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Total Synthesis of Erythronolide A
via My(1l)-Mediated Nitrile Oxide

Cycl oaddi ti on'

Dieter Muri, Nina Lohse-Frafel, and Erick M Carreira’

Experinental Part

Al'l  non-aqueous reactions were carried out using oven-
dried or flane-dried glassware under a positive pressure
of dry nitrogen or argon unless otherwi se noted.
Tet rahydrof uran, acetonitrile, toluene, Et,0 and CHO,
were purified by distillation and dried by passage over
activated alum na under an argon atnosphere (H,O content <
30 ppm Karl-Fischer titration).[! Tri et hyl ani ne and
pyridine were distilled from KOH Triethyl chlorosil ane,
2,4,6-trichl orobenzoyl chloride (Yamaguchi reagent), and

benzal dehyde di net hyl acetal were distilled prior to use.
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4- N, N- di net hyl am nopyri di ne was recrystallized from

t ol uene. t - But yl lithium was titrated wth s-
BuOH phenant hrol i ne) . [ Tet r a- n- propyl anmmoni um
perruthenatel'''l and zinc borohydridel'l were prepared

according to a literature procedure. Except as indicated
ot her w se, reactions were nmagnetically stirred and
nmonitored by thin layer chromatography (TLC) using Merck
Silica Gl 60 F254 plates and visualized by fluorescence
guenchi ng under WV Iight. In addition, TLC plates were
stained wusing ceric ammonium nolybdate or potassium
per manganate stain. Chromat ographic purification of
products was perforned on E. Merck Silica Gel 60 (230-400
mesh) using a forced flow of eluant at 0.3-0.5 bar
pressure. [V] Concentration wunder reduced pressure was
performed by rotary evaporation at 40 °©°C at the
appropriate pressure. Purified conpounds were further
dried under high vacuum (0.01-0.05 Torr). Yields refer
to purified and spectroscopically pure conpounds.
Melting points were neasured on a Buchi 510 apparatus.
All nmelting points were neasured in open capillaries and
are uncorrected. Optical rotations were neasured on a
Jasco DI P-1000 polarineter operating at the sodium D |ine
wth a 100 mm path length cell. NVR spectra were
recorded on a Varian Mercury 300 spectroneter operating
at 300 MHz and 75 MHz for 'H and !?*C acquisitions,
respectively, or on a Bruker DRX500 spectroneter
operating at 500 MHz and 125 MAE for 1H and 13C
acqui sitions, respectively. Chemcal shifts are reported
in ppm with the solvent resonance as the internal
standard. Data are reported as follows: s = singlet, bs =
broad singlet, d = doublet, t =triplet, g = quartet, m =
multiplet; coupling constants in Hz. IR spectra were
recor ded on a Per ki nEl mer Spectrum RXI FT-IR
spect r ophot onet er. Absorptions are given in wavenunbers



(cm?). Mass spectra were recorded by the M5 service at
ETH Zurich. EI-M5. VG TRIBRI D spectroneter; spectra were
neasured at 70 eV. MALD-Ms: lonSpec Utima Fourier
Transform Mass Spectroneter. Peaks are given in percent
(mz). El enent al anal yses were perforned at t he
M kr ol abor der ETH Zuri ch.

Buffers were prepared according to the foll ow ng
procedur es:

pH 3.8 citrate phosphate buffer: citric acid (14 g),
Na,HPO, (9.9 g), HO (1000 m)

pH 7 phosphate buffer: KH,PQ, (6.8 g), NaOH (1.16 g), HO
(1000 m)

pH 8.6 carbonate buffer: NaHCO; (42 g), Na,CO; (0.53 g),
H,O (1000 m)
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(1R -1-[(4S,5R)-3-((1R) -2-{[tert-Butyl - (di nethyl) -
silyl]oxy}-1-nethyl ethyl)-4-nethyl -4, 5-di hydr oi soxazol - 5-
yl ] et hanol (4)

.OH -
TBSO |N TBSO NI 0]

Me

Me Me Me OH

To a solution of (R)-(Z)-3-penten-2-o0l (4) (0.475 g, 5.52
mmol, 1.20 equiv) and 2-propanol (1.17 m, 15.2 nmol,
3.30 equiv) in CHCO, (250 M) at 0 °C was added Et MgBr (3
Min Et,O 4.60 m, 13.8 mmol, 3.00 equiv). The reaction
m xture turns nonmentarily cloudy, beconmng clear and
colorless upon stirring at 0 °C for 30 mn. At this tine,
the hydroxi m noyl chloride, prepared by addition of t-
but yl hypochloride (0.58 m, 5.06 mmol, 1.10 equiv) to a
solution of oxinme 2 (1.00 g, 4.60 mmol, 1.00 equiv) in
CHd, (46 M) at -78 °C and stirring for 1.5 h, was added
dropwi se via cannula to the reaction to give a slightly
yellow solution. It was allowed to warmto rt and stirred
for 16 h. The reaction was quenched by the addition of
sat. aq. NH,CO (200 m) and the two | ayers were separated.
The aqueous |ayer was extracted with CHO, (3 x 50 nml).
The conbi ned organi c solutions were washed with brine (50
m), dried over anhydrous Na,SOQ,, and concentrated under
reduced pressure. Purification by flash chromatography
(3:1 hexane/ Et OAc) provided isoxazoline 4 (1.20 g, 86%

yield) as a clear colorless oil.

R = 0.21 (3:1 hexane/EtOAc). Specific Rotation [a]?° (c
1.060, CHd ;) = -13°. NWR Spectroscopy: *H NVR (300 MHz,
DA ;) d 4.16 (dd,1H, J = 9.3, 5.3 Hz), 3.98-3.90 (m
1H), 3.66-3.58 (m 2H), 3.31-3.23 (m 1H), 2.67-2.60 (m
1H), 2.06 (d(br), 1H J = 6.2 Hz), 1.25 (d, 3H, J = 6.5
Hz), 1.19 (d, 3H, J = 6.9 Hz), 1.17 (d, 3H, J = 7.2 Hz),



0.87 (s, 9H), 0.05 (s, 3H), 0.04 (s, 3H). ¥C NWR (75 MHz,
Chd ;) d: 166.6, 85.9, 67.1, 66.1, 45.3, 34.7, 25.9, 20.3,
18.3, 14.6, 10.7, -5.4. IR Spectroscopy (thin film 3408,
2930, 2857, 1462, 1389, 1255, 1091, 900, 837, 776(cm?).

Mass Spectronetry EI-MS (mz): 300.3 ([MY), 244.1(20),
240.1(12), 172.1, (17), 142.0(31), 122.0(13), 115.0(31),
96. 0(16), 84.0(23), 75.0(100) 73.0(30). Conbusti on
Anal ysis: Anal. calcd for CisHs:NO;Si: C, 59.76; H, 10. 36;
found C, 59.69; H, 10.48.

(1R -1-[(4S,5R)-3-((1R -2-{[tert-Butyl - (di nethyl) -
silyl]oxy}-1-nethylethyl)-4-nmethyl-4,5-di hydroi soxazol - 5-
yl ] et hanone (5)

TBSO N—0O TBSO N—O
! Me > ! Me

Me Me OH Me Me O

To isoxazoline 4 (1.18 g, 3.91 mmol, 1.00 equiv) in CHOA ,
(8 m) at rt was added NMO (0.69 g, 5.09 mmol, 1.30
equiv) and 4 ? nolecular sieves (2 g). Then TPAP (0.041
g, 0.12 mol, 0.03 equiv) was added as a solid in two
portions to give a green mxture. After 10 mn, the
reacti on had beconme dark red and after 20 mn, nore TPAP
(0.020 g, 0.057 mol, 0.015 equiv) was added. After
stirring for 1.5 h at rt, the dark red mxture was
diluted with pentane (8 nm) and filtered over a plug of
silica gel, eluting wwth 3:2 pentane/ether. The sol ution
was concentrated and a green oil was obt ai ned.
Purification by flash chromatography (5:1 hexane/Et QAc)
provided ketone 5 (0.96 g, 82% yield) as a clear,

colorless oil.



R = 0.44 (3:1 hexane/ EtOAc). Specific Rotation [a]®’ (c
0.950, CHO ;) = +51°. NMR Spectroscopy: 'H NVR (300 MHz,
cbA3) d 4.76 (d, 1H, J = 10.9 Hz), 3.71-3.58 (m 3H),
2.72-2.61 (m 1H), 2.26 (s, 3H, 1.23 (d, 3H J = 7.2
Hz), 1.08 (d, 3Hz, J = 7.5 Hz), 0.88 (s, 9H), 0.05 (s,
3H, 0.04 (s, 3H. 'C NWMR (75 Mz, CDO;) d 208.2,
165.0, 87.0, 67.0, 47.7, 34.7, 28.4, 25.9, 18.3, 14.5,
12.1, -5.4. IR Spectroscopy (thin film 2955, 2931, 2858,
1716, 1463, 1359, 1255, 1136, 1095, 1007, 970, 838, 777
(cm?). Mass Spectrometry EI-M5S (mz): 300.1 ([MHY,
243.1(19), 240.1(26), 142.0(67), 115.0(50), 112.0(18).
Conbustion Analysis: Anal. calcd for CisH,oNOSi: C 60. 16;
H 9.76; found C, 60.10; H, 9.60.

