV lamp)*H NMR (500 MHz, CDCJ) & 7.75 (d,J = 8.0 Hz, 2H),

7.31 (d,J = 8.0 Hz, 2H), 5.85 (d] = 8.0 Hz, 1H), 4.01 (df] = 8.0, 3.5 Hz, 1H), 3.89 (m,
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2H), 3.61 (s, 3H), 2.61 (br, 1H), 2.42 (s, 3H) ppRC NMR (125 MHz, CDGJ) & 170.1,
143.9, 136.4, 129.7, 127.2, 63.6, 57.6, 52.9, ppri. HRMS (FAB)m/z[M+H]" calcd

for C11H16NOsS', 274.0749; obsd, 274.0725.

/©/\\S//\H co,Me
Me

Methyl 2-(4-methylphenylsulfonamido)acrylate (5.33) Compound5.33 was
prepared following the same procedure 323 Compounds.32(1.01 g, 3.71 mmol),
EDC<HCI (0.826 g, 4.31 mmol), and CuCl (0.120 @l1lmmol) were stirred at rt for 1 h,
concentrated, and chromatographed through a Bict@&ecolumn using 100% Gal,
and yieldeds.33 as a free-flowing yellow solid (0.924 g, 98% yieldnp = 99-100 °C.
Rf = 0.45 (1:1 hexanes/EtOAc — UV lampjH NMR (500 MHz, CDCY) 5 7.75 (d,J =
8.0 Hz, 2H), 7.30 (dJ = 8.5 Hz, 2H), 5.67 (m, 1H), 5.64 (m, 1H), 3.7638l), 2.42 (s,
3H) ppm. *C NMR (125 MHz, CDGJ) & 163.6, 144.3, 135.3, 130.8, 129.7, 127.5,
106.8, 53.2, 21.5 ppm. HRMS (FAB)/z [M+H]* calcd for GiH1sNOS', 256.0644;

obsd, 256.0668.

T

Me” "N~ “CO,Me
H

Methyl 2-acetamidoacrylate (5.34). To a flame-dried 50-mL round-bottomed
flask containing3.18 (2.021 g, 12.99 mmol) under Ar was added 15 mlamfydrous
triethylamine. The mixture was stirred at RT fd fnin, then cooled in a crushed

ice/H,O bath. Acetic anhydride (3.00 mL, 32.0 mmol) veakled slowly the reaction
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under Ar. The mixture was stirred in the icglHbath for 15 min, then stirred at rt. After
stirring 1 h, the reaction color changed from ate/imixture to a yellow mixture. After 4
days, the brown mixture was partitioned betwee® K100 mL) and EtOAc (50 mL).
The layers were separated and the aqueous layesgxtrasted with EtOAc (2 x 50 mL).
The combined organic layers were washed with 1M @3{ 50 mL), HO (50 mL), and
brine (50 mL), dried over MgSQfiltered, and concentrated to yield an orangg-€0l.8

g crude material). The oil solidified upon storaaelO °C. The crude material was
purified through 100 g of silica gel using a solvgradient from 100% C¥Tl, to 90%
CH.CI,/EtOAc and yielded.34 as a yellow oil that solidified upon standing @L6g,
37% vyield). mp = 49-50 °C. Rf=0.30 (1:1 hexdB&3Ac — UV lamp). *H NMR (300
MHz, CDCh) & 7.76 (br, 1H), 6.54 (s, 1H), 5.82 @= 1.5 Hz, 1H), 3.80 (s, 3H), 2.09 (s,
3H) ppm. *C NMR (75 MHz, CDC}) 5 168.8, 164.4, 130.8, 108.6, 52.8, 24.5 ppm.

HRMS (FAB)m/z[M+H]" calcd for GH1oNOs", 144.0661; obsd, 144.0650.

(0]

L
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Methyl 2-formamidoacrylate (5.35). Methyl formate (30 mL) was added to
3.18(1.516 g, 9.744 mmol) and potassium carbonat®®®g} 39.10 mmol) in a single-
necked 100-mL round-bottomed flask. One drop w@thylamine was added and the
mixture was stirred at rt overnight. After 28 hgetsolid material was removed by
filtration and washed with small portions of methgimate (20 mL). The colorless
filtrate was concentrated to yield a light yellow. o The oil was chromatographed

through a short column of silica (~35 g) using 5084dnes/EtOAc and yieldéid35as a
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colorless oil that solidified upon standing to aitelsolid (0.88 g, 70% yield). Isolated as
a mixture of rotamers (88:1f2anscis). mp = 55-57 °C (lit. 56.9-57.2 °C). Rf = 0.29
(1:1 hexanes/EtOAc — UV lampYH NMR (500 MHz, CDCJ) & 8.53 (m, 1Hgis), 8.39
(s, 1H,trans), 8.06 (br, 1Htrans), 7.76 (br, 1Hcis), 6.60 (s, 1Htrans), 5.92 (s, 1H,
trans), 5.67 (s, 1Hcis), 5.42 (s, 1Hgis), 3.81 (s, 3Htrans/ci§ ppm. *C NMR (125
MHz, CDCk) 6 164.1, 161.1, 159.6, 131.8, 130.1, 110.3, 10468,%2.9 ppm. HRMS

(FAB) m/z[M+H] " calcd for GHgNOs", 130.0504; obsd, 130.0527.

©/\N3

General procedure for the preparation of alkyl azices. Benzyl azide (5.36a).
CAUTION: Azides may be explosive and shock sensitimd should be handled with
care. A blast shield was used for every reacti@t involved the use or preparation of
azides. 75 mL of DMSO was added to sodium azid¢5(8, 37.7 mmol) in a 250-mL
single-necked round-bottomed flask under Ar. Th&tune was stirred at rt until the
sodium azide dissolved. Benzyl bromide (4.00 m&,63mmol) was added and the
solution was stirred at rt under Ar for 4 h. 100 of H,O was added slowly to quench
the reaction (exothermic), the resultant cloudy tomx was allowed to warm to rt (30
min), then poured into 100 mL of,8. The mixture was extracted with,@t(3 x 100
mL), and the combined gD layers were washed with brine, dried over MgSiered,
and concentrated by rotary evaporation (30 °C, 2fh Hig) and yieldedc.36a as a
colorless oil (4.604 g, 99.9% vyield). Stored atCGtuntil ready to use.*H NMR (500

MHz, CDCk) & 7.46 — 7.36 (m, 5H), 4.37 (s, 2H) ppr'C NMR (125 MHz, CDCJ) &
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135.2, 128.7, 128.13, 128.06, 54.6 ppm. FT-IRMil3066, 3033, 2931, 2097 {\

1496, 1456, 1256, 1203, 1078, 1029tm

(Z\Ns

1-Azidooctane (5.36b). Compound.36bwas prepared according to the general
procedure for alkyl azides. 1-bromooctane (0.32 in@ mmol) and sodium azide (0.112
g, 2.0 mmol) were stirred in DMSO at rt for 4 h andlded5.36b as a pale yellow oil
(0.251 g, 88% yield).'H NMR (300 MHz, CDC}) & 3.25 (t,J = 6.9 Hz, 2H), 1.60 (m,
2H), 1.32 — 1.27 (m, 10H), 0.88 (t= 6.9 Hz, 3H) ppm. FT-IR (film) 2929 (CH), 2858

(CH), 2096 (N), 1467 (CH bend), 1378 (CH bend), 1349, 126§) @i".

D

Azidocyclopentane (5.36¢). Compound5.36¢c was prepared according to the
general procedure for alkyl azides. Bromocyclogeat (1.00 mL, 9.14 mmol) and
sodium azide (0.658 g, 10.1 mmol) were stirred M3D for 25 h and yieldeB.36cas a
pale yellow liquid (0.738 g, 73% yield)'H NMR (500 MHz, CDCJ) & 3.92 (m, 1H),

1.83 — 1.71 (m, 2H), 1.71 — 1.69 (m, 4H), 1.61591(m, 2H) ppm.

4-Methylbenzenesulfonyl azide (5.37). To a 500-mL round-bottomed flask

cooled in an ice/kD bath was addegttoluenesulfonyl chloride (8.00 g, 42.0 mmol) and
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240 mL of 1:1 acetoneHd®d. The resultant suspension was stirred vigoroaslgodium
azide (2.767 g, 42.6 mmol) was added in one porterhe reaction. The cloudy
suspension was stirred vigorously for 6 h, allowihg reaction to slowly reach rt as the
ice/H,O bath melted. Most of the acetone was removediayy evaporation (~40°C, 21
mm Hg) to yield a light yellow oil beneath the aqus layer. EO (~100 mL) was
added and the layers were separated. The aquagerswas extracted with £ (2 x
100 mL), and the combined ether layers were driedr dVigSQ, filtered, and
concentrated by rotary evaporation (~30°C, 21 mm &ig) yielded5.37 as a colorless
liquid that solidified upon storage at -10 °C (7£:992% vyield). *H NMR (300 MHz,
CDCl;) 5 7.84 (d,J = 8.4 Hz, 2H), 7.40 (d] = 8.1 Hz, 2H), 2.48 (s, 3H) ppnt’C NMR
(75 MHz, CDC¥§) 6 146.2, 135.5, 130.3, 127.5, 21.8 ppm. FT-IR (fiz860, 2128 (M),

1596, 1372, 1121, 1168, 1086, 814, 748, 665.cm

"

Phenyl azide (5.38a). Preparation using NaNQyYHCI. 75 mL of HO and
concentrated HCI (14.0 mL, 169 mmol) were addedat600-mL 3-necked round-
bottomed flask equipped with a thermometer and-enlL@&ddition funnel. The flask was
cooled in a ice/NaCl/tD bath to an internal temperature of about -5 °C.
Phenylhydrazine (7.6 mL, 77.2 mmol) was added &dblution dropwise over 5 min.
Phenylhydrazine-HCI precipitated out of the mixta® a fine white solid. 25 mL of
Et,O was added and the mixture was stirred vigoroaslg solution of NaN£X6.254 g,
90.64 mmol) in 7.5 mL of kO was added to the solution dropwise over abounizb

During this time, the internal temperature of teaation was maintained below 5 °C.
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The white flakes of Phenylhydrazine-HCI had disediin the reaction and the mixture
had turned a bright yellow color. After stirringrf10 min, the mixture was subjected to
steam distillation until about 100 mL of distillateere collected. During the distillation,
the mixture turned from yellow to brick red in cnloAn appreciable amount of tar was
also formed. The orange ether layer of the dadéliwas removed and the aqueous layer
was extracted with ED (2 x 20 mL). The combined & layers were dried over MgQ0
and filtered into a 100-mL round-bottomed flask.heTEtO was removed by rotary
evaporation (RT, 21 torr) to yield an orange oilhe oil was purified by vacuum
distillation and yielded.38aas a yellow oil (1.58 g, 17% vyield). bp = 26-Z7 (1.5 mm

Hg). Isolated with impurities.

