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Section A: General Information.

General Methods: Liquid chromatography was performed using the indicated solvent system on ICN
reagent silica gel 60 (60-200 mesh). Ether, tetrahydrofuran, methylene chloride and methanol were
dried by passing through activated alumina columns with argon gas pressure. Hexanes refer to the
petroleum fraction bp 40-60 °C. Commercial reagents were used without purification unless
otherwise noted. 'H and 3C spectra were recorded on Jeol 270 and 600 MHz spectrometers.
Chemical shifts are reported relative to internal tetramethylsilane (5 0.00) or CHCI; (5 7.26) for *H
and CHCI; (5 77.0) for **C. Air- and/or moisture-sensitive reactions were carried out under an
atmosphere of argon/nitrogen using oven-dried glassware and standard syringe/septa techniques.

Melting points are uncorrected.
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Section B: Experimental Procedures.

(2S,6R)-6-[(2°S)-2’- N-Carbobenzyloxy-D-tyrosine methoxycarbonyl)-2-tert-butyl-dimethyl-
silanyloxymethyl-6H-pyran-3-one (8):

(\//KC)/
N OTBS
H (@70\ O

\

N
CbZ  CO,CHs,

A CHCl; (0.7 mL) solution of compound 6 (260 mg, 0.72 mmol) and Cbz-D-tyrosine methyl ester 5
(238 mg, 0.726 mmol) was cooled to 0 °C. A CH,Cl, (0.7 mL) solution of Pdx(dba)s’CHCIs (18 mg,
2.5 mol%) and PPh;z (16 mg, 10 mol%) was added to the reaction mixture at 0 °C. The reaction
mixture was stirred at 0 °C for 3 hours. The reaction mixture was quenched with 5 mL of satd. aq.
NaHCO;3, extracted (3 x 5 mL) with Et,0, dried (Na,SO,), and concentrated under reduced pressure.
The crude product was purified using silica gel flash chromatography eluting with 14%
EtOAc/hexanes to give enone 8 (380 mg, 0.66 mmol, 92%) as viscous oil. Rs (30% EtOAc/hexanes)

= 0.42; [a]Z = + 0.8 (c = 1, CH.Cly); IR (thin film, cm™) 3351, 2952, 1752, 1725, 1509, 1256, 1219,

1151, 995, 836; *H NMR (600 MHz, CDCls) § 7.35 (m, 5H), 7.05 (m, 4H), 6.97 (dd, J = 10.2, 3.6
Hz, 1H), 6.22 (d, J = 10.8 Hz, 1H), 5.93 (d, J = 3.6 Hz, 1H), 5.30 (d, J = 7.8 Hz, 1H), 5.10 (d, J =
12.6 Hz, 1H), 5.07 (d, J = 12.6 Hz, 1H), 4.62 (dd, J = 13.8, 6.0 Hz, 1H), 4.54 (dd, J = 4.8, 3.0 Hz,
1H), 4.05 (dd, J = 11.4, 4.8 Hz, 1H), 4.02 (dd, J = 11.4, 2.4 Hz, 1H), 3.71 (s, 3H), 3.10 (dd, J = 13.2,
5.4 Hz, 1H), 3.04 (dd, J = 14.4, 6.0 Hz, 1H), 0.84 (s, 9H), 0.05 (s, 3H), 0.04 (s, 3H); *C NMR (150
MHz, CDCl3) & 194.2, 174.8, 156.1, 155.4, 151.6, 150.0, 142.6, 136.0, 130.3(2C), 130.0, 128.6,
128.4(2C), 128.0, 127.9, 117.0, 91.9, 76.6, 66.8, 62.5, 54.7, 52.2, 37.2, 25.7(3C), 18.1, -5.44, -5.48;
CIHRMS Calcd for [CaH3oNOgSiNa']: 592.2337. Found 592.2290.
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3-{4-|6-(tert-Butyl-dimethylsilanyloxymethyl)-5-hydroxy-5,6-dihydro-2H-pyran-2-yloxy]-
phenyl}-2- N-carbobenzyloxy-D-tyrosine methyl ester (9):