(2R 4R)-2-[(4S,5R) -3-((1R) -2-{[tert-

But yl (di met hyl ) silyl]oxy}-1-nethyl ethyl)-4-nethyl-4,5-
di hydr oi soxazol - 5-yl]-5-[(4-nmet hoxybenzyl ) oxy] - 4-

met hyl pentan-2-ol (7)

TBSO NI_O TBSO l\i—o OPMB
Me -

Me Me O Me Me HO Me Me

To a solution of bromde 6 (0.24 g, 0.87 mmol, 1.3 equiv)
in Et,O (4.8 mM) at -78 °C was added tBuLi (1.76 WM™
solution in pentane, 1.0 m, 1.8 mol, 2.7 equiv). The
col orl ess suspension was stirred for 20 mn at -78 °C
before MyBr, (1.0 M solution in ether/benzene(3:1), V!
1.00 mM, 1.0 mml, 1.50 equiv) was added. The colorless
reaction mxture was stirred for 10 min and treated with
a solution of ketone 5 (0.20 g, 0.67 mmol, 1.0 equiv) in
THF (3.4 m). After stirring for 1 hour at -78 °C, the
col orl ess suspension was quenched with sat. ag. NHC (5



m) and extracted with EtOAc (3 x 10 m). The organic
solution was washed wth brine, dried over anhydrous
Na,SCO,, and concentrated under reduced pressure. NVR
anal ysis of the crude material indicated a 20:1 ratio of
di ast ereoners. Purification by flash chronatography
(hexane/EtQAc 5:1 - 3:1) provided pure 7 (0.21 g, 64%
yield, > 50:1 dr), acconpanied with ketone 5 (0.065 g,

33% recovered starting material).

R = 0.33 (3:1 hexane/ EtQAc). Specific Rotation [a]¥° (c
2.570, CHCl ;) = +3.5°. NVWR Spectroscopy: H NWVR (300 Mz,
cDCl3) d 7.26 (d, 2H, J = 8.7 Hz), 6.87 (d, 2H J = 8.7
Hz), 4.49 (d, 1H, J = 11.5 Hz), 4.43 (d, 1H, J = 11.5
Hz), 4.03 (d, 1H, J = 8.7 Hz), 3.80 (s, 3H), 3.64 (d, 2H,
J = 6.5 Hz), 3.46 (s(br), 1H), 3.36 (dd, 1H J = 8.7, 5.0
Hz), 3.24-3.14 (m 2H), 2.68-2.59 (m 1H), 2.10-2.05 (m
1H), 1.96 (dd, 1H J = 14.6, 6.9 Hz), 144 (dd, 1H J =
14.3, 3.4 Hz), 1.27 (s, 3H), 1.24 (d, 3H J = 5.0 Hz),
1.21 (d, 3H, J = 4.4 Hz), 0.95 (d, 3H, J = 6.9 Hz), 0.89
(s, 9H), 0.05 (s, 3H), 0.04 (s, 3H. ¥¥C NWR (75 Mz,
Chd ;) d:167.6, 159.0, 129.9, 129.2, 113.7, 88.5, 76.4,
72.9, 72.2, 67.3, 55.3, 45.5, 34.9, 28.9, 25.9, 23.9,
19.8, 18.3, 14.7, 12.7, -5.3. IR Spectroscopy (thin film
3436, 2954, 2931, 2857, 1613, 1514, 1361, 1301, 1249,
1174, 1089, 1036, 938, 837, 777 (cm?'). HRVB-MALDI (m z):
Calcd for [CyrHsNQSiNa]*, 516.3121; found, 516.3111.
Conmbustion Analysis: Anal. calcd for GC7H;;NGSi: C, 65. 68;
H 9.59; found C, 65.78; H 9.57.



(4S,5R)-3-((1R) -2-{[tert-Butyl (di methyl)silyl]oxy}-1-
met hyl et hyl ) -5-{ (1R, 3R) - 4-[ (4- net hoxybenzyl ) oxy] - 1, 3-
dimethyl -1-[ (triethylsilyl)oxy]butyl}-4-nethyl-4,5-
di hydr oi soxazol e (8)

TBSO Nl—O OPMB TBSO l\f—O OPMB

\j

Me Me HO Me Me Me Me RO Me Me
R = TES

At 0 °C, triethylsilyl triflate (3.20 m, 14.0 mol, 1.30
equiv) was added to a solution of alcohol 7 (5.30 g, 10.7
mmol, 1.00 equiv) and 2,6-lutidine (3.80 m, 32.2 mol,
3.00 equiv) in CHdA, (30 m). The yellow solution was
stirred for 1 h at 0 °C and quenched with water (30 nl).
The two layers were separated and the aqueous |ayer was
extracted with CH,O,. The organic solution was washed
wth 1 NHJ (60 m), brine (30 m), dried over anhydrous
Na,SO,, and concentrated in vacuo. Purification by flash
chr omat ogr aphy (hexane/ EtOAc 6:1) afforded 8 (6.01 g, 93%

yield) as a clear, colorless oil.

R = 0.67 (3:1 hexane/EtOAc). Specific Rotation [a]¥° (c
1.0450, CHO ;) = -4.8°. NMR Spectroscopy: *HNWR (300 Mz,
CDA ) d 7.24 (d, 2H J = 8.1 Hz), 6.86 (d, 2H J = 8.4
H), 4.41 (s, 2H), 4.12 (d, 1H J = 9.0 Hz), 3.80 (s,
3H), 3.62 (d, 2H, J = 6.5 Hz), 3.32 (dd, 1H, J = 8.7, 6.2
Hz), 3.21-3.12(m 2H), 2.63-2.56(m 1H), 1.95-1.90 (m
1H), 1.68 (dd, 1H, J = 13.9, 4.0 Hz), 1.48 (dd, 1H, J =
14.0, 6.5 Hz), 1.34 (s, 3H), 1.20 (d, 3H J = 6.9 Hz),
1.13 (d, 3H, J = 7.4 Hz), 1.02 (d, 3H J = 6.7 Hz), 0.94
(t, 9H J = 7.8 Hz), 0.88 (s, 9H), 0.63 (g, 6H J = 7.7
Hz), 0.05 (s, 3H), 0.04 (s, 3H). 3C NMR (75 MHz, CDO )
d 166.9, 158.9, 130.8, 129.0, 113.6, 88.3, 76.6, 76.5,
76.5, 72.6, 67.3, 55.3, 45.3, 43.6, 34.9, 29.8, 25.9,



19.6, 18.3, 14.7, 12.7, 7.4, 6.9, -5.3. IR Spectroscopy
(thin film 2953, 2875, 1614, 1514, 1463, 1361, 1301,
1249, 1094, 1008, 838, 776, 741 (cm?'). HRVS-MALDI (mz):
Cal cd for [GCssHs:NOSi oNa] ¥, 630.3986; found, 630.3975.

(1-O[tert-Butyl (dinmethyl)silyl]-2,4,7,8-tetradeoxy-9-0O
(4- et hoxybenzyl)-2, 4, 8-trinethyl - 6-C nethyl -6-0
(triethylsilyl)-L-glycero-D gul o- non-3-ul ose (8d)

TBSO I\I—O OPMB TBSO O OH OPMB

Me Me RO Me Me R = TES Me Me RO Me Me

After addition of boric acid (0.102 g, 1.65 mol, 5.00
equiv) and Raney-N (W2, spatula tip) to an enulsion of 7
(0.202 g, 0.33 nml, 1.00 equiv) in MeOH HO (5:1, 4.0
m), the Schlenk flask was purged several tines with H.
The black suspension was stirred rapidly under an
atnosphere of H for 2 h. The black reaction mxture was
filtered over celite and eluted with CH,C ,. The bi phasic
m xture was washed with H,O The organic solution was
dried over anhydrous Na,SO, and concentrated in vacuo.

Purification by flash chromatography (hexane/EtOAc 7:1)
provi ded b-hydroxyketone 8d (0.181 g, 89% yield) as a
clear, colorless oil.