Preparation of phenyl azide from aniline. Aniline (0.50 mL, 5.48 mmol) was
suspended in 4 mL of @ and cooled in a crushed icebath. Conc. 80, (1.20
mL, 21.7 mmol) was added dropwise and aniline hghlaride precipitated out of the
solution. To this mixture was added a solutioNaNGO, (432 mg, 6.26 mmol) in 2.5 mL
of H,O dropwise. A yellow color was observed in the tmig. Hexanes (8 mL) was
added, followed by a solution of NgkB83 mg, 5.89 mmol) in 2.5 mL of,B® dropwise
to the biphasic mixture. A lot of bubbling was ebsd. The mixture was stirred
vigorously in the ice/pO bath over 3 h, allowing the ice/8 bath to melt and reach rt.
The layers were separated and the organic layerdnad over MgS@Q filtered, and
concentrated by rotary evaporation (30 °C, 21 mm &gl yieldedb.38aas a yellow oll
(465 mg, 71% vyield). A blast sheild was used whencentrating the azide as a

precautionary measuréH NMR (500 MHz, CDC})  7.36 (m, 2H), 7.14 (m, 1H), 7.03
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(m, 2H) ppm. *C NMR (125 MHz, CDGJ) & 140.0, 129.7, 124.9, 119.0 ppm. FT-IR

(film) 2130, 2096, 1594, 1493, 1296, 749'tm

o
MeO

1-Azido-4-methoxybenzene (5.38b) Compound5.38b was prepared following
the same procedure fd5.38a from aniline. p-anisidine (0.662 g, 5.38 mmol),
concentrated b80, (1.20 mL, 21.7 mmol), NaN£(0.434 g, 6.29 mmol), and sodium
azide (0.375 g, 5.77 mmol) yieldéd38bas a brown oil (0.343 g, 44% yieldjH NMR
(500 MHz, CDC}) & 6.96 (m, 2H), 6.89 (m, 2H), 3.80 (s, 3H) ppm’C NMR (125
MHz, CDCk) 6 156.9, 132.3, 119.9, 115.1, 55.5 ppm. FT-IR (fi2955, 2837, 2105,

1505, 1465, 1286, 1246, 1182, 1035, 825, 628.cm

Bn\
N
O,
N

General procedure for the preparation of imidazolefrom 2-amidoacrylates

CO,Me

and azides. Methyl 1-benzyl-2-phenyl-1H-imidazold-carboxylate (5.40a).
Compounds5.23(116.2 mg, 0.5663 mmol) and benzyl azide (0.11 h87 mmol) were
dissolved in 5 mL of toluene in a sealed tubedittéth a stir bar. The tube was heated
in an oil bath maintained at 190 °C overnight. eAfl h, the colorless solution turned
yellow in color and gradually the color became bmowAfter 24 h, the reaction was
cooled to rt and concentrated. The crude browwad purified through 25 g of silica gel

using a solvent gradient from 100% &H, to 80% CHCI/EtOAc and yielded pure
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5.41a(see below) (26.5 mg, 15.1% yield), pi&rdOaas an amber oil (84.1 mg, 50.8%
yield), and a mixture 05.41laand5.40a(26.1 mg). Total yield 0b.40aisolated as an
amber oil was 90.1 mg (54% yieldb.40awas recrystallized from EtOAc/hexanes to
produce light yellow crystals suitable for x-rayffidiction. Rf = 0.14 (1:1
hexanes/EtOAc — UV lamp)'H NMR (500 MHz, CDCY) & 7.69 (s, 1H), 7.60 (m, 2H),
7.44 — 7.40 (m, 3H), 7.37 — 7.32 (m, 3H), 7.09 2H), 5.23 (s, 2H), 3.90 (s, 3H) ppm.
¥C NMR (125 MHz, CDG) 6 163.0, 148.8, 135.4, 132.5, 129.2, 129.0, 12828,7],
128.2, 127.9, 126.9, 126.5, 51.3, 50.5 ppm. HRMBB) m/z [M+H]" calcd for

ClgH17N202+, 293.1290; ObSd, 293.1293.

BnHN

HN™ ~CO,Me

Ph” 0

(2)-Methyl 2-benzamido-3-(benzylamino)acrylate (5.4a Compound5.41a
was isolated as an amber oil. Total yield isolated 46.6 mg (27% vyield)5.41awas
recrystallized from 70% EtOHA® to yield colorless crystals suitable for x-ray
diffraction. Rf = 0.26 (1:1 hexanes/EtOAc — UV lam *H NMR (500 MHz, CDC}) &
8.00 (br, 1H), 7.84 (m, 2H), 7.51 (m, 1H), 7.44 @H), 7.37 — 7.26 (m, 6H), 6.50 (br,
1H), 4.42 (dJ = 6.0 Hz, 2H), 3.73 (s, 3H) ppm>C NMR (125 MHz, CDCJ) & 166.5,
164.8, 140.1, 138.5, 134.0, 131.6, 131.3, 128.28,6D, 128.6, 128.51, 128.46, 127.2,
127.1, 127.0, 126.9, 98.6, 52.5, 51.6 ppm. HRM®B}F m/z [M]" calcd for

ClgH13N203+, 310.1317; ObSd, 310.1297.
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Benzyl 1-benzyl-2-phenyl-1H-imidazole-4-carboxylate(5.40b). Compound

CO,Bn

5.40bwas prepared following the general procedure ferdynthesis of imidazoles from
acrylates and azides. Acrylade?24 (0.144 g, 0.513 mmol) and benzyl azide (0.10 mL,
0.79 mmol) were heated in toluene (5 mL) in a skalee for 24 h in a 190 °C oil bath.
Chromatography through 25 g of silica using a sahvgradient from 100% CiEl, to
90% CHCI,/EtOAC yielded purés.41b (see below)5.40b and a mixture 05.40b and
5.41bas amber oils. Total yield 640bwas 120 mg (63% yield)*H NMR (500 MHz,
CDCls) & 7.65 (s, 1H), 7.56 (m, 2H), 7.44 (m, 2H), 7.42.297(m, 9H), 7.05 (d) = 7.0
Hz, 2H), 5.36 (s, 2H), 5.18 (s, 2H) ppm°C NMR (125 MHz, CDGJ) & 162.6, 149.2,
136.1, 135.6, 132.8, 129.4, 129.3, 129.1, 129.@.4& 128.36, 128.3, 128.2, 128.0,
127.2, 126.7, 66.0, 50.7 ppm. HRMS (FABYz [M+H]"* calcd for GiH»N,O,",

369.1603; obsd, 369.1602.

BnHN
HN]\COZBn
Ph” S0
(2)-Benzyl 2-benzamido-3-(benzylamino)acrylate (5.43b Compound5.41b
was isolated as an amber oil (35 mg, 18% yiell1bwas isolated as an 8:1 mixture of
isomers as evidenced B NMR data. *H NMR (500 MHz, CDCJ) & 9.04 (br, 1H),
7.84 (d,J = 7.5 Hz, 2H), 7.79 (d] = 7.5 Hz, 2H, isomer), 7.51 (m, 1H), 7.45 — 7.86 (

13H), 6.59 (br, 1H), 5.21 (s, 2H), 4.44 (M= 6.0 Hz, 2H) ppm.*3C NMR (125 MHz,
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CDCly) & 164.9, 138.4, 136.5, 134.0, 131.6, 128.8, 1288,6, 128.53, 128.47, 128.02,
127.98, 127.5, 127.2, 127.1, 126.9, 66.1, 52.6 ppiRMS (FAB)m/z[M+]* calcd for

Ca4H22N2053", 386.1630; obsd, 386.1628.

B
N
o<1
N

Benzyl  1-benzyl-2-(4-nitrophenyl)-1H-imidazole-4-ceboxylate  (5.69b).

CO,Bn

Compound5.69b was prepared following the general procedure far signthesis of
imidazoles from acrylates and azides. Acryl8(0.166 g, 0.510 mmol) and benzyl
azide (0.117 g, 0.879 mmol) were heated in tolueGaromatography through 20 g of
silica using a solvent gradient from 100% 4 to 85% CHCI,/EtOAc provideds.70b
(see below)5.69b (123 mg), and a mixture 6{69band5.70bas amber oils. Total yield
of 5.69bwas 135 mg (64% yield)'H NMR (500 MHz, CDC}) & 8.20 (m, 2H), 7.75 (m,
2H), 7.72 (s, 1H), 7.43 (m, 2H), 7.37 — 7.26 (m)B6HO4 (m, 2H), 5.35 (s, 2H), 5.25 (s,
2H) ppm. °C NMR (125 MHz, CDGJ) & 162.1, 147.9, 146.5, 135.8, 135.2, 134.8,
133.4, 129.6, 129.1, 128.44, 128.40, 128.3, 1286,3, 123.6, 66.2, 51.0 ppm. HRMS

(FAB) m/z[M+H]" calcd for G4H20N30;4", 414.1454; obsd, 414.1460.