o OTBS

\
N

Cbz”  CO,CH,

The enone compound 8 (320 mg, 0.562 mmol) was dissolved in 0.5 mL of CH,CI, and 0.5 mL
MeOH in round bottom flask and cooled -78 °C then NaBH, (21 mg, 0.562 mmol) was added and
the reaction mixture was stirred at -78 °C for 3 hours and on completion, monitored by TLC,
reaction mixture was diluted with ether and was quenched with 5 mL of satd. ag. NaHCOs, extracted
(3 x 5 mL) with Et,0, dried (Na,SO,), and concentrated under reduced pressure. The crude product

was purified using silica gel flash chromatography eluting with 18% EtOAc/hexanes to give 9 (300
mg, 0.525 mmol, 87%) as viscous oil. R; (30% EtOAc/hexanes) = 0.30; [oc]zD6 =+ 29.0 (c =1,

CH,Cly); IR (thin film, cm™) 3386, 2925, 1459, 1255, 1069, 1027, 838; 'H NMR (600 MHz,
CDCls) § 7.32 (m, 5H), 6.98 (m, 4H), 6.08 (d, J = 10.2 Hz, 1H), 5.88 (ddd, J = 10.2, 2.4, 2.4 Hz,
1H), 5.57 (d, J = 1.8 Hz, 1H), 5.21 (d, J = 7.8 Hz, 1H), 5.11 (d, J = 13.2 Hz, 1H), 5.08 (d, J = 12.0
Hz, 1H), 4.62 (dd, J = 13.2, 5.4 Hz, 1H), 4.28 (dd, J = 9.0, 1.8 Hz, 1H), 3.89 (dd, J = 10.2, 4.8 Hz,
1H), 3.84 (dqd, J = 12.0, 7.2, 4.8 Hz, 1H), 3.75 (dd, J = 9.6, 6.6 Hz, 1H), 3.32 (s, 3H), 3.08 (dd, J =
13.8, 5.4 Hz, 1H), 3.04 (dd, J = 13.8, 5.4 Hz, 1H), 3.02 (d, J = 3.0 Hz, 1H), 0.88 (s, 9H), 0.08 (s,
3H), 0.07 (s, 3H); *C NMR (150 MHz, CDCls3) § 171.9, 156.5, 133.3, 130.3, 130.2(2C), 128.5(2C),
128.4, 128.1, 128.0, 124.8, 116.9(2C), 115.5, 92.8, 70.7, 66.9, 66.5, 65.1, 54.8, 52.3, 52.2, 37.2,
25.7(3C), 18.1, -5.5, -5.6; CIHRMS Calcd for [C3H4NOgSiNa']: 594.2493 Found 594.2467.
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(1'S, 4'S, 5'R, 1S, 5R)-1-[1'-N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5-(tert-butyl-
dimethylsilanyloxymethyl)-1',4'-dihydro-5'H-pyran-4'-yloxy]-5-(tert-butyl-
dimethylsilanyloxymethyl) -1H-pyran-4-one (4):

Efijif:
N OTBS
o ©

OTBS

=N

H, 0" Mo

N
/
Cbz"  CO,CHs

A CHyCI; (0.5 mL) solution of compound 6 (280 mg, 0.49 mmol) and alcohol 9 (175 mg, 0.49
mmol) was cooled to 0 °C. A CH,Cl, (0.5 mL) solution of Pdx(dba)s.CHCIs (12 mg, 2.5 mol%) and
PPhs (11 mg, 10 mol%) was added to the reaction mixture at 0 °C. The reaction mixture was stirred
at 0 °C for 2 hours. The reaction mixture was quenched with 5 mL of satd. ag. NaHCO3, extracted
(3 x 5 mL) with Et,0, dried (Na,SO,), and concentrated under reduced pressure. The crude product

was purified using silica gel flash chromatography eluting with 16% EtOAc/hexanes to give dienone