R = 0.54 (3:1 hexane/ EtOAc). Specific Rotation [a]¥' (c
1.530, CHd ;) = +12°. NWR Spectroscopy: *H NVR (300 MHz,
CDCl ;) d 7.25 (d, 2H, J = 8.6 Hz), 6.87 (d, 2H, J = 8.7
Hz), 4.42 (s, 2H), 3.87-3.83 (m 1H), 3.81-3.75 (m 1H),
3.80 (s, 3H), 3.53 (dd, 1H, J = 9.7, 5.9 Hz), 3.27-3.16
(m 2H), 2.99-2.88 (m 2H), 2.49 (d, 1H J = 7.8 Hz),
1.81-1.76 (m 1H), 1.66-1.50 (m 2H), 1.18 (s, 3H), 1.16
(d, 34 J = 7.2 Hz), 1.04 (d, 3H J = 6.8 Hz), 1.01 (d,



3H J = 6.5 Hz), 0.95 (t, 9H, J = 8 Hz) 0.87 (s, 9H),
0.61 (q, 6H, J = 8 Hz) 0.03 (s, 3H), 0.02 (s, 3H). **C NW\R
(75 MHz, CDO3) d: 216.4, 158.9, 130.7, 129.0, 113.6,
79.2, 76.4, 73.1, 72.6, 65.6, 55.3, 47.1, 47.0, 44.0,
30.0, 26.0, 25.2, 19.4, 18.5, 14.2, 11.2, 7.3, 7.0, -5.3,
-5.3. IR Spectroscopy (thin filnm 3524, 2954, 2876, 1701,
1613, 1587, 1513, 1463, 1361, 1302, 1249, 1172, 1095,
1005, 837, 775, 741, 724, 666 (cm?'). HRVS-MALDI (mz):
Calcd for [GHs2OsSi,Na]l™, 633.3983; found, 633.3972.
Conbustion Analysis: Anal. calcd for GC;HsoOSio: C, 64.87;
H, 10.23; found C, 64.69; H, 10.46.

9-O[tert-Butyl (dinethyl)silyl]-2, 3,6, 8-tetradeoxy-1-0O
(4- et hoxybenzyl)-2,6, 8-trinethyl -4-C nethyl-4-0O
(triethylsilyl)-L-threo-L-ido-nonitol (8e)

TBSO O OH OPMB TBSO OH OH OPMB

Me Me RO Me Me R=TES Me Me RO Me Me

At -78 °C, Zn(BH;), (0.145 ™ solution in Et,O 12.0 m,
1.73 mmol, 2.5 equiv) was added to a solution of R-
hydr oxyketone 8d (0.424 g, 0.694 mmol, 1.00 equiv) in
CHCO, (35 mM). The clear, colorless solution was stirred
at -30 °C for 2 h before nore Zn(BH;), (0.145 ™M solution
in Et,0 2.4 m, 0.345 mmol, 0.5 equiv) was added. The
solution was stirred for another 30 mn before it was
guenched with MeOH HO (1:1, 10 nm). The biphasic m xture
was stirred for 1 hour at rt and then 1 N HCO (5 ml) was
added. The aqueous | ayer was separated and extracted with
CHCO, (3 x 10 m). The conbi ned organics were washed with
brine (10 m), dried over anhydrous  Na,SO, and
concentrated under reduced pressure. Purification by
flash chromat ography (hexane/EtQAc 10:1 - 7:1) afforded



pure 1,3-diol 8e (0.260 g, 60% vyield) as a clear,

colorless oil.

R = 0.48 (3:1 hexane/ EtOAc). Specific Rotation [a]3°® (c
1.035, CHO ;) = +10°. NWVR Spectroscopy: H NVR (300 MHz,
cDa;) d 7.25 (d, 2H, J = 7.8 Hz), 6.87 (d, 2H J = 8.7
Hz), 4.42 (s, 2H), 3.81 (s, 3H), 3.74 (s, 1H), 3.67-3.63
(m 1H), 3.62 (dd, 1H, J = 10.0, 4.1 Hz) 3.56-3.49 (m
2H), 3.25-3.16 (m 2H) 2.72 (d, 1H J = 9.3 Hz), 1.93-
1.87 (m 1H), 1.81-1.73 (m 1H), 1.71-1.45 (m 3H), 1.23
(s, 3H), 1.02-0.97 (m 9H), 0.95 (t, 9H J = 7.8 Hz),
0.88 (s, 9H), 0.62 (g, 6H, J = 7.8 Hz), 0.038 (s, 6H). 3C
NVR (75 MHz, CDCl ;) d: 158.9, 130.6, 129.0, 113.6, 79.6,
79.2, 77.5, 76.3, 72.6, 67.0, 55.3, 44.6, 37.4, 35.8,
30.3, 26.0, 24.7, 19.4, 18.3, 13.0, 7.5, 7.3, 7.0, -5.4,
-5.4. IR Spectroscopy (thin filnm 3502, 2955, 2876, 1613,
1587, 1514, 1463, 1415, 1389, 1361, 1302, 1249, 1172,
1097, 1004, 972, 837, 776, 742, 668(cm?'). HRVS-MALDI
(m z): Calcd for [ CasHesOsSi oNa] ¥, 635. 4139; f ound,
635.4127. Conbustion Analysis: Anal. calcd for GCsHesQOsSi,:
C, 64.66; H, 10.52; found C, 64.40; H, 10.66.

3,5-0Benzylidene-1-O[tert-Butyl (di nethyl)silyl]-
2,4,7,8-tetradeoxy-9- O (4-net hoxybenzyl)-2,4,8-tri net hyl -
6-Cnethyl-6-O (triethylsilyl)-L-threo-L-ido-nonitol (9)

Ph
TBSO OH OH OPMB TBSO o)\o OPMB
Me Me RO Me Me R =TES Me Me RO Me Me

To a solution of 8e (0.58 g, 0.95 mmol, 1.0 equiv) in
toluene (10 m) was added benzal dehyde dinmethyl acetal
(0.22 g, 1.5 mmol, 1.5 equiv) and CSA (0.023 g, 0.099



mmol, 0.10 equiv). The solution was stirred at rt and 70
nbar for 1.5 h, then saturated aqueous NaHCO; (10 m ) and
EtOAc (10 m) were added. The |ayers were separated and
t he aqueous phase was extracted with EtQAc (3 x 10 m).
The conbined organic phases were washed with brine (10
m), dried over anhydrous Na,SOQ,, and concentrated in
vacuo. The residue was purified by flash chromatography
(hexane/ Et QAc 15:1) to provide 9 (0.58 g, 87% yield) as a

clear, colorless oil.

R = 0.64 (3:1 hexane/ EtQAc). Specific Rotation [a]Z°® (c
1.225, CHO ;) = -1.5°. NWR Spectroscopy: H NVR (300 Mz,
cbd ) d 7.53-7.50 (m 2H), 7.38-7.31 (m 3H), 7.27-7.23
(m 2H), 6.90-6.85 (m 2H), 5.50 (s, 1H), 4.43 (s, 2H),
3.81 (s, 3H), 3.60 (d, 1H, J = 1.9 Hz), 3.55-3.50 (m
3H), 3.36 (dd, 1H, J = 8.71, 5.6 Hz), 3.15 (dd, 1H J =
8.7, 7.5 Hz), 1.96-1.86 (m 3H), 1.55 (dd, 1H, J = 13.7,
4.4 Hz), 1.42 (dd, 1H, J = 13.7, 5.9 Hz), 1.29 (s, 3H),
1.05 (d, 3H J =6.5 Hz), 1.05 (d, 3H, J = 6.5 Hz), 1.02
(d, 3H J = 6.9 Hz), 0.90 (s, 9H), 0.86 (t, 9H, J = 8.1
Hz) 0.51 (g, 6H, J = 8.1 Hz), 0.04 (s, 3H), 0.03 (s, 3H).
3C NWR (75 M4z, CDO;) d: 158.8, 139.1, 130.9, 128.9,
128.3, 127.8, 126.2, 113.6, 102.1, 87.1, 85.0, 78.0,
76.7, 72.5, 64.1, 55.3, 43.2, 36.3, 31.4, 29.4, 26.0,
24.9, 19.9, 18.3, 14.6, 8.4, 7.3, 6.8, -5.3, -5.4. IR
Spectroscopy (thin film 2953, 2874, 1612, 1587, 1514,
1406, 1360, 1302, 1249, 1141, 1101, 1305, 1010, 972, 836,
776, 741, 698 (cm?'). HRVS-MALDI (mz): Calcd for
[ CsoHesOsSi ,Na] ¥,  723.4452; found, 723.4439. Conbustion
Anal ysis: Anal. calcd for GCuHsgOSi,: C, 68.52; H 9.78;
found C, 68.44; H 9.79.



3,5-0Benzylidene-1-O[tert-butyl (dinmethyl)silyl]-
2,4,7,8-tetradeoxy-2,4,8-trinmethyl-6-C nethyl-6-0
(triethylsilyl)-L-threo-L-ido-nonitol (99)

TBSO (@] (@] OPMB TBSO O (@) OH
Me Me RO Me l\:/Ie R=TES Me Me RO Me l\:/le

At 0 °C, a solution of benzylidene acetal 9 (0.65 g, 0.93
mmol, 1.0 equiv) in CHC, (18 M) was treated with DDQ
(0.25 g, 1.1 mml, 1.2 equiv) and pH 7 buffer (0.030 m).
The green suspension slowy turned light brown. After
stirring for 2 h at 0 °C, the reaction was quenched wth
sat. ag. Na,S;0; (5 m) and sat. ag. NaHCO; (60 ml). The
two layers were separated and the aqueous |ayer was
extracted with CHO, (3 x 20 m). The organic solution
was washed with brine (20 m), dried over anhydrous
Na,SO,, filtered over Na,SO,, and concentrated under
reduced pressure. The light yellow residue was purified
by flash chromatography (hexane/EtOAc 7:1) to afford
primary alcohol 99 (0.46 g, 85% vyield) as clear,

colorless oil.