BnHN j\
|
HN™ ~CO,Bn
o
O,N
(2)-Benzyl 3-(benzylamino)-2-(4-nitrobenzamido)acriate (5.70Db).

Compound5.70bwas isolated as an amber oil with impurities (184, 8% vyield). *H
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NMR (500 MHz, CDCJ) & 8.29 (m, 2H), 8.12 (br, 1H), 7.99 (m, 2H), 7.44.27 (m,
10H), 6.51 (br, 1H), 5.21 (s, 2H), 4.46 (= 6.0 Hz, 2H) ppm.*3C NMR (125 MHz,
CDCl3) 6 162.5, 149.6, 139.5, 138.1, 136.3, 128.8, 12828.4, 128.2, 128.1, 127.7,
127.1, 123.9, 66.4, 52.8 ppm. HRMS (FAB)z[M-]" calcd for G4H,1N:Os", 431.1481;

obsd, 431.1465.

Bn

Me%\\N]\

N™ “co,Me

Methyl 1-benzyl-2-methyl-1H-imidazole-4-carboxylate (5.73). Compound
5.73was prepared following the general procedure ferdinthesis of imidazoles from
acrylates and azides. Acryla®e34 (0.100 g, 0.701 mmol) and benzyl azide (0.122 g,
0.916 mmol) were heated in toluene (6 mL) in aeskalibe for 15 h in a 190 °C oil bath.
Chromatography through 25 g of silica using a gsalvegradient from 25%
hexanes/EtOAc to 100% EtOAc providéd’3 and5.74 Byproduct5.74 was isolated
with a large amount of impurities. Imidaz&e’3was isolated as an amber oil (120 mg,
74% yield). *H NMR (500 MHz, CDC}) & 7.50 (s, 1H), 7.31 — 7.25 (m, 3H), 7.03Jd;
6.5 Hz, 2H), 5.02 (s, 2H), 3.80 (s, 3H), 2.31 (d) Bpm. *C NMR (125 MHz, CDCJ) &
163.2, 146.1, 134.9, 131.4, 129.0, 128.2, 126.%,1151.4, 50.1, 13.0 ppm. HRMS

(FAB) m/z[M+H] " calcd for GaH1sN,0O,", 231.1134; obsd, 231.1139.

361



Bn

<

N™ “co,Me

Methyl 1-benzyl-1H-imidazole-4-carboxylate (5.75). Compound5.75 was
prepared following the general procedure for thetlsysis of imidazoles from acrylates
and azides. Acrylaté.35 (76.6 mg, 0.593 mmol) and benzyl azide (0.101 .g5®
mmol) were heated in toluene (6 mL) in a sealec tuba 190 °C oil bath for 15 h.
Chromatography through 25 g of silica using a gsaivegradient from 50%
hexanes/EtOAc to 33% hexanes/EtOAc providetb and 5.76 Byproduct5.76 was
isolated with a large amount of impurities. Imidkz5.75was isolated as an amber oill
(90.9 mg, 71% yield)*H NMR (500 MHz, CDCJ) & 7.53 (d,J = 1.0 Hz, 1H), 7.50 (d]
= 1.0 Hz, 1H), 7.33 — 7.28 (m, 3H), 7.15 (m, 2HP&(s, 2H), 3.79 (s, 3H) ppmtC
NMR (125 MHz, CDC}) 6 163.0, 137.9, 134.8, 133.7, 129.0, 128.5, 12725,2, 51.4,

51.1 ppm. HRMS (FABIM/z[M+H]" calcd for GoH13N>O,", 277.0977; obsd, 277.0983.

=\ o
.
Me/NVN\/\/

3-Butyl-1-methyl-1H-imidazol-3-ium chloride, BMIM "CI" (5.67). Freshly
distilled 1-methylimidazole (18.4 mL, 0.231 mol) svadded to a 3-necked 250-mL
round-bottomed flask fitted with a internal thermeter adapter, a condenser, under Ar.
Dry acetonitrile (12.5 mL) was added, followed bgHlorobutane (31.5 mL, 0.299 mol).
The colorless solution was heated in an oil bathtémp = 85-88 °C) to reflux (internal
temperature = 75-80 °C). After 48 h, the yellodusion was cooled to rt, transferred to

a single-necked 200-mL round-bottomed flask, ared wblume was reduced by rotary
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evaporation (55-60 °C, 21 mm Hg). The resultartktlyellow oil was stored under Ar at
rt, then dried under vacuum (~1 mm Hg) for 5 h. ®Heavas dissolved in 32 mL of dry
acetonitrile and added dropwise via cannula tanglsinecked 500-mL round-bottomed
flask containing EtOAc (125 mL) and one seed chyst®MIM chloride (obtained from
a previous preparation). The mixture is stirregovously during the addition and solid
BMIM chloride crystallized immediately upon the ddsh of the acetonitrile solution.
Once the addition was complete, the mixture wasestivigorously under Ar and cooled
in a -30 °C bath (dry ice/acetone) for 2 h. Thetore was quickly filtered while still
cold and the white solid was washed with a minia@ount of EtOAc. (NOTE: The
solid was very hygroscopic and started to turn entooil very quickly). The solid was
dried with BOs under vacuum (1 mm Hg) for 24 h. Yieldédb7 as a white solid
material (35.5 g, 88% yield). lit. 89% yieldH NMR (500 MHz, CDCJ) & 10.31 (s,
1H), 7.54 (t,J = 2 Hz, 1H), 7.37 (tJ = 2 Hz, 1H), 4.07 (s, 2H), 3.85 (s, 3H), 1.63 (m,
2H), 1.09 (septet) = 7.5 Hz, 2H), 0.67 (t) = 7.5 Hz, 3H) ppm.’3C NMR (125 MHz,

CDCly) 3 137.0, 123.3, 121.6, 49.1, 35.9, 31.6, 18.8, ppia.

=\ ,BFa
+
Me~N N~~~

3-Butyl-1-methyl-1H-imidazol-3-ium tetrafluoroborate, BMIM *BF; (5.68).
Compound5.67 (30.46 g, 174.4 mmol) was dissolved in 35 mL ofOoHn a 125-mL
erlenmayer flask with a stir bar and thermometblaBF, (20.16 g, 183.6 mmol) was
added to the solution in portions with stirring o\t® min. The NaBJjdissolved and the
solution cooled to ~15 °C during the addition. Hwodution was stirred until reaching
ambient temperature (~21 °C), then L (30 mL) was added. The layers were
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separated and the aqueous layer was extractedG#l, (20 mL). The combined
CH.ClI, layers were washed with a solution of NgBEO g in 20 mL of HO), dried over

a mixture of NaSQ, (1 g) and MgS® (3 g), filtered, and concentrated by rotary
evaporation (45 °C, 20 mm Hg). The resultant @bwdried under vacuum (~1 mm Hg)
at ambient temperature for 24 h to yiélé8as a thick, colorless/light yellow oil (36.2 g,
92% vyield). lit. 89% vyield."H NMR (300 MHz, CDCly) & 8.70 (s, 1H), 7.28 (dt] =
6.0, 1.8 Hz, 2H), 4.13 (§ = 7.2 Hz, 2H), 3.89 (s, 3H), 1.81 (m, 2H), 1.3axtet,J = 7.5

Hz, 2H), 0.91 (tJ = 7.5 Hz, 3H) ppm.

MeO

Ph%\:l

CO,Bn

Benzyl 1-(4-methoxyphenyl)-2-phenyl-1H-imidazole-&arboxylate (5.81).
Acrylate 5.24 (162.1 mg, 0.576 mmol) and azi®e38b (169.3 mg, 1.14 mmol) were
dissolved in 5 mL of nitromethane in a single-netk&-mL round-bottomed flask fitted
with a stir bar and condenser. The solution wastdteto reflux in an oil bath (oil
temperature = 115 °C). The reaction was monitbsed@LC (1.1 hexanes/EtOAc and 3:2
hexanes/EtOAC - UV lamp). The reaction color clehtp deep brown overnight, but
was incomplete. The reaction was still incomplafter 2 and 3 days at reflux. After
heating for 4 days, no starting material was olesthwy TLC and the solution was cooled
to rt and concentrated. The brown oil was chrogratohed through 25 g of silica using
a gradual solvent gradient from 100% £ to 85% CHCI,/EtOAc and yielded the
major produc6.81as an orange oil (46.3 mg, 21% yieldd NMR (500 MHz, CDCJ) &
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7.76 (s, 1H), 7.45 — 7.39 (m, 4H), 7.36 — 7.21 §ir), 7.10 (m, 2H), 6.88 (m, 2H), 5.39
(s, 2H), 3.81 (s, 3H) ppm**C NMR (125 MHz, CDG)) & 162.8, 159.6, 147.9, 136.2,
132.8, 130.4, 129.2, 128.9, 128.61, 128.57, 128128,38, 128.1, 126.9, 114.7, 66.2,

55.5 ppm. HRMS (FABI/z[M+H]" calcd for G4H2:1N>O5", 385.1552; obsd, 385.1532.

N-Tosyliminoisodosobenzene (5.82).p-Toluenesulfonamide (3.405 g, 19.89
mmol) and KOH (3.30 g, 58.8 mmol) were dissolve@ihmL of MeOH (exothermic).
The solution was cooled in a crushed ic@Hbath and became a white slurry that was
hard to stir. About 10 mL of MeOH were added te tuspension. lodobenzene
diacetate (7.505 g, 23.30 mmol) was added to thergusly stirred mixture in portions
over about 5 min, maintaining an internal reactiemperature of less than 10 °C. The
mixture turned yellow and most of the solid matedi@solved. After about 5 minutes,
white crystals were observed in the solution. iitgture was removed from the icefl
bath and stored in the refridgerator (about 5 °@roight. No solid was observed
(except for the bit that did not dissolve) in therming. The yellow solution was stirred
at rt. After 30 min, yellow solid precipitated aoitsolution. The mixture was stirred for
an additional 3 h at rt, then stored at 5 °C fdr. 4The solid was collected by filtration

and5.82was obtained as an off-white solid (3.36 g, 45%®d)i mp = 103-105 °C (dec.
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violently). 'H NMR (300 MHz, CDCJ) & 7.70 (m, 2H), 7.46 (m, 3H), 7.30 (m, 2H), 7.06

(m, 2H), 2.27 (s, 3H) ppm.

Attempted aziridination of acrylate 5.35 using imiroiodinane 5.82.
Anhydrous CHCN (10 mL) was added to a flame-dried single-neck@emL round-
bottomed flask containing.35 (0.134 g, 1.04 mmol) an8.82 (0.452 g, 1.21 mmol),
under Ar. Cu(CHCN)/,PFs (21.9 mg, 0.0588 mmol) was added to the lightoyell
suspension. The color of the mixture changed imately to a light lime-green color.
After 2 min, most of the solid had dissolved anel thixture was a mint green color. The
reaction flask was wrapped in foil and stirred tatimder Ar. After 2 h, the TLC of the
reaction (1:1 hexanes/EtOAc - UV lamp) still showedstly5.35and a two additional
(faint) more nonpolar spots. The mixture was pilacean oil bath (oil temperature 55-60
°C) and stirred under Ar. After stirring overnigimio change was observed and the oil
bath temperature was raised to ~90 °C. The reastamheated to reflux overnight. No
change by TLC. After heating for 4 days at reflaw, change was observed by TLC
except for decomposition. Minor products were obsg but mostly starting material

was left in the reaction.

Synthesis of imidazoles from oxazolines. Imidazol&.40b from oxazoline
3.10. Compound.10(143.2 mg, 0.509 mmol) and benzyl azide (118.4 889 mmol)
were dissolved in 5 mL of toluene in a 25-mL rowuattomed flask.pTsOH (24.0 mg,
0.139 mmol) was added and the solution was heateth ioil bath to reflux (oil temp

~123 °C). ThepTsOH did not seem to dissolve completely in thetiea. TLC analysis
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of the reaction mixture (1:1 hexanes/EtOAc - UV jgmndicated the reaction was
complete after 4 days of reflux. The reaction Viitered, concentrated by rotary
evaporation (40°C, 21 torr) and purified throughdl6f silica using a solvent gradient
from 100% CHCI, to 95% CHCI,/EtOAc and yielded.40b as a brown/orange oil (92

mg, 49% yield).

8.5 Experimental procedures for chapter 6

General Procedure for the Synthesis of TriazolinedJsing Method A. The
alkene (1 mmol) and azide (1.5 mmol) were combiaed stirredneatat 25 °C in a
single-necked round-bottomed flask. The progrésseoreaction was monitored by TLC
or 'H NMR for the disappearance of the alkene, andctiuele material was purified

through silica.

General Procedure for the Synthesis of TriazolinedJsing Method B. The
alkene (1 mmol) and azide (1.5 mmol) were dissolvedO0 mL of CHC} in a single-
necked round-bottomed flask and stirred at 25 “The progress of the reaction was
monitored by TLC orH NMR for the disappearance of the alkene (typjcaliweeks),

and the crude material was purified through silica.

General Procedure for the Synthesis of TriazolinedJsing Method C. The

alkene (1 mmol) and azide (1.5 mmol) were dissolvedO0 mL of CHC} in a single-
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necked round-bottomed flask fitted with a conderemt heated to reflux in an oil bath
(oil temp. = 80 °C). The progress of the reacti@s monitored by TLC oiH NMR for
the disappearance of the alkene (typically 3 daas)l the crude material was purified

through silica.

General Procedure for the Synthesis of TriazolinedJsing Method D. The
alkene (1 mmol) and azide (1.5 mmol) were dissolvedO0 mL of PhCH in a single-
necked round-bottomed flask fitted with a conderammt heated to reflux in an oil bath
(oil temp. = 125 °C). The progress of the reacti@s monitored by TLC diH NMR for
the disappearance of the alkene (typically 3-4amyg the crude material was purified

through silica.

-N Boc =N Boc
N N N N’
N o N o
H Bn H

: (+)-6.7a " (+)-6.8a

tert-Butyl (3aa,4B,73,7a0)-1-benzyl-3a,4,7,7a-tetrahydro-4,7-
methanol1,2,3]triazole[4,5-d][1,2]oxazine-6()-carboxylate (6.7a) and tert-butyl
(3a0,4B,7B,7a0)-3-benzyl-3a,4,7,7a-tetrahydro-4,7-methano[1,2,3]azole[4,5-
d][1,2]oxazine-6(3H)-carboxylate (6.8a). The title compounds were prepared following
the general procedure for the synthesis of triaesliusing Method A. Cycloaddugi38
(198 mg, 1.01 mmol) and benzyl azide (211 mg, h#&ol) were reacted for 48 h. The
brown crude material was purified through 15 g ibit® using a solvent gradient of

100% CHCI, to 98% CHCI,/EtOAc to afford triazoline.8a (159 mg, 48% vyield) as a
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white solid, then 85% C}€I,/EtOAc to afford triazoline.7a(170 mg, 51% yield) as a
white solid (99% total combined yield). AnalytiGatd x-ray crystallographic samples of
6.7aand6.8awere prepared by recrystallization from EtOAc/hee& 6.7a: mp = 104-
105 °C. Amax = 255 nm.*H NMR (500 MHz, CDC}) & 7.37—7.27 (m, 5H), 4.92 (s,
1H), 4.90 (dJ = 14.5 Hz, 1H), 4.82 (d] = 9.8 Hz, 1H), 4.72 (d] = 14.5 Hz, 1H), 4.09
(s, 1H), 3.55 (dJ = 9.8 Hz, 1H), 1.70 (dt] = 11.4, 1.5 Hz, 1H), 1.45 (d,= 11.5 Hz,
1H), 1.39 (s, 9H) ppm.*C NMR (125 MHz, CDGJ) 5 156.4, 135.6, 128.8, 128.24,
128.17, 84.6, 82.6, 79.9, 61.2, 59.3, 53.4, 32749 Dpm. HRMS (FABM/z [M+H]"
calcd for G7H2aN405", 331.1770; obsd, 331.1746.8a: mp = 100-101 °C.Amax = 255
nm. *H NMR (500 MHz, CDCY) 8 7.35-7.24 (m, 5H), 4.92 (d,= 14.7 Hz, 1H), 4.85 (s,
1H), 4.84 (dJ = 9.9 Hz, 1H), 4.61 (d] = 14.7 Hz, 1H), 4.09 (s, 1H), 3.50 (= 9.9 Hz,
1H), 1.68 (d,J = 11.5 Hz, 1H), 1.45-1.43 (m, 10H) ppr’C NMR (125 MHz, CDG)) &
156.4, 135.6, 128.8, 128.3, 128.2, 83.7, 82.7,,78165, 59.9, 53.6, 32.3, 27.9 ppm.

HRMS (FAB)m/z[M+H]" calcd for G7H2aN4Os", 331.1770; obsd, 331.1753.

N\ /N,Boc
N o]
(1)-6.7b (+)-6.8b
tert-Butyl (3aa,4B,7B,7an)-1-(1-adamantyl)-3a,4,7,7a-tetrahydro-4,7-

methano[1,2,3]triazole[4,5-d][1,2]oxazine-6()-carboxylate (6.7b) and tert-butyl
(3a0,4B,73,7a0)-3-(1-adamantyl)-3a,4,7,7a-tetrahydro-4,7-

methano[1,2,3]triazole[4,5-d][1,2]oxazine-6(3)-carboxylate (6.8b). The title
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compounds were prepared following the general phaeefor the synthesis of triazolines
using Method B. Cycloaddu&t38 (104 mg, 0.527 mmol) and l-azidoadamantane (140
mg, 0.79 mmol) were reacted for 4 weeks. The craodterial was purified through 20 g
of silica using a solvent gradient from 100% £ to 97% CHCI,/EtOAc to afford
6.8b (86 mg, 43% yield) as a white solid, then 85%,CHEtOAc to afford6.7b (102
mg, 52% vyield) as a white solid (95% total combiyezld). 6.7b: mp > 144 °C (dec.).
'H NMR (500 MHz, CDCJ) & 4.93 (s, 1H), 4.77 (dt] = 9.5, 1.5 Hz, 1H), 4.42 (s, 1H),
3.85 (d,J = 9.5 Hz, 1H), 2.14-2.07 (m, 6H), 1.84-1.81 (m,)4H72-1.65 (m, 6H), 1.47
(m, 10H) ppm. 3C NMR (125 MHz, CDGCJ) 5 156.5, 83.2, 82.7, 80.4, 63.1, 57.2, 41.7,
36.0, 32.4, 29.2, 28.1 ppm. HRMS (FARB)z[M+H]" calcd for GoH3i1N4Os", 375.2396;
obsd, 375.23756.8b: mp > 166 °C (dec.)’H NMR (500 MHz, CDC}) & 4.85 (m, 1H),
4.76 (dt,J = 10.0, 1.4 Hz, 1H), 4.49 (3,= 1.4 Hz, 1H), 3.80 (dfj = 10.0, 1.2 Hz, 1H),
2.12 (m, 2H), 2.03 (ddd),= 11.6, 4.7, 3.0 Hz, 4H), 1.77 (m, 4H), 1.70-1(62 6H), 1.47
(m, 10H) ppm. **C NMR (125 MHz, CDGJ) & 156.5, 82.782.3, 81.5, 61., 57.0, 56.7,
41.7, 36.0, 32.3, 29.2, 28.0 ppm. HRMS (FABJz [M+H]" calcd for GoHziN4Os",

375.2396; obsd, 375.2372.