R = 0.51 (3:1 hexane/ EtOAc). Specific Rotation [a]>* (c
1.055, CHC ;) = +8.1°. NWR Spectroscopy: *'H NWR (300 Mz,
CDCO5) d 7.53-7.50 (m 2H), 7.40-7.33 (m 3H), 5.51 (s,
1H), 3.67 (d, 1H, J = 1.9 Hz), 3.58-3.48 (m 4H), 3.38-
3.30 (m 1H), 2.44 (t, 1H, J = 5.5 Hz), 2.00-1.87 (m
3H), 1.66 (dd, 1H J = 14.3, 5.91 Hz), 1.41 (dd, 1H J =
14.0, 4.1 Hz), 1.34 (s, 3H), 1.06 (d, 3H J = 6.5 Hz),
1.03 (d, 3H, J = 6.5 Hz), 0.98 (d, 3H, J = 6.9 Hz), 0.90
(s, 9H), 0.86 (t, 9H, J = 7.5 Hz), 0.59-0.51 (m 6H),

0.05 (s, 3H), 0.05 (s, 3H. 3C NWR (75 Mz, CDds) d
139.2, 128.8, 128.3, 126.7, 102.6, 88.2, 85.5 78.8,



69.3, 64.5, 43.5, 36.5, 31.7, 31.2, 26.1, 24.4, 20.0,
18.5, 14.7, 8.5, 7.3, 6.6, -5.3, -5.3. IR Spectroscopy
(thin film 3436, 2954, 2875, 1947, 1458, 1406, 1376,
1349, 1311, 1253, 1213, 1111, 1065, 1033, 1010, 915, 837,
776, 742, 698, 674 (cm?'). HRVS-MALDI (mz): Calcd for
[ CoHsoOSi 5Na] ¥, 603. 3877; f ound, 603. 3870. Combust i on
Anal ysis: Anal. calcd for GCpHoGOSi,: C 66.15; H 10.41;
found C, 66.27; H, 10.58.

5,7-0 Benzylidene-9-O[tert-butyl (dinmethyl)silyl]-
2,3,6,8-tetradeoxy-2,6,8-trinethyl-4-Cnethyl-4-0
(triethylsilyl)-L-threo-L-ido-nonose (9h)

TBSO (e} (@] OH TBSO (e} (@] IO
Me Me RO Me I\:/Ie R =TES Me Me RO Me I\:/Ie

To a biphasic solution of 9g (0.46 g, 0.79 nmml, 1.0
equiv), TEMPO (0.019 g, 0.12 mmol, 0.15 equiv), and KBr
(0.0092 g, 0.079 mml, 0.10 equiv) in CHCO, (8.0 nmM) and
pH 8.6 buffer (8.0 m) was slowy added NaOd (0.5 Min
HO 6.3 mM, 3.2 nmol, 4,0 equiv) at 0 °C. After 10 m n,
HO (5 M) and CHCO, (10 mM) were added. The two |ayers
were separated and the aqueous |ayer was extracted with
CHCO, (3 x 10 mM). The organic solution was washed wth
brine (10 m), dried over Na,SQ, and concentrated in
vacuo. The light orange oil was used wthout further

purification.

R = 0.65 (3:1 hexane/ Et OAc). NVR Spectroscopy: *HNWR (300
Mz, CDO3) d 9.48 (d, 1H J = 3.1 Hz), 7.52-7.49 (m
2H), 7.40-7.33 (m 3H), 5.46 (s, 1H), 3.62 (d, 1H J =
1.9 Hz), 3.58-3.48 (m 3H), 2.67-2.61 (m 1H), 2.15 (dd,



1H, J = 14.0, 9.3 Hz), 1.96-1.87 (m 2H), 1.45 (dd, 1H, J
= 14.3, 3.11 Hz), 1.32, (s, 3H), 1.08 (d, 3H J = 5.3
Hz), 1.06 (d, 3H, J = 7.16 Hz), 1.04 (d, 3H, J = 7.2 Hz),
0.91 (s, 9H), 0.87 (t, 9H, J = 7.5 Hz), 0.53 (g, 6H, J =
7.5 Hz), 0.05 (s, 3H), 0.05 (s, 3H).

5,7-0O Benzylidene-9-O[tert-butyl (dinmethyl)silyl]-
2,3,6,8-tetradeoxy-2,6, 8-trinmethyl -4-C nethyl-4-0
(triethylsilyl)-L-threo-L-ido-nonose oxine (10)

Ph Ph
P A _OH
TBSO (@] O (0] TBSO (@] (@] N
I . I
Me Me RO Me l\:/le R=TES Me Me RO Me l\:/Ie

A solution of hydroxylam ne hydrochloride (0.11 g, 1.6
mml, 2.0 equiv) in pyridine (1.6 m) was added to a
sol ution of aldehyde 99 (0.46 g, 0.79 mmol, 1.0 equiv) in
EtOH (8.0 m) and stirred for 20 mn at rt. The |ight
green solution was quenched with 1 N HO (20 ml) and the
aqueous |ayer was extracted with EtOAC (3 x 10 m ). The
conbined organic solutions were washed with brine (10
m), dried over Na,SO,, and concentrated under reduced
pressure. Purification by fl ash chr omat ogr aphy
(hexane/ Et OAc 7:1) provided oxinme 10 (0.40 g, 85% yield

over two steps) as a mxture of E/Z isoners (~ 1.5:1).

R = 0.56, 0.51°" (3:1 hexane/EtOAc, “denotes mi nor
i somer). Specific Rotation [a]2°(c 1.185, CHCO ;) = -5.9°.
NVR Spectroscopy: 'H NVR (300 MHz, CDd 3 ‘denotes ninor
isomer) d 7.53-7.50 (m 2H), 7.39-7.29 (m 3H), 6.75
(s(br), 1H), 6.63 (d, 1H, 7.8 Hz), 5.53 (s, 1H), 5.51 (s,
1H), 3.68 (d, 1H, J = 1.9 Hz), 3.63 (d, 1H J = 1.9 Hz),
3.60-3.49 (m 3H), 3.34-3.30° (m 1H), 2.70-2.61 (m 1H),



1.94-1.87 (m 1H), 1.77-1.71 (m 1H), 1.68-1.60" (m 1H),
1.29 (s, 3H), 1.29" (s, 3H), 1.11 (d, 3H J = 6.9 Hz),
1.07 (d, 3H, J 6.54 Hz), 1.06" (d, 3H J = 6.54 Hz),
1.04 (d, 3H J = 6.5 Hz), 0.91° (s, 9H), 0.91 (s, 9H),
0.88 (t, 9H, J = 7.5 Hz), 0.55 (g, 6H, J = 7.8 Hz), 0.06
(s, 3H), 0.05 (s, 3H), 0.05 (s, 3H. C NWR (75 M,
CDCl ;, ‘denotes mnor isomer) d 158.5°, 157.6, 139.4,

*

139.4, 128.7°, 128.2, 126.5, 102.4, 87.2, 87.1", 85.4,
64.4, 45.2°, 44.7, 36.6, 36.5, 31.6, 30.6, 26.1, 26.0,

25.5, 25.2°, 20.9, 19.5, 18.5, 14.6, 8.6, 7.4, 6.9, 6.8,
-5.2, -5.3. IR Spectroscopy (thin film 3255, 3036, 2955,
2875, 1948, 1805, 1662, 1457, 1407, 1377, 1348, 1311,
1252, 1212, 1111, 1068, 1030, 971, 911, 837, 811, 776,
741, 698, 672 (cm'). HRVB-MALDI (miz): Calcd for
[ CsoHsgNGSi oNa] *,  616.3829; found, 616.3823. Conbustion
Anal ysis: Anal. calcd for GC;HoNOSi,: C, 64.71; H 10.01;

found C, 64.48; H, 9.93.

3,5-0Benzylidene-7-O[tert-butyl (dinethyl)silyl]-1,4,6-
trideoxy-2-C ((2R)-2-{(4S,5R)-5-[(1R)-1- hydroxyet hyl ] - 4-
met hyl - 4, 5- di hydr oi soxazol - 3-yl } propyl ) - 4, 6-di net hyl - 2- O
(triethylsilyl)-L-glycero-bgul o-heptitol (11)

Ph Ph

A _OH BN

TBSO O © N TBSO O O N—O

| > | Me

R =TES

Me Me RO Me Me Me Me RO Me Me Me OH

To a solution of (R-(Z2)-3-penten-2-ol (3) (0.091 g, 1.1
mml, 1.3 equiv) and 2-propanol (0.21 m, 2.7 nmol, 3.3
equiv) in CHC, (40 mM) at 0 °C was added EtMgBr (3 M in
Et,O 0.81 m, 2.4 mvol, 3.0 equiv). The reaction m xture
turns nonentarily cloudy, becomng clear and colorless
upon stirring at 0 °C for 30 mn. At this tine, the



hydroxi m noyl chloride, prepared by addition of t-
butyl hypochlorite (0.120 m, 0.89 mmol, 1.1 equiv) to a
solution of oxime 10 (0.48 g, 0.81 mml, 1.0 equiv) in
CHd, (8.0 mM) at -78 °C and stirring for 1.5 h, was
added dropwise via cannula to the reaction to give a
slightly yellow solution. It was allowed to warm to rt
and stirred for 2 h. The reaction was quenched by the
addition of sat. ag. N4/ (20 m) and the two | ayers were
separated. The aqueous |ayer was extracted with CHO, (3
X 20 m). The conbi ned organic solutions were washed with
brine (20 m), dried over anhydrous  Na,SO, and
concentrated under reduced pressure. Purification by
flash chr omat ogr aphy (4:1 hexane/ Et QAc) provi ded
I soxazoline 11 (0.52 g, 86% yield) as a clear, colorless
oil and as a single diastereomer by H NWVR and ¥C NWR

anal ysi s.

R = 0.31 (3:1 hexane/ EtQAc). Specific Rotation [a]®° (c
1.080, CHO ;) = -13°. NWR Spectroscopy: H NVR (300 Mz,
chd ;) d 7.60-7.50 (m 2H), 7.39-7.32 (m 3H), 5.50 (s,
1H), 4.19 (dd, 1H, J = 9.7, 5.0 Hz), 3.97-3.89 (m 1H),
3.6 (d, 1H, J = 1.9 Hz), 3.56-3.46 (m 3H), 3.33-3.23 (m
1H), 2.82-2.77 (m 1H), 2.20 (dd, 1H J = 14.0, 5.3 Hz),
1.98 (d, 1H J = 6.5 Hz), 1.95-1.88 (m 2H), 1.77 (dd,
1H, J = 13.7, 5.3 Hz), 1.30 (s, 3H), 1.27 (d, 3H J = 6.5
Hz), 1.23 (d, 3H, J = 6.2 Hz), 1.18 (d, 3H, J = 7.5 Hz),
1.08 (d, 34 J = 6.9 Hz), 1.05 (d, 3H, J = 6.5 Hz), 0.90
(s, 9H), 0.88 (t, 9H, J = 7.5 Hz), 0.55 (g, 6H, J = 7.8

Hz), 0.05 (s, 6H). C NWMR (75 Mz, CDO ;) d 168. 2,
139.0, 128.4, 127.9, 126.2, 102.2, 87.0, 86.0, 85.1,
77.6, 66.2, 64.1, 44.2, 42.3, 36.5, 31.4, 27.8, 26.0,
25.3, 21.8, 20.4, 18.4, 14.6, 10.9, 8.5, 7.3, 6.8, -5.3.
| R Spectroscopy (thin film 3458, 2955, 2933, 2876, 1616,
1458, 1406, 1377, 1348, 1253, 1212, 1134, 1110, 1031,



1007, 975, 901, 837, 776, 743, 698, 671 (cm?'). HRVS- MALDI
(mz): Calcd for [ Cs7Hs7NGsSi ,Na] ™, 700. 4405; found,
700. 4408.

2-C{(2R)-2-[(4S,5R) - 5- Acetyl - 4- net hyl - 4, 5-

di hydr oi soxazol - 3-yl ] propyl }-3,5-0O benzylidene-7-O[tert-
butyl (di methyl)silyl]-1,4,6-trideoxy-4, 6-dinethyl-2-0
(triethylsilyl)-L-glycero-p-gulo-heptitol (11b)

Ph Ph
TBSO o)\o N—O TBSO o)\o N—O
! Me > l
Me Me RO Me Me Me OH R=TES Me Me RO Me Me Me O

To a biphasic solution of isoxazoline 11 (0.52 g, 0.77
mol, 1.0 equiv), TEMPO (0.018 g, 0.12 mmol, 0.15 equiv),
and KBr (0.0090 g, 0.077 nmmol, 0.10 equiv) in CHCO, (8.0
m) and pH 8.6 buffer (8.0 m) was slowy added NaOC
(0.5 Min O 6.1 mM, 3.1 mol, 4.0 equiv) at 0 °C. After
stirring for 1 h at 0 °C, the tw |layers were separated
and the aqueous |ayer was extracted with CHCO, (3 x 10
m ). The organic solution was washed with brine (10 m),
dried over Na,SO,, and concentrated in vacuo. The residue
was purified by flash chromatography (hexane/ Et OAc 6:1)
to afford ketone 11b (0.48 g, 93% yield) as colorless

oil.

R = 0.50 (3:1 hexane/ EtQAc). Specific Rotation [a]%® (c
1.205, CHO ;) = +13°. NWVR Spectroscopy: H NVR (300 Mz,
cDd ;) d 7.52-7.49 (m 2H), 7.40-7.33 (m 3H), 5.50 (s,
1H), 4.75 (d, 1H J = 10.9 Hz), 3.60 (m 4H), 3.52 (d,
1H, J = 4.1 Hz), 2.90-2.85 (m 1H), 2.25 (s, 3H), 2.21
(dd, 1H, J = 14.0, 5.3 Hz), 1.93-1.88 (m 2H), 1.76 (dd,

Me



1H, J = 14.0, 5.3 Hz), 1.33 (s, 3H), 1.23 (d, 3H J = 7.2
Hz), 1.08 (d, 3H J = 6.2 Hz), 1.06 (d, 3H J = 7.2 Hz),
1.05 (d, 3H, J = 6.5 Hz), 0.90 (s, 9H), 0.86 (t, 9H, J =
7.8 Hz), 0.55 (q, 6H, J = 7.8 Hz), 0.06 (s, 6H). *C NMR

(75 MHz, CDO3;) d: 208.4, 166.7, 138.9, 128.5, 128.0,
126.2, 102.3, 87.5, 87.2, 85.1, 77.5, 64.1, 46.7, 42.3,
36.5, 31.4, 28.4, 27.6, 26.0, 25.2, 21.7, 18.4, 14.6,
12.1, 8.5, 7.3, 6.8, -5.3. IR Spectroscopy (thin film
2955, 2876, 1716, 1458, 1407, 1377, 1356, 1252, 1135,
1111, 0131, 1007, 973, 914, 837, 811, 837, 776, 742, 698,
674 (cm?). HRVB-MALDI (mfz): Calcd for [ Cs7HssNOsSi oNa] ™,
698. 4248; found, 698.4234.

3,5-0Benzylidene-7-O[tert-butyl (dinethyl)silyl]-1,4,6-
trideoxy-4, 6-di met hyl -2-C ((2R)-2-{(4S, 5R) - 4- net hyl - 5-
[(1Z)-1- et hyl but-1-en-1-yl]-4,5-di hydroi soxazol - 3-

yl }propyl -2-O (triethylsilyl)-L-glycero-D gul o-heptitol
(11c)

Ph Ph

A A

TBSO O O N—O TBSO O O N—0O

I Me - I _

R=TES

Me Me RO Me Me Me O

Me Me RO Me Me Me Me

At -78 °C, tBuLi (1.7 min pentane, 1.9 m, 3.2 mol, 5.0
equi v) was added to a suspensi on of
propyl tri phenyl phosphoni um bromde (1.5 g, 3.8 mmvol, 6.0
equiv) in THF (60 m). The reaction m xture slowy turned
red, was allowed to warmto rt, and stirred for 2 h. The
dark red suspension was cooled to -78 °C before a
solution of ketone 11b (0.43 g, 0.64 mmol, 1.0 equiv) in
THF (6.0 m) was added dropwi se via cannula. The red

mxture was slowy warnmed to rt and stirred for 15 h. To

Me



t he orange suspension was added HO (50 m) and Et,O (50
m) and the two |ayers were separated. The aqueous phase
was extracted with Et,O (3 x 20 m ). The conbi ned organics
were washed wth HO (3% in HO 50 m) and brine (20
m), dried over Na,SO,, and concentrated under reduced
pressure. Purification by flash chr omat ogr aphy
(hexane/ Et CAc 15:1) provided olefine 11c (0.35 g, 78%
yield) as clear, colorless oil and 33:1 mxture of ZE
di astereoners, acconpanied with 0.020 g of recovered
ket one 11b (5% .