(¥)-6.7c

tert-Butyl (3aa,4B,7B,7a0)-1-(n-octyl)-3a,4,7,7a-tetrahydro-4,7-

methano[1,2,3]triazole[4,5-d][1,2]oxazine-6(#)-carboxylate (6.7c) and tert-butyl
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(3a0,4B,7B3,7a0)-3-(n-octyl)-3a,4,7,7a-tetrahydro-4,7-methano[1,2,3]triaole[4,5-
d][1,2]oxazine-6(3H)-carboxylate (6.8c). The title compounds were prepared following
the general procedure for the synthesis of triaesliusing Method C. Cycloadd&:88
(199 mg, 1.01 mmol) and-octyl azide (237 mg, 1.53 mmol) were reacted fatays.
The crude material was purified through 40 g oicailusing 80% hexanes/EtOAc to
afford 6.8c (124 mg, 35% yield), mixef.7¢/6.8¢c(192 mg, 54%), an@.7c (38 mg, 11%
yield) as off-white semi-solids (99% total combingéld). 6.7c: mp = 58-59 °C.'H
NMR (500 MHz, CDC}) 8 4.97 (s, 1H), 4.87 (dl = 9.5 Hz, 1H), 4.55 (s, 1H), 3.71-3.66
(m, 2H), 3.58-3.52 (m, 1H), 1.80 (dt= 11.5, 1.5 Hz, 1H), 1.70-1.64 (m, 2H), 1.50 (m,
10H), 1.33-1.24 (m, 12H), 0.88 (t,= 7.0 Hz, 3H) ppm.**C NMR (125 MHz, CDG)) &
156.9, 84.0, 83.0, 80.2, 61.6, 60.1, 49.3, 32.4/,329.7, 29.1, 28.8, 28.1, 26.7, 22.6, 14.1
ppm. HRMS (FAB)m/z [M+H]" calcd for GgHzaN4Os3", 353.2553; obsd, 353.2525.
6.8c: mp = 49-50 °C.H NMR (500 MHz, CDC}) & 4.87 (m, 1H), 4.58 (s, 1H), 3.66-
3.61 (m, 2H), 3.52-3.47 (m, 1H), 1.80 (dt= 11.5, 1.5 Hz, 1H), 1.61-1.58 (m, 2H), 1.48
(m, 10H), 1.30-1.24 (m, 12H), 0.86 Jt= 7.0 Hz, 3H) ppm.**C NMR (125 MHz, CDCI-

3) 0 156.6, 83.0, 82.9, 80.0, 61.7, 60.1, 49.3, 32147,39.0, 28.8, 28.1, 26.6, 22.6, 14.0

ppm. HRMS (FABM/z[M+H]" calcd for GgH33N4Os', 353.2553; obsd, 353.2525.
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(¥)-6.7d (+)-6.8d

tert-Butyl (3aa,43,73,7a0)-1-cyclopentyl-3a,4,7,7a-tetrahydro-4,7-
methano[1,2,3]triazole[4,5-d][1,2]oxazine-6()-carboxylate (6.7d) and tert-butyl
(3a0,4B,7B3,7a0)-3-cyclopentyl-3a,4,7,7a-tetrahydro-4,7-methano[ 2, 3]triazole[4,5-
d][1,2]oxazine-6(3H)-carboxylate (6.8d). The title compounds were prepared following
the general procedure for the synthesis of triaesliusing Method C. Cycloadd3:88
(201 mg, 1.02 mmol) and 1-azidocyclopentane (155 8@ mmol) were reacted for 2
days. The crude material was purified through 3@ gilica using 80% hexanes/EtOAc
to afford6.8d (88 mg, 28% vyield) as a white solid, mixeédd/6.8d(194 mg, 62%) as an
off-white solid, and.7d (25 mg, 8% vyield) as a colorless oil (97% totaintoned yield).
6.7d: mp >70 °C (dec.)*H NMR (500 MHz, CDC}) 5 4.96 (s, 1H), 4.85 (dl = 9.5 Hz,
1H), 4.52 (s, 1H), 4.05 (@, = 7.0 Hz, 1H), 3.70 (d] = 9.5 Hz, 1H), 2.08-1.92 (m, 2H),
1.83-1.62 (m, 8H), 1.49 (m, 10H) ppr‘C NMR (125 MHz, CDGJ) 8 156.7, 83.7, 82.9,
80.3, 62.1, 60.9, 59.4, 32.5, 31.6, 31.1, 28.16,2%3.4 ppm. HRMS (FABN/z[M+H]*
calcd for GsH2sN4O5*, 309.1927; obsd, 309.191%.8d: mp > 120 °C (dec.)!H NMR
(500 MHz, CDC}) 5 4.84 (s, 1H), 4.81 (d] = 9.5 Hz, 1H), 4.55 (s, 1H), 3.97 (b= 7.0
Hz, 1H), 3.61 (dJ = 9.5 Hz, 1H), 2.02-1.95 (m, 1H), 1.87-1.83 (m,)1H78-1.57 (m,
7H), 1.45-1.42 (m, 10H) ppm*C NMR (125 MHz, CDGJ) & 156.5, 82.8, 82.7, 80.4,
61.6, 60.8, 59.8, 32.3, 31.5, 31.1, 28.0, 23.53 ppm. HRMS (FABM/z[M+H]" calcd
for C1sH25N403", 309.1927; obsd, 309.1913.
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(¥)-6.7e
tert-Butyl (3aa,4B,73,7aa)-1-phenyl-3a,4,7,7a-tetrahydro-4,7-

methano[1,2,3]triazole[4,5-d][1,2]oxazine-6(l)-carboxylate (6.7e) and tert-butyl
(3a0,4B,73,7a0)-3-phenyl-3a,4,7,7a-tetrahydro-4,7-methano[1,2,3Jazole[4,5-
d][1,2]oxazine-6(3H)-carboxylate (6.8e). The title compounds were prepared following
the general procedure for the synthesis of triaesliusing Method D. Cycloaddi&:88
(202 mg, 1.02 mmol) and phenyl azide (165 mg, hi38ol) were reacted for 3 h. The
crude material was purified through 35 g of silisang 100% CHCI, to afford6.8e(175
mg, 54% yield) as a light yellow solid, then 80% LH/EtOAc to afford6.7e(144 mg,
45% vyield) as a light yellow oil that solidified ap standing (99% total combined yield).
6.7e:mp = 117-120 °C.*H NMR (500 MHz, CDC}) & 7.41-7.35 (m, 4H), 7.10 (g =
7.0 Hz, 1H), 5.09 (d] = 10.0 Hz, 1H), 5.085 (s, 1H), 4.86 (s, 1H), 4(d6J = 10.0 Hz,
1H), 1.91 (dtJ = 12.0, 2.0 Hz, 1H), 1.54 (m, 10H) pprtC NMR (125 MHz, CDGJ) &
156.4, 139.3, 129.6, 123.0, 113.8, 83.9, 83.2,, @072, 57.1, 32.2, 28.0 ppm. HRMS
(FAB) m/z[M+H]" calcd for GgH,1N4O3", 317.1614; obsd, 317.162%.8e: mp > 158
°C (dec.). *H NMR (500 MHz, CDC}) & 7.37 (t,J = 8.0 Hz, 3H), 7.30 (d] = 8.5 Hz,
2H), 7.08 (tJ = 7.5 Hz, 1H), 5.10 (d] = 9.5 Hz, 1H), 5.02 (s, 1H), 4.92 (s, 1H), 4.24 (d

J =95 Hz, 1H), 1.86 (diJ = 12.0, 2.0 Hz, 1H), 1.54 (m, 10H) ppmC NMR (125
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MHz, CDCk) 6 156.6, 139.4, 129.7, 123.1, 113.9, 83.2, 78.74,88.0, 32.3, 28.1 ppm.

HRMS (FAB)m/z[M+H]" calcd for GeH21N4Os", 317.1614; obsd, 317.1605.

Attempted formation of aziridine 6.9 directly from cycloadduct 3.38.
Compound3.38(197.0 mg, 0.9988 mmol) was dissolved in 10 miohiene in a 50-mL
round-bottomed flask. Azidotrimethylsilane (0.2Q.,n1.5 mmol) was added and the
reaction was heated to reflux (oil bath temp ~125f@) 4 h. The reaction was
concentrated by rotary evaporation (~20 torr, ~4Q@8G)ield an amber oil. No triazoline
or aziridine products were observed by TLC or NMR.

Second reaction attempt without heating: A 1-dramew-cap vial was charged
with 3.38(21 mg, 0.10 mmol) and dissolved in 1 mL of CRCAzidotrimethylsilane (21
uL, 0.16 mmol) was added and the solution wasestiat rt. The reaction was monitored

by *H NMR after 3, 7, 14, 22, and 28 days. No reacti@as observed.

O\\S/:O _Boc
N /N
] (0]
H
H

(x)-tert-Butyl (1a,2B,4B,50)-3-[(4-methylphenyl)sulfonyl]-6-oxa-3,7-
diazatricyclo[3.2.1.G"*|octane-7-carboxylate (6.10). Cycloadduct3.38 (205 mg, 1.04
mmol) and tosyl azide (268 mg, 1.36 mmol) weredalis=d in 10 mL of PhCHlin a 25-
mL single-necked round-bottomed flask fitted witbcadenser and heated to reflux in an
oil bath (oil temperature = 125 °C). The reactimas monitored by TLC (1:1
hexanes/EtOAc; UV lamp) for the disappearanc&.88 After 9 h, the reaction was

complete and the solution was concentrated to yaeldown oil. The oil was purified
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through 35 g of silica using a solvent gradientrfrb00% CHCI, to 90% CHCI,/EtOAc

to yield 6.10as a tan solid (263 mg, 69% vyield). mp = 111-1@5*H NMR (500 MHz,
CDCl) 8 7.74 (d,J = 8.0 Hz, 2H), 7.31 (d] = 8.5 Hz, 2H), 4.78 (s, 1H), 4.62 (s, 1H),
3.26 (d,J = 6.0 Hz, 1H), 3.22 (d] = 6.0 Hz, 1H), 2.40 (s, 3H), 2.01 @= 11.0 Hz. 1H),
1.44 (s, 10H) ppm.’*C NMR (125 MHz, CDG)) & 156.6, 145.0, 133.9, 129.7, 127.8,
82.9, 78.1, 59.4, 36.5, 36.2, 29.0, 27.9, 21.5 ppM8® (FAB) m/z[M+H]" at 367, 311,
267 (100%). HRMS (FAB)M/z [M+H]* calcd for G7H»sN,OsS', 367.1328; obsd,

367.1314.

- H -
’ /N Boc ’ /N Boc
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Bn
(¥)-6.11 (¥)-6.13 (¥)-6.14

Reaction of 3.39 With Benzyl Azide: Formation of trazolines 6.11, 6.12, 6.13,
and 6.14. Compound3.39 (421 mg, 1.99 mmol) and benzyl azide (1.33 g, 9rBiol)
were dissolved in 10 mL of toluene in a 25-mL seagecked round-bottomed flask fitted
with a condenser and heated to reflux in an oih lfatl temp. = 125 °C). The reaction
was monitored by TLC (1:1 hexanes/EtOAc; UV lampi) the disappearance 8f39
After 28 h, the deep brown solution was concentradeyield a brown oil. The oil was
chromatographed through silica using a solventigradirom 100% hexanes to 50%
hexanes/EtOAc to affor@.12 (136 mg, 20% vyield)6.11 (128 mg, 19% vyield), and an
inseparable mixture @.13and6.14(163 mg, 24% vyield), all as brown solids (62% total

combined yield).6.11: *H NMR (500 MHz, CDCJ) & 7.38-7.30 (m, 5H), 4.99 (ddd,=
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13.0, 4.5, 1.5 Hz, 1H), 4.85 (d,= 14.5 Hz, 1H), 4.77 (d] = 14.5 Hz, 1H), 4.54 (] =
4.0 Hz, 3.83 (br-s, 1H), 3.63 (ddi= 13.0, 4.0 Hz, 1H), 1.98-1.90 (m, 1H), 1.76-1(#0
1H), 1.63 (tddJ = 13.8, 4.2, 2.5 Hz, 1H), 1.52-1.46 (m, 1H), 1(48 10H) ppm. *C
NMR (125 MHz, CDCY) 6 155.4, 132.9, 128.8, 128.5, 128.2, 81.9, 78.1,88.5, 47.2,
28.1, 19.6, 18.5 ppm. HRMS (FARB)/z[M+H]" calcd for GgH2sN4O3", 345.1927; obsd,
345.1931.6.12: *H NMR (500 MHz, CDCJ) & 7.32-7.21 (m, 5H), 4.90 (ddd,= 12.5,
4.0, 1.0 Hz, 1H), 4.75 (d,= 14.5 Hz, 1H), 4.66 (dl = 14.5 Hz, 1H), 4.45 (m, 1H), 3.71
(m, 1H), 3.60 (ddJ = 12.5, 4.5 Hz, 1H), 1.86-1.80 (m, 1H), 1.77-1(#0) 1H), 1.55-1.49
(m, 1H), 1.47-1.43 (m, 1H), 1.42 (m, 10H) ppMiC NMR (125 MHz, CDGJ) d 155.7,
134.9, 128.9, 128.7, 128.4, 82.1, 78.4, 70.3, BU2A, 47.6, 47.6, 28.2, 20.2, 17.9 ppm;
HRMS (FAB) m/z[M+H]" calcd for GgHsN4Os", 345.1927; obsd, 345.19356.13and
6.14 were obtained as ~1:1 mixture as evidenced'yNMR. HRMS (FAB) m/z

[M+H] " calcd for GgH2sN4O3", 345.1927; obsd, 345.1931.

General procedure for the addition of benzyl azidgo other alkenes (3.73,
3.74, 3.77, 3.40, and 6.15Benzyl azide (1.5 equivalents or greater) wasdubaith the
alkene (1 equivalent) in toluene or neat. Reastivare monitored b{H NMR and TLC
for consumption of the alkene starting materialha alkene8.73was heated with 1.5
eg. of BnN in toluene at reflux for 2 days, a complex mixtofdriazoline products were
observed byH NMR; however, the reaction did not progress tmptetion. All other

alkenes examined resulted in no reaction.
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General procedure for investigation of the effect bRu(ll) catalyst 6.16 on
azide [3+2] cycloaddition reactions. Cycloadduct3.38 or 3.40 (1 mmol) and benzyl
azide (1.2 — 1.5 mmol) were dissolved in 10 mL ehtene in a 50-mL round-bottomed
flask equipped with a stir bar and condenser. I¢stt6.16(0.05 mmol) was added to the
reaction and the mixture was stirred at rt. Cdrmrgactions were performed as described
above without the addition of cataly&tl& The reaction was monitored by TLC for the
disappearance of cycloaddui:88 or 3.4Q After 1 h, no reaction was observed and the
reaction was stirred in a 55 °C oil bath for 3 dayshe reaction was incomplete at this
time. The mixture was heated to reflux (oil bagmperature = 85 °C) for 6 h and the
mixture was concentrated. The residue was analymed’LC and'H NMR. %

conversion was determined Hy NMR.

General Procedure for Photolysis of Triazolines. H)-tert-Butyl
(1a,2[3,4[3,5a)-3-benzyl-6-oxa—3,7-diazatricyc|o[3.2.1.20“]0ctane-7-carboxylate (6.17).
Compound6.7a(333 mg, 1.01 mmol) was dissolved in 300 mL ofas=gd CKCN and
transferred to a 450-mL photochemical reaction eles§he solution was irradiated in an
immersion-well reactor under a stream of Ar withHanovia 450W mercury lamp
equipped with a Vycor filter sleeve. Reaction pes$ was monitored by TLC arH
NMR for the disappearance 6f7a After 3 h, the reaction was concentrated and the
crude material was purified through 30 g of silicing a gradient consisting of 100%

CH.Cl, to 95% CHCI,/EtOAc to afford6.17 as a colorless oil (205 mg, 67% yieldH
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NMR (500 MHz, CDC}) & 7.35-7.27 (m, 5H), 4.79 (m, 1H), 4.62 (m, 1H),(B(d, J =
13.5 Hz, 1H), 3.35 (d] = 14.0 Hz, 1H), 2.29-2.22 (m, 3H), 1.50 (s, 9HRAL(d,J = 10.5
Hz, 1H) ppm. *C NMR (125 MHz, CDGJ) & 157.5, 138.6, 128.4, 127.7, 127.3, 82.3,
79.9, 60.7, 59.1, 37.1, 36.7, 29.4, 28.2 ppm. MSE) m/z[M+H]* at 303, 247, 203,
171 (100%). HRMS (FAB)M/z [M+H]" calcd for G7HpaN,Os", 303.1709; obsd,

303.1712.

Attempted photolytic conversion of triazoline 6.7ato aziridine 6.17 using

TPP as a sensitizer.Compounds.7a(100.6 mg, 0.305 mmol) and tetraphenylporphyrin
(TPP, 1.9 mg, 0.0031 mmol) were dissolved in 10ahhnhydrous CECN and 2 mL of
CH.CI; (to help solubilize the TPP). The solution wagassed with Ar for 5 min, then
irradiated using a 250-W sunlamp while bubbling gb&ition with Ar. After 30 min, the
heat of the sunlamp had melted the ice bath, ffathe outlet needle, and the upper
portion of the rubber septum (it made a big mgssQnly the triazolines.7aand TPP
were observed when the reaction mixtre (now a dapkeple color) was analyzed by
TLC (1:1 hexanes/EtOAc - UV lamp, CAM stain). Noakthe desired product was

observed, and no obvious decomposition of startiatgrials was observed either.

Attempted conversion of triazoline 6.7a to aziridie 6.17 with pyridine.
Compound6.7a (101 mg, 0.306 mmol) was dissolved in 3 mL of évla in a 25-mL
round-bottomed flask. Pyridine (0.030 mL, 0.37 niymeas added and the solution was
heated to reflux (oil bath temp ~125 °C). After s5'hC of the reaction did not indicate

the presence of aziridiné.17, and only showed starting materid.7a (1:1
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hexanes/EtOAc - UV lamp). The reaction was heateckflux overnight. Even when

heated neat overnight, no reaction was observed.

Attempted conversion of triazoline 6.7a to aziridie 6.17 using TMSOTT.
Compound6.7a (80.2 mg, 0.243 mmol) was dissolved in 2 mL of GHi@ a 20-mL
scintillation vial under Ar. TMSOTf (0.010 mL, (2 mmol) was added and the solution
was stirred under Ar at RT. After 1 h, the inityalellow solution appeared slightly
darker, however TLC of the reaction (1:1 hexané€3Aet - UV lamp) only showed

triazoline6.7aplus a minor amount of decomposition.