R = 0.65 (3:1 hexane/ EtQAc). Specific Rotation [a]?* (c
1.190, CHO ;) = +13°. NWR Spectroscopy: H NVR (300 Mz,
CDC ;) d 7.53-7.49 (m 2H), 7.39-7.30 (m 3H), 5.51 (s,
1H), 5.35 (t, 1H, J = 7.3 Hz), 5.30 (d, 1H J = 10.6 Hz),
3.61 (d, 1H, J = 1.9 Hz), 3.57-3.46 (m 3H), 3.40-3.29
(m 1H), 2.86-2.78 (m 1H), 2.20 (dd, 1H J = 14.0, 5.0
Hz), 2.10-1.96 (m 1H), 1.93-1.84 (m 3H), 1.77 (dd, 1H,
J = 14.0, 5.6 Hz), 1.68 (d, 3H, J = 1.6 Hz), 1.32 (s,
3H), 1.23 (d, 3H, J = 7.2 Hz), 1.08 (d, 3H J = 7.8 Hz),
1.05 (d, 3H, J = 6.5 Hz), 1.00 (t, 3H J = 7.5 Hz), 0.96
(d, 3H J = 7.5 Hz), 0.90 (s, 9H), 0.87 (t, 9H, J = 7.8
Hz), 0.55 (q, 6H J = 7.8 Hz), 0.52 (s, 6H). 3C NWR (75
MHz, CDO ) d: 166.5, 139.0, 131.1, 130.8, 128.4, 127.9,
126.2, 102.2, 87.1, 85.1, 82.1, 77.6, 64.0, 45.5, 42.5,
36.5, 31.4, 28.0, 26.0, 25.2, 21.7, 21.2, 20.4, 18.4,
14.6, 14.4, 11.9, 8.4, 7.3, 6.8, -5.3. IR Spectroscopy
(thin film 2956, 2932, 2875, 1616, 1457, 1406, 1378,
1348, 1252, 1211, 1111, 1092, 1031, 1007, 973, 924, 837,
776, 742, 698, 671 (cm'). HRMS-MALDI (mz): Calcd for
[ CsoH/1NGsSi ,Na] ¥, 724.4768; found, 724.4755.



3,5-0Benzylidene-7-O[tert-butyl (dinethyl)silyl]-1,4,6-
trideoxy-2-C ((2R)-2-{(4S,5R) -5-[(2R) - 2- hydroxy-1, 1-

di met hyl butyl ] - 4- met hyl - 4, 5- di hydr oi soxazol - 3-yl }propyl) -
4,6-dinmethyl-2-O (triethylsilyl)-L-glycero-b-gul o-heptitol
(12)

Ph Ph

A

TBSO O O

Me Me RO Me l\:/Ie Me Me

R =TES & z &
Me Me RO Me Me Me HO Me

To a solution of olefine 11c (380 ng, 0.54 mol, 1.0
equiv) in tBuOH (5.0 m) and HO (5.0 m) was added
(DHQD) ,PHAL (84 ngy, 0.11 nmmol, 0.20 equiv), KFe(CN)g (530
mg, 1.6 nmmol, 3.0 equiv), KCO; (220 ng, 1.6 mmol, 3.0
equi v), and nethanesul fonylamde (160 ng, 1.6 mol, 3.0
equiv). The biphasic mxture was cooled to 0O °C before
KoOs Q- HLO (8.0 ng, 0.020 mol, 0.04 equiv) was added. The
suspension slowy turned brown and was stirred for 3.5 h
at 0 °C. Then it was quenched with sat. ag. Na,S0; (10
m) and extracted with EtOAc (4 x 10 m). The organic
solution was washed wth brine (10 m), dried over
anhydrous Na,SO,, and concentrated in vacuo. Purification
by flash chromatography (hexane/EtOAc 6:1 — 3:1) provided
diol 12 (320 ny, 81% yield) as a clear, colorless oil and

as a single diastereomer by H NVR and ¥*C NMR anal ysi s.

R = 0.30 (3:1 hexane/ EtQAc). Specific Rotation [a]%° (c
0.590, CHO 3) = +9.9°. NMR Spectroscopy: H NWR (300 Mz,
CDA,) d: 7.53-7.49 (m 2H), 7.39-7.32 (m 3H), 5.50 (s,
1H), 4.25 (d, 1H, J = 8.4 Hz), 3.61 (d, 1H, J = 1.6 Hz),
3.55-3.46 (m 3H), 3.28 (s, 1H), 3.24-3.12 (m 2H), 2.82-
2.76 (m 1H), 2.26-2.19 (m 2H), 1.92-1.88 (m 2H), 1.78
(dd, 1H, J = 14.0, 5.6 Hz), 1.71-1.65 (m 1H), 1.46-1.33



(m 1H), 1.31 (s, 3H), 1.29 (d, 3H, J = 8.4 Hz), 1.23 (d,
3H, J = 7.2 Hz), 1.23 (s, 3H), 1.09 (t, 3H J = 7.2 Hz),
1.08 (d, 3H, J = 6.9 Hz), 1.05 (d, 3H, J = 6.5 Hz), 0.90
(s, 9H), 0.88 (t, 9H, J = 7.8 Hz), 0.55 (q, 6H J = 7.8
Hz), 0.05 (s, 6H). ™C NW (75 Mz, CDC3) d 170.5,
139.3, 128.7, 128.2, 126.5, 102.5, 87.2, 86.0, 85.3,
82.4, 77.8, 73.7, 64.2, 45.7, 42.6, 36.6, 31.6, 28.0,
26.1, 25.5, 25.5, 22.4, 21.1, 18.4, 14.7, 13.3, 11.8,
8.5 7.4, 6.9, -5.2. IR Spectroscopy (thin filnm 3531,
2956, 1610, 1457, 1406, 1379, 1347, 1252, 1110, 1035,
1008, 975, 910, 837, 776, 735, 698, 672 (cm?'). HRVS- MALDI
(mz): Calcd for [ CisoH3NGO;Si ,Na] ™, 758. 4823; f ound,
758. 4810.

3,5-0 Benzyl idene-1, 4, 6-trideoxy-2-C ((2R)-2-{(4S, 5R) -5-
[ (1R 2R) -1, 2-di hydr oxy- 1- net hyl but yl | - 4- et hyl - 4, 5-

di hydr oi soxazol - 3-yl } propyl ) -4, 6-di net hyl -2-0O
(triethylsilyl)-L-glycero-bp-gulo-heptitol (12e)

j\h j\h
TBSO O~ O N—O OH HO O~ O N—O O
| : Me o | :
Me Me RO Me Me Me HO Me R=TES Me Me RO Me Me Me HO Me

At 0 °C, HF-pyridine (1.0 nMl) was added to a solution of
diol 12 (320 ng, 0.44 mmol, 1.0 equiv) in pyridine (3.0
m). The solution was stirred for 3 h at 0 °C and then
guenched with HO (2 m) and solid NaHCO; (2.5 Q)
(careful!). The biphasic m xture was extracted with Et OAc
(5 x 5 mM). The conbined organic solutions were washed
with 1 N HJd (50 m) and brine (5 m), dried over
anhydrous Na,SQ,, and concentrated under reduced pressure.

Purification by flash chromatography (hexane/EtQAc 1:1 -



1:3) afforded triol 12e (220 ng, 80% yield) as a

col orl ess foam

R = 0.18 (1:1 hexane/ EtQAc). Specific Rotation [a]%® (c
2.650, CHO ;) = -14°. NVWR Spectroscopy: H NWVR (300 Mz,
CDC ;) d 7.53-7.49 (m 2H), 7.39-7.32 (m 3H), 5.50 (s,
1H), 4.34 (d, 1H, J = 8.7 Hz), 3.70 (d, 1H J = 1.0 Hz),
3.68-3.53 (m 4H), 3.32-3.18 (m 2H), 2.92-2.86 (m 1H),
2.43-2.22 (m 3H), 2.06-2.00 (m 1H), 1.90-1.83 (m 1H)),
1.74-1.67 (m 1H), 1.62 (dd, 1H J = 14.5, 4.9 Hz), 1.45-
1.40 (m 1H), 1.36 (d, 3H, J = 7.6 Hz), 1.34 (s, 3H,
1.24 (d, 3H, J =8.9 Hz), 1.23 (s, 3H), 1.08 (t, 3H, J =
7.1 Hz), 1.09 (d, 3H J = 6.5 Hz), 1.02 (d, 3H J = 6.7
Hz), 0.85 (t, 9H, J = 7.8 Hz), 0.51 (g, 6H J = 7.8 Hz).
BC NWR (75 MHz, CDOl3) d 170.1, 138.8, 128.5, 127.9,
126.3, 102.5, 86.8, 85.7, 84.3, 81.4, 78.0, 73.9, 63.3,
45.3, 42.6, 36.0, 31.2, 27.0, 26.0, 25.1, 22.5, 20.5,
14.1, 13.1, 11.7, 8.1, 7.3, 6.7. IR Spectroscopy (thin
film 3414, 2957, 2875, 1457, 1406, 1376, 1350, 1311,
1238, 1215, 1132, 1105, 1050, 1029, 1013, 974, 743, 698
(cm?). HRVS- MALDI  (miz): Calcd for [ GCyHsoNO,Si Na] ¥,
644. 3958; found, 644.3945.