HO NHBoc
H H
N\\N/N\Bn

General procedure for N-O bond reduction of triazoines using
Mo(CO)e¢/NaBH,4. (¥)-tert-Butyl (3aa,4a,6a,6a0)-3-benzyl-6-hydroxy-3,3a,4,5,6,6a-
hexahydrocyclopenta[d][1,2,3]triazol-4-ylcarbamate(6.19). Triazoline6.7a(207 mg,
0.628 mmol) was dissolved in 5 mL of 4:1 €HN/H,O in a 25-mL single-necked round-
bottomed flask and heated in a 50 °C oil bath. ydénum hexacarbonyl (72 mg, 0.27
mmol) was added to the solution in one portionpfeed by sodium borohydride (80 mg,
2.1 mmol) added in portions. Bubbling was obseraed the color of the reaction
changed from light yellow to a deep, murky browAfter the bubbling subsided, the
reaction was heated to reflux (oil temperature =°Z) and monitored by TLC (1:1
hexanes/EtOAc; UV lamp) for the disappearancé.@d After 18 h, the reaction was

cooled in a crushed icefB bath and the solid material was removed by fiirathrough
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a pad of celite. The celite was washed with EtQ26 mL) and the filtrate was
concentrated to yield an off-white solid, which wasified through 20 g of silica using
50% hexanes/EtOAc to affo@l19as a white solid (123 mg, 59% yield). mp = 1553-15
°C (dec.). 'H NMR (300 MHz, CDCY)) & 7.34-7.28 (m, 5H), 5.60 (d, = 9.0 Hz, 1H),
5.15 (d,J = 15.0 Hz, 1H), 4.78 (d] = 10.8 Hz, 1H), 4.63 (d} = 15.0 Hz, 1H), 4.51 (d)

= 4.2 Hz, 1H), 4.11 (m, 1H), 3.66 (d= 10.8 Hz, 1H), 1.76 (d] = 14.4 Hz, 1H), 1.55-
1.49 (m, 1H), 1.43 (s, 9H) ppm. HRMS (FAB)/z [M+H]" calcd for G7H2sN4Os",

333.1927; obsd, 333.1906.

(x)-tert-Butyl (3aa,4a,6a,6an0)-1-benzyl-6-hydroxy-1,3a,4,5,6,6a-
hexahydrocyclopenta[d][1,2,3]triazol-4-ylcarbamate (6.20). Compound6.20 was
prepared following the same procedure forl9 6.8a (506 mg, 1.53 mmol),
molybdenum hexacarbonyl (181 mg, 0.686 mmol) an®Hya(220 mg, 5.8 mmol)
provided an amber foam (540 mg). Chromatographyutgh 10 g of silica using 83%
CH.CI,/EtOACc yielded6.20 as a light yellow solid (295 mg, 58% yield). mpaL20 °C
(dec.). *H NMR (500 MHz, CDCY) & 7.30-7.20 (m, 5H), 5.63 (br-m, 1H), 4.91-4.85 (m,
2H), 4.63 (dJ = 15.0 Hz, 1H), 4.21 (1] = 8.0 Hz, 1H), 4.07 (d] = 4.0 Hz, 1H), 3.64 (d,
J = 10.5 Hz, 1H), 1.69 (dJ = 14.0 Hz, 1H), 1.53 (br-s, 1H), 1.39 (s, 10H) ppMC
NMR (125 MHz, CDC4) 6 155.1, 136.0, 128.7, 128.2, 127.9, 89.4, 79.6),%%.9, 56.7,
52.9, 37.8, 28.4 ppm. HRMS (FAB)/z[M+H]" calcd for G7H2sN403", 333.1927; obsd,
333.1930.
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(¥)-tert-Butyl (1a,2a,4a,5a)-6-benzyl-4-hydroxy-6-aza-bicyclo[3.1.0]hexan-2-
ylcarbamate (6.21). Triazoline6.19 (108 mg, 0.323 mmol) was dissolved in 300 mL of
degassed CH#CN in a 450-mL photochemical reaction reaction ges3 he solution was
irradiated in an immersion-well reactor under seatn of Ar with a Hanovia 450W
mercury lamp fitted with a Vycor filter sleeve. @&lprogress of the reaction was
monitored by'H NMR. After 5 h, the solution was concentrate@ {€, 21 torr) to yield
an amber oil (110 mg). The oil was chromatograptedugh a pad of silica using a
solvent gradient from 100% GBI, to 40% CHCI,/EtOAc and yielded.21as a yellow
oil (89.9 mg, 91% yield).'"H NMR (500 MHz, CDCJ) & 7.32-7.23 (m, 5H), 5.16 (m,
1H), 4.26 (dJ = 5.0 Hz, 1H), 4.08 (] = 7.5 Hz, 1H), 3.52 (d] = 14 Hz, 1H), 3.32 (d]
= 14 Hz, 1H), 2.30 (m, 2H), 2.05 (m, 1H), 1.47 {& 15 Hz, 1H), 1.43 (s, 9H), 1.25 (m,
1H) ppm. ¥*C NMR (125 MHz, CDGCJ) & 155.4, 138.7, 128.3, 127.3, 126.9, 71.8, 60.7,
51.0, 48.4, 47.6, 39.8, 29.6, 28.3 ppm. HRMS (FABY[M]" calcd for G7H24N-05",

304.1787; obsd, 304.1785.

381



8.6 Experimental procedures for chapter 7

)Nl\/NHZ
Ph” “Ph

(Diphenylmethylene)hydrazine (7.12).Benzophenone (10.099 g, 55.323 mmol)
was dissolved in 60 mL of absolute EtOH in a 250-mound-bottomed flask. The
solution was heated in a 50 °C oil bath and hydeznonohydrate (4.10 mL, 82.8
mmol) was added. A condenser was attached tdakk &nd the colorless solution was
heated to reflux (oil bath temp = 100 °C) overnigliter 16 h, the reaction was cooled
to rt and the colorless solution was concentrategli¢ld a white solid. The solid was

recrystallized from absolute EtOH to yieldl2as white needles (6.17 g, 57%). mp = 96-

98 °C (lit? 97-98 °C).

N

M

Ph” “Ph

Diphenyldiazomethane (7.13).7.12(2.011 g, 10.25 mmol) was dissolved in 20
mL of anhydrous CBCI, in a 100-mL round-bottomed flask and cooled iniciH,O
bath under Ar. Anhydrous MgS@3.21 g, 26.7 mmol) was added and the mixture was
stirred vigorously. A blast shield was placed riont of the reaction as a precautionary
measure as activated Mp(88%, 1.187 g, 12.02 mmol) was added in one potiothe
reaction. The reddish-purple suspension was dtimethe ice/HO bath for 2 h, then
warmed to rt and stirred an additional 1 h. Thiddsmaterial was removed by vacuum
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filtration and washed with Ci€l,. The filtrate was concentrated by rotary evaponat
(~20 torr, ~30°C) to yield crudé.13as a deep purple-colored solid (2.02 g). Thealsoli
was stored in the freezer (-10°C) under Ar. Thedermixture of7.13was used without

purification in further reactions.

Treatment of cycloadduct 3.38 with diphenyldiazomdtane. Compound3.38
(207.8 mg, 1.054 mmol) and crudel3 (388 mg, 2.00 mmol) were dissolved in 5 mL of
benzene in a 25-mL round-bottomed flask under Ahe purple solution was purged
with Ar and stirred at rt in the dark (covered i) The reaction was monitored by
TLC (1:1 and 2:1 hexanes/EtOAc - UV lamp), andraRelays the reaction appeared to
be progressing; however, there was still a lottaftsig material .39 in the reaction.
After 10 days, the reaction was concentrated anctude ‘H NMR of the residue
indicated that the reaction was progressing. Adtering for another weelk3.38 was

completely consumed.

H OH
=N
CL =0
0
H
(¥)-(3aR,6aS)-3-Hydroxy-3a,4-dihydro-81-cyclopentaldjoxazol-2(6ad1)-one

(7.34). Initial preparation using un-purified dimethyl sulfate. Compound.38(100.2
mg, 0.5080 mmol) was dissolved in 5 mL of anhydr@k$Cl, in a flame-dried single-
necked 25-mL round-bottomed flask under Ar. Dimgegulfate (0.10 mL, 1.1 mmol,

not distilled prior to use) was added and bubblmas observed. After 5 min, the

bubbling had ceased and the reaction was analygell.8 (1:1 hexanes/EtOAc - UV
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lamp, CAM stain). After 4 h, no cycloadduct wassetved and anhydrous methanol
(0.20 mL, 4.9 mmol) was added to the reaction.eAtt h, there was no change by TLC
and the reaction was stirred overnight at rt unter The reaction was concentrated and
the residue was purified through 15 g of silicangsa solvent gradient from 100%
CHCl, to 50% CHCI,/EtOAc and yielded’.34 as a white solid (37.6 mg, 52% yield).
HydroxamaterZ.34 was insoluble in CbCl, and CHCY, sparingly soluble in MeOH, and

soluble in DMSO and KD. See below for full characterization data.

Optimized synthesis of hydroxamate (%)-7.34 using atalytic triflic acid
(TfOH). Cycloadduct3.38 (1.07 g, 5.40 mmol) was dissolved in 50 mL of airoys
THF in a 200-mL round-bottomed flask that was rechse@th concentrated HCI (2x),
washed with HO, and acetone, then flame-dried under Ar. Thetswsl was cooled in a
crushed ice/pD bath under Ar and trifluromethanesulfonic acidd{® mL, 0.11 mmol)
was added. The solution was stirred in the ig&/Hath under Ar and monitored by TLC
(1:1 hexanes/EtOAc - UV lamp, CAM stain). Aftehlthe reaction was complete and
the solution was warmed to rt and concentrateddbgry evaporation to a yellow oil.
The oil was triturated with D (50 mL) to yield pureZ.34 as a white powdery solid
(0.562 g, 74% vyield)*H NMR (500 MHz, §-DMSO, 40 °C)5 9.72 (s, 1H), 6.12 (d] =
5.0 Hz, 1H), 5.85 (dJ = 5.0 Hz, 1H), 5.41 (d] = 7.0 Hz, 1H), 4.34 () = 6.0 Hz, 1H),
2.54 (m, 2H) ppm.**C NMR (125 MHz, 6-DMSO, 40 °C)5 156.1, 135.9, 128.2, 81.4,
59.3, 36.1 ppm. HRMS (FABjn/z [M+H]" calcd for GHgNOs", 142.0504; obsd,

142.0521.
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General procedure for the investigation of nitroneformation under acid
catalysis. (%)-(3&,6aS)-2-Phenyl-4,6a-dihydro-34d-cyclopentajdloxazole 3-oxide
(7.50). Cycloadduct7.49(0.104 g, 0.517 mmol) was dissolved in 10 mL dfyairous
CH.CI, under Ar in a flame-dried single-necked 50-mL rmoottomed flask. Triflic
acid (0.050 mL, 0.56 mmol) was added and the smiuwvas stirred at rt and monitored
by TLC. After 15 min, no starting material was eb&d by TLC (1:1 hexanes/EtOAcC -
UV lamp) and a new, more nonpolar spot was obser&aturated NaHC£5 mL) was
added and the layers were separated. The aqueyarswas extracted with GBI, (2 x
5 mL) and the combined organic layers were driectroMaSQO,, filtered, and
concentrated to yield an off-white residue. Th&dee was chromatographed through 10
g of silica using 100% CJ€l, and yielded’.50as a yellow residue (19.5 mg, 20% yield).
Rf = 0.48 (1:1 hexanes/EtOAc — UV lampH NMR (300 MHz, CDCY) & 7.85 (dd,J =
8.1, 1.3 Hz, 2H), 7.41 (m, 3H), 6.09 (dt= 5.7, 1.8 Hz, 1H), 5.97 (dd,= 6.0, 1.8 Hz,
1H), 5.37 (m, 1H), 4.39 (q] = 3.9 Hz, 1H), 2.71 (m, 2H) ppm™C NMR (75 MHz,
CDCly) 3 172.6, 133.9, 130.7, 129.6, 128.2, 125.9, 81.8),737.4 ppm. HRMS (FAB)

m/z[M+H]" calcd for G,H12NO,", 202.0868; obsd, 202.0869.

Attempted homo-Diels-Alder reaction with norbornadiene by direct
oxidation of hydroxamate using NalQ. A solution 0f3.37 (47.5 mg, 0.357 mmol) in
2.8 mL of MeOH/HO (4:1) was cooled to 0 °C (icef8 bath). Norbornadiene (0.045

mL, 0.442 mmol) was added (did not dissolve), folad by the dropwise addition of a
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solution of sodium periodate (84.5 mg, 0.395 mmol.5 mL of HO over 5 min using a
syringe. White solid was observed in the reachod the mixture was stirred in the
ice/HO bath for 1.5 h. The mixture was diluted witbGH(20 mL), saturated with NaCl,
and extracted with EtOAc (5 x 10 mL). The combimedanic layers were washed with
brine (2 x 10 mL), dried over MgS{¥iltered, and concentrated to yield a light yellolil
(19 mg). NMR analysis did not indicate the forroatiof the desired adduct and was

inconclusive.

Attempted homo-Diels-Alder reaction with norbornadiene by direct
oxidation of hydroxamate using Swern oxidation. Compound3.37 (44.3 mg, 0.333
mmol) was dissolved in 5.1:1 GBI,/DMSO under Ar and cooled to -78 °C in a dry
ice/acetone bath. In a separate flask, 1.6 mLHJCT; was cooled to -78 °C and oxalyl
chloride (0.12 mL, 1.40 mmol) was added followed DMSO (0.15 mL, 2.11 mmol).
This mixture was stirred for 5 min, then transfdrite the flask containin®.37 via
cannula over 3-4 min. A yellow color was obseraed the resultant solution was stirred
at -78 °C for 20 min under Ar. Triethylamine (0.48., 3.45 mmol) was added slowly
over 5 min and the mixture was stirred at -78 °C5anin before slowly warming to rt.
Et,O (10 mL), EtOAc (7 mL), and 1M HCI (7 mL) were adtto the mixture and the
layers were separated. The aqueous layer wastdravith EtOAc (2 x 10 mL) and the
combined organic layers were washed with saturdtddCQO; (2 x 15 mL) and brine (2 x
15 mL), dried over MgS§) filtered, and concentrated to yield a yellow (b6 mg).

NMR analysis did not indicate the formation of ttesired adduct and was inconclusive.

386



Attempted homo-Diels-Alder reaction with norbornadiene by direct
oxidation of hydroxamate using Dess-Martin periodimne. Compound’.65(66.0 mg,
0.437 mmol) was dissolved in THF (4.5 mL) under Atorbornadiene (0.050 mL, 0.492
mmol) was added and the solution was cooled t¢€78 a dry ice/acetone bath. Dess-
Martin periodinane (0.48M in Ci&l,, 1.05 mL, 0.504 mmol) was added dropwise over 3
min and the mixture was stirred at -78 °C for 3% mnder Ar, then warmed to rt and
stirred for an additional 4 h. Saturated NaRG® mL) and saturated N&O; (5 mL)
were added and the mixture was stirred for 10 mti all of the solid material dissolved
completely. The layers were separated and thecaguayer was extracted with QEl,

(2 x 15 mL). The combined organic layers were \edshith saturated NaHGd2 x 40
mL) and brine (2 x 40 mL), dried over Mgga@iltered, and concentrated to yield a white
solid (36 mg). NMR analysis did not indicate tlmenfation of the desired adduct and

was inconclusive.

7>

General procedure for cycloaddition reactions with9,10-Dimethylanthracene
using BwuNIO,4. Cycloadduct 7.67. Tetrabutylammonium periodate (0.204 g, 0.471
mmol) and 9,10-dimethylanthracene (80.8 mg, 0.392oth were dissolved in 1 mL of
CHCI; and cooled in an iced® bath. A solution 08.37(62.4 mg, 0.469 mmol) in 0.25
mL of DMF was added dropwise over 3 min. The r@sul mixture was stirred in the

ice/H,O bath for 25 min, then at rt for an additional b.5The reaction was poured into
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10 mL of EtOAc and washed with saturated,$&3 (2 x 10 mL), HO (10 mL), and
brine (2 x 10 mL), dried over MgSQfiltered, and concentrated to yield a yellow goli
(204 mg). Chromatography through 20 g of silicag$:2 CHCl,/hexanes yielded.67
as a yellow solid (80.3 mg, 61% vyield). Productaiied is 90% pure by NMR and
contains 10% 9,10-dimethylanthracertel NMR (300 MHz, CDCY) & 7.45 (dd,J = 5.9,
2.9 Hz, 2H), 7.37 (dd] = 5.1, 3.4 Hz, 2H), 7.25 (dd,= 5.6, 3.4 Hz, 4H), 2.57 (s, 3H),

2.23 (s, 3H), 1.22 (s, 9H) ppm.

3

N

/

CHT>

9,10-Dimethylanthracene cycloadduct 7.68. Comopund7.68 was prepared
following the same procedure f@t67. Hydroxamic acid7.65 (71.1 mg, 0.470 mmol),
9,10-dimethylanthracene (80.7 mg, 0.391 mmol), &tdabutylammonium periodate
(0.203 g, 0.469 mmol) provided a yellow oil. Chiaography through 30 g of silica
using a solvent gradient from 2:1 to 3:1 fH/hexanes yielded.68 as a yellow oil
(62.6 mg, 45% yield)."H NMR (300 MHz, CDC}) & 7.49 (d,J = 6.9 Hz, 2H), 7.31 —
7.12 (m, 6H), 7.12 (d) = 6.3 Hz, 3H), 6.82 (dd] = 7.5, 1.8 Hz, 2H), 3.54 (s, 2H), 2.75

(s, 3H), 2.07 (s, 3H) ppm.
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Ac
1-(2,3-Dimethyl-1H-indol-1-yl)ethanone (7.82). 2,3-Dimethylindole (5.00 g,
34.4 mmol) was dissolved in 75 mL of acetic anhyerin a single-necked 250-mL
round-bottomed flask fitted with a stir bar andugfcondenser.p-Toluenesulfonic acid
monohydrate (68 mg, 0.36 mmol) was added and tlee ded solution was heated to
reflux in an oil bath (oil temperature = 130 - 1%0) overnight. After 15 h, the resultant
black mixture was cooled to rt, then concentratgddbary evaporation to afford a black
solid. TLC of the crude mixture seems to indicsti@rting material remained, however
the product also appears at the same Rf in thesblystems used for visualization (3:7
ether/pet Eter and 85:15 hexanes/EtOAc). The swdisl loaded onto silica and purified
through a Biotage 40M column using 100% hexan&b8b hexanes/EtOAc and yielded
7.82as a white solid (4.61 g, 72% vyield). The soliddyally became light orange after
standing for 1 h to overnight, and was stored stiatillation vial under Ar at -10 °C
until use. mp = 66-68 °C*H NMR (500 MHz, CDCJ) § 7.99 (m, 1H), 7.45 (m, 1H),
7.27 (m, 2H), 2.72 (s, 3H), 2.57 (s, 3H), 2.213(d) ppm. *C NMR (125 MHz, CDGJ)
0 170.1, 135.5, 132.5, 131.2, 123.6, 122.8, 118165.4, 114.9, 27.5, 14.4, 8.7 ppm.

HRMS (FAB)m/z[M] " calcd for G,H13NO", 187.0997; obsd, 187.1003.
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APPENDIX A:

NMR SPECTRA FOR SELECTED COMPOUNDS
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