3,5-0 Benzylidene-2,4,7-trideoxy-6-C ((2R)-2-{(4S, 5R) - 5-
[ (2R) - 2- hydr oxy- 1, 1-di et hyl butyl ] - 4- net hyl - 4, 5-

di hydr oi soxazol - 3-yl } propyl ) -2, 4-di met hyl - 3, 5- O ( 1-

nmet hyl et hyl i dene)-6-O (triethylsilyl)-L-glycero-L-ido-
hept anal (12f)

Ph Ph

PN A

HO O O NI_O

IIIO
T
O
o
O

N—O OH
Me > l ~ Me
R =TES k

Me Me RO Me Me Me HO Me

Me Me RO Me Me Me HO Me

To a biphasic solution of triol 12e (220 ng, 0.35 mol,
1.0 equiv), TEMPO (8.3 ng, 0.053 mmol, 0.15 equiv), and
KBr (4.1 ng, 0.035 mmol, 0.10 equiv) in CHdA, (4.0 m)
and pH 8.6 buffer (4.0 m) was slowy added NaOC (0.5 w™
in HO 2.8 m, 1.4 mol, 4.0 equiv) at 0 °C After
stirring for 30 mn at O °C, the tw layers were
separated and the aqueous |ayer was extracted with GLd ,
(3 x 5 mM). The organic solution was washed with brine
(10 m), dried over Na,SOQ,, and concentrated in vacuo.
Crude al dehyde 12f (0.48 g, 93% yield) was used w thout

further purification.



3,5-0 Benzyl idene-2,4,7-trideoxy-6-C ((2R)-2-{(4S, 5R) - 5-
[ (2R) - 2- hydr oxy- 1, 1-di et hyl butyl ] - 4- net hyl - 4, 5-

di hydr oi soxazol - 3-yl } propyl ) -2, 4-di net hyl - 3, 5- O ( 1-

met hyl et hyl i dene)-6-O (triethylsilyl)-L-glycero-L-ido-
heptoni ¢ acid (13)

Ph Ph

O O (@] N—O OH (0] (@] (@] N—O OH
~ Me > l ~ Me
v HO 4 z

Me Me RO Me Me Me HO Me R=TES Me Me RO Me Me Me HO Me

At 0 °C, a prem xed solution of 2nethyl-2-butene (0.19
m, 1.8 mol, 5.0 equiv) and Nad O, (96 ng, 1.1 mmol, 3
equiv) in tBuOH (9.0 mM) and pH 3.8 buffer (1.8 m) was
added to al dehyde 12f (220 ng, 0.35 mml, 1.0 equiv).
After stirring for 30 mn at 0 °C, nore pH 3.8 buffer
(3.0 M) was added and the solution was extracted wth
EtOAc (6 x 5 m). The organic solution was washed wth
brine (5 m), dried over anhydr ous Na, SOy, and
concentrated under reduced pressure. Purifiaction by
flash chromatography (hexane/EtOAc 2:1 - 2:1+1% HOAcC)
provi ded erythronolide A seco acid 13 (190 ng, 83% yield

over two steps) as a clear, colorless oil.

R = 0.38 (1:1 hexane/EtCAc + 1% HOAc). Specific Rotation
[a]®* (¢ 2.650, CHO ;) = -32°. NMR Spectroscopy: 'HNWR (300

Mz, CDOl5) d: 7.51-7.46 (m 2H), 7.40-7.32 (m 3H), 5.51
(s, 1H), 4.40 (d, 1H J = 9.1 Hz), 3.75 (s, 1H), 3.73
(dd, 1H, J = 10.0, 0.8 Hz), 3.39 (d, 1H J = 9.5 Hz),
3.29-3.24 (m 1H), 2.81-2.74 (m 2H), 2.45 (dd, 1H, J =
14.7, 3.4 Hz), 1.96-1.91 (m 1H), 1.74-1.68 (m 1H), 1.55
(dd, 1H, J = 14.6, 5.0 Hz), 1.48-1.42 (m 1H), 1.37 (d,
3H J = 7.4 Hz), 1.33 (s, 3H), 1.27 (d, 3H, J = 6.7 Hz),
1.24 (s, 3H), 1.23 (d, 3H J = 5.5 Hz), 1.09 (t, 3H, J =
6.1 Hz), 1.08 (d, 3H, J = 6.5 Hz), 0.85 (t, 9H 8.0 Hz),



0.50 (g, 6H J = 8.0 Hz). 'C NWRR (75 M#z, CDd3j) d
176.6, 169.3, 138.5, 128.7, 128.0, 126.4, 102.6, 86.7,
85.8, 82.0, 81.8, 78.2, 74.2, 45.2, 42.3, 41.4, 32.1,
26.9, 26.1, 24.9, 22.5, 20.7, 14.8, 12.9, 11.7, 8.1, 7.3,
6.7. IR Spectroscopy (thin filn) 3450, 2957, 2876, 1722,
1457, 1407, 1379, 1348, 1312, 1274, 1239, 1215, 1129,
1105, 1065, 1028, 1007, 976, 938, 912, 884, 757, 698, 668
(cm?). HRMS- MAL DI (mz): Calcd for [ CaaHs7NO:SI Naj ™,
658. 3751; found, 658.3739.

(1R 2R 4R 8R 9R 10R 13R, 14S, 18S, 19S) - 10- Et hyl - 9- hydr oxy-
2,4,9,13, 18, 19- hexanet hyl - 16- phenyl - 2-
[(triethylsilyl)oxy]-7,11,15,17-tetraoxa- 6-
azatricycI0[12.3.1.158]nonadec-5-en-12-one (14)

4 4

Me Me RO Me Me Me HO Me

R =TES

To a solution of acid 13 (136 ng, 0.214 mol, 1.00 equiv)

in THF (4.00 M) was added triethylamne (179 m, 1.28
nmmol, 6.00 equiv) and 2,4,6-trichl orobenzoyl chloride (167

m, 1.07 mmol, 5.00 equiv) at 0 °C. The solution turned
cl oudy and was stirred for 30 mn. The colorless
suspension was allowed to warmto rt and toluene (12.0
m ) was added. This cloudy reaction m xture was added to
a 50 °C solution of DVAP (261 ng, 2.14 mmol, 10.0 equi V)
in toluene (24.0 m) via syringe punp over 3 h. After
addition, the stirring was nmai ntai ned for another 45 mn

at 50 °C before the col orl ess suspension was filtered



over a plaque of silica gel (eluent hexane/EtQAc 1:1).
The filtrate was concentrated under reduced pressure.
Purification by flash chromatography (hexane/ EtQAc 10:1 -
6:1 — 3-1) provided nmacrol actone 14 (103 ng, 78% yi el d)
as a colorless foamand as a m xture of two atropi soners
(4:1).

R = 0.37 and 0.28 (3:1 hexane/ EtOAc, ‘denotes minor
i somer). Specific Rotation [a]Z® (¢ 0.730, CHO ) = -49°.
NVR Spectroscopy: 'H NVR (300 MHz, CDd ; ‘denotes ninor
isoner) d. 7.53-7.46 (m 2H), 7.39-7.30 (m 3H), 5.58 (s,
1H), 5.43" (s, 1H), 5.03 (dd, 1H, J = 10.6, 2.5 Hz), 4.83
(dd, 1H, J = 9.0, 1.9 Hz), 4.49" (d, 1H J = 9.5 Hz), 4.15
(d, 1H J = 6.3 Hz), 4.10 (d, 1H, J = 1.4 Hz), 3.95 (dd,
1H, J = 8.2, 1.1 Hz), 3.90" (dd, 1H J = 6.3, 1.4 Hz),
3.62° (d, 1H, J = 1.3 Hz), 3.60-3.50 (m 1H), 2.91-2.82
(m 1H), 2.79-2.69 (m 1H), 2.17-2.05 (m 1H), 2.04 (s,
1H), 1.93-1.80 (m 1H), 1.81 (dd, 1H J = 15.1, 7.9 Hz),
1.72-1.64" (ddd, 1H, J = 14.4, 7.5, 2.1 Hz), 1.65-1.45 (m
3H), 1.41° (dd, 1H, J = 15.0, 1.6 Hz), 1.28 (s, 3H), 1.27
(d, 3H J = 6.9 Hz), 1.22 (d, 3H, J = 7.0 Hz), 1.18 (s,
3H), 1.17 (d, 3H, J = 7.0 Hz), 1.01 (d, 3H, J = 6.7 Hz),
0.96 (t, 3H J = 7.4 H), 0.85 (t, 9H J = 8.0 Hz), O0.50-
0.39 (m 6H. ¥C NW (75 Mz, CDOj; ‘denotes minor
isomer) d: 175.4, 172.3, 165.3°, 138.7, 128.5, 127.8,
126. 4, 102.7, 102.5, 86.9°, 85.4, 84.9", 84.3, 83.3,
82.3", 81.8, 79.1, 78.7°, 78.4, 78.2", 72.8, 47.4, 45.47,
43. 4", 42.0, 41.0, 34.4", 34.2, 27.8, 27.0, 26.4", 26.1",
25.6°, 23.0°, 22.6°, 21.4, 21.3, 17.5, 14.0, 12.6°, 11.27,
11.0, 10.3", 7.8, 7.3, 6.8. IR Spectroscopy (thin film
3438, 2954, 2876, 1741, 1456, 1379, 1349, 1236, 1159,
1129, 1080, 1007, 972, 908, 741, 699 (cm?'). HRVS-MALDI
(m z): Calcd for [ Cs4HssNO;Si Naj *, 640. 3645; f ound,
640. 3634.



(1R 2R 4R 8R, 9R, 10R, 13R, 14S, 16R, 18S, 19S) - 10- Et hyl - 2, 9-

di hydroxy-2, 4, 9, 13, 18, 19- hexanet hyl - 16- phenyl -7, 11, 15, 17-
tetraoxa-6-azatricycl0[12.3.1.158]nonadec-5-en-12-one
(14b)

To a solution of macrolactone 14 (39 ng, 0.069 mmol, 1.0
equiv) in CHCN (0.50 m) was added triethylamne (0.050
m) and HF-NEt; (0.50 ml). The clear solution was stirred
for 64 h at 30 °C. The reaction was slowy quenched with
sat. aq. NaHCO; (5 ml) and extracted with EtOAc (5 x 5
m). The organic solution was washed with brine (2 m),
dried over anhydrous Na,SOQ,, and concentrated in vacuo.
Purification by flash chromatography (hexane/EtOAc 1:1)
afforded diol 14b (32 ng, > 99% vyield) as a clear,

colorless oil and as a 9:1 m xture of atropi soners.

R = 0.24 (3:1 hexane/ EtQAc). Specific Rotation [a]®’ (c
0.190, CHO ;) = -32°. NMR Spectroscopy: 'H NWVR (300 Mz,

CDCl ;, “denotes minor isoner) d 7.50-7.46 (m 2H), 7.40-
7.35 (m 3H), 5.64 (s, 1H), 5.46" (s, 1H), 4.97 (dd, 1H J
= 10.4, 2.7 Hz), 4.84" (dd, 1H, J = 11.0, 1.8 Hz), 4.51°
(d, 1H, J = 10.2 Hz), 4.30 (s, 1H), 4.19 (d, 1H, J = 6.3
Hz), 4.15 (d, 1H, J = 6.3 Hz), 3.96 (dd, 1H J =7.3, 1.1
Hz), 3.64" (s, 1H), 3.59-3.49 (m 1H), 2.95-2.84 (m 1H),
2.80 (d, 1H, J = 1.8 Hz), 2.78-2.69 (m 1H), 2.15-2.07
(m 1H), 2.02 (s, 1H), 1.92-1.83 (m 1H), 1.77 (dd, 1H, J



= 15.6, 8.6 Hz), 1.66-1.45 (m 3H), 1.27 (d, 3H, J = 6.6
Hz), 1.26 (s, 3H), 1.24 (d, 3H J = 7.2 Hz), 1.2 (s, 3H),
1.19 (d, 3H, J = 7.2 Hz), 1.04 (d, 3H J = 6.7 Hz), 0.97
(t, 3H, J = 7.4 Hz). ¥C NW\R (75 MHz, CDO ;, “denotes minor
isomer) d: 175.9, 172.6, 139.0°, 138.8, 129.1, 128.4,
126.5, 102.9, 85.6, 85.0°, 83.7, 83.1", 82.2", 81.9, 79.8,
79.4", 75.0, 74.7°, 73.2, 73.0°, 45.5", 44.3, 42.3, 41.0,
34.5", 34.3, 28.0, 27.0, 26.5", 26.1°, 25.7°, 23.1°, 22.2°,
21.8, 21.2, 17.8, 13.4, 12.8, 11.9°, 11.2, 10.7°, 10.4",
7.8, 7.7. IR Spectroscopy (thin film 3437, 2975, 2936,
2878, 1740, 1455, 1378, 1352, 1161, 1124, 1091, 1071,
1049, 1014, 980, 954, 894, 756, 700, 668 (cm?'). HRVS-
MALDI (mz): Calcd for [GCgHiNONa]*, 526.2781; found,
526. 2769.

3,5-0 Benzyl i dene erythronolide A 15

To a solution of the diol 14b (15 ng, 0.030 mmol, 1.0

equiv) in EtOH (0.38 mM) was added acetic acid (8.5 n,

0.15 mmol, 5.0 equiv) and Raney-N (W2, spatula tip). The
Schl enk flask was purged several tinmes with H. The bl ack
suspension was stirred rapidly under an atnosphere of H
for 20 mn. The black reaction mxture was filtered over

celite and eluted wth CH,d 5. The filtrate was
concentr at ed in vacuo. Purification by fl ash
chr omat ogr aphy (hexane/ Et OAc 2:1) provided 15 (14 ng, 93%

yield) as a clear, colorless oil.



R = 0.35 (1:1 hexane/ EtOAc). Specific Rotation [a]?’ (c
0.107, CHO ;) = -36°. NMR Spectroscopy: 'H NVR (300 Mz,
CDCl ;) d 7.53-7.49 (m 2H), 7.43-7.38 (m 3H), 5.68 (s,
1H),4.87 (dd, 1H, J = 10.7, 1.8 Hz), 4.01 (d, 1H J = 1.1
Hz), 3.83 (dd, 1H, J = 10.0, 0.8 Hz), 3.77-3.74 (m 1H)),
3.23 (d, 1H, J = 5.4 Hz), 3.07-3.02 (m 1H), 2.97 (dd,
1H, J = 10.8, 6.5 Hz), 2.95-2.85 (m 1H), 2.57 (s, 1H),
2.29 (s, 1H), 2.05-1.93 (m 1H), 1.79-1.75 (m 1H), 1.72-
1.70 (m 2H), 1.63-1.52 (m 1H), 1.35 (d, 3H J = 6.3
Hz), 1.34 (s, 3H), 1.29 (d, 3H J = 6.6 Hz), 1.21 (d, 3H,
J=7.1H), 1.18 (d, 3H J = 6.6 Hz), 1.10 (s, 3H), 0.91
(t, 3H J = 7.3 Hz). 'C NWR (75 M, CDdj) d 215.3,
176.4, 137.7, 129.1, 128.2, 126.1, 103.3, 86.4, 84.3,
79.0, 75.3, 74.5, 70.3, 46.0, 41.7, 40.9, 38.3, 32.8,
26.8, 21.2, 18.4, 16.2, 13.6, 11.6, 11.0, 7.9. IR
Spectroscopy (thin film 3488, 2978, 2938, 2879, 1707,
1456, 1374, 1282, 1175, 1104, 1074, 1047, 1028, 1005,
975, 907, 835, 758, 700, 667 (cm'). HRVB-MALDI (m2z):
Cal cd for [CuHiyO:Si Na]*, 529.2777; found, 529.2765.

Eryt hronolide A (1)

Y

To a solution of ketone 15 (12 ng, 0.024 nmol, 1.0 equivV)
in MeOH (0.40 m) was added Pd(QAc), (20 ng, 0.089 mmol,
3.8 equiv) and HO (0.030 m). The brown solution was

purged several tinmes with H, and a black precipitate



appeared. After 2 and after 4 h of stirring, nore Pd(OAc),
(55 ng, 0.24 mmol, 10 equiv (x2)) were added. Fornation
of side products can be observed by TLC analysis. The
bl ack suspension was filtered over celite with MOH as
eluent. The filtrate was concentrated under reduced
pressure. Purification by flash chr omat ogr aphy
(hexane/ acetone 2:1 - 3:2) provided erythronolide A (1)

(4.0 ng, 40%yield) as a clear, colorless solid.

R = 0.20 (1:3 hexane/EtQAc). M = 171-172 °C. Specific
Rotation [a]Z® (c 0.54, CH;OH) = -36°. NVR Spectroscopy: 'H

NVR (300 MHz, CD;OD) d: 5.19 (dd, 1H, J = 11.0, 2.3 Hz),
3.86 (d, J = 1H, 1.5 Hz), 3.55 (d, 1H, J = 10.5 Hz), 3.50
(d, 1H, J = 3.2 Hz), 3.18-3.11 (m 1H), 2.74-2.63 (m
2H), 2.05-2.00 (m 1H), 1.94-1.85 (m 2H), 1.55-1.45 (m
1H), 1.39 (dd, 1H J = 14.7, 4.2 Hz), 1.29 (s, 3H), 1.18
(d, 3H J = 7.6 Hz), 1.17 (s, 3H), 1.15 (d, 3H, J = 6.5
Hz), 1.12 (d, 3H, J = 6.6 Hz), 0.98 (d, 3H, J = 7.3 Hz),
0.85 (t, 3H J = 7.4 Hz). ¥C NWR (75 MHz, CDdj) d:
220.1, 176.1, 81.1, 78.7, 77.0, 75.1, 74.3, 69.5, 44.0,
43.9, 39.8, 38.1, 36.3, 25.1, 21.3, 17.1, 16.2, 14.5,
10.9, 9.5, 6.9. IR Spectroscopy (thin film 3466, 2973,
2937, 2879, 1712, 1456, 1376, 1348, 1267, 1181, 1083,
1035, 980, 957, 912, 737, 704 (cm?). HRVB-MALDI (m z):
Cal cd for [CyuHisQ:Si Na]*, 441.2464; found, 441.2452.

[vi] For the preparation of the MgBr, solution, see: M
Nakat suka, J. A Ragan, T. Sammekia, D. B. Smith, D. E
Uehling, S. L. Schreiber J. Am Chem Soc. 1990, 112,
5583- 5601.