4 (328 mg, 0.40 mmol, 82%) as viscous oil. R; (30% EtOAc/hexanes) = 0.44; [oc]é6 =+0.15(c =1,

CH,Cl,); IR (thin film, cm™) 3351, 2952, 1752, 1725, 1509, 1256, 1219, 1151, 995, 836; 'H NMR
(600 MHz, CDCl3) § 7.35 (m, 5H), 7.05 (m, 4H), 6.84 (dd, J = 10.2, 3.6 Hz, 1H), 6.23 (d, J = 10.8
Hz, 1H), 6.14 (d, J = 10.2 Hz, 1H), 5.95 (ddd, J = 10.2, 2.4, 1.8 Hz, 1H), 5.62 (d, J = 3.6 Hz, 1H),
5.60 (d, J = 1.8 Hz, 1H), 5.26 (d, J = 8.4 Hz, 1H), 5.10 (d, J = 13.2 Hz, 1H), 5.07 (d, J = 12.6 Hz,
1H), 4.62 (dd, J = 13.8, 6.0 Hz, 1H), 4.59 (d, J = 9.0 Hz, 1H), 4.44 (dd, J = 3.6, 2.4 Hz, 1H), 4.13 (d,
J =3.6 Hz, 1H), 4.10 (dd, J = 10.2, 4.2 Hz, 1H), 3.96 (dd, J = 10.2, 2.4 Hz, 1H), 3.86 (dg, J = 9.6,
1.8 Hz, 1H), 3.81 (dd, J = 10.2, 1.8 Hz, 1H), 3.70 (s, 3H), 3.08 (dd, J = 13.8, 5.4 Hz, 1H), 3.03 (dd, J
= 13.8, 6.0 Hz, 1H), 0.86 (s, 9H), 0.85 (s, 9H), 0.06 (s, 3H), 0.04 (s, 3H), 0.03 (s, 3H), 0.01 (s, 3H);
13C NMR (150 MHz, CDCls) § 194.5, 171.8, 156.4, 155.5, 143.8, 136.1, 130.1(2C), 130.0, 129.0,
128.5, 128.4(2C), 128.0, 127.9(2C), 126.4, 116.9, 92.8, 89.7, 76.5, 71.1, 66.8, 66.3, 62.8, 62.4, 60.2,
54.7, 52.1, 37.2, 25.78(3C), 25.76(3C), 18.28, 18.23, -5.4, -5.3, -5.4, -5.2; CIHRMS Calcd for
[C42He:NO1:SioNa"]: 834.3675. Found 834.3638.
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(1'S,4'S,5'R,1S,4S,5R)-1-| N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5'-(tert-butyl-
dimethylsilanyloxymethyl)-1',4'-dihydro-5'H-pyran-4'-yloxy]-5-(tert-butyl-
dimethylsilanyloxymethyl)-1,4-dihydro-SH-pyran-4-ol (10) :

H 0" Yo

\

N
Cbz”  CO,CH,

The enone compound 4 (200 mg, 0.246 mmol) was dissolved in 0.3 mL of CH,CI, and 0.3 mL
MeOH were added to a round bottom flask and cooled to -78 °C then (9 mg, 0.246 mmol) NaBH,
was added and the reaction mixture was stirred at -78°C for 6 hours and on completion, as monitored
by TLC, reaction mixture is diluted with ether and was quenched with 5 mL of satd ag NaHCOs3,
extracted (3 x 5 mL) with Et,0O, dried (Na;SO,), and concentrated under reduced pressure. The

crude product was purified using silica gel flash chromatography eluting with 20% EtOAc/hexanes

to give enol 10 (182 mg, 0.223 mmol, 91%) as viscous oil. R; (40% EtOAc/hexanes) = 0.44; [oc]ZD6 =

+ 49 (c = 1, CH,CL,); IR (thin film, cm™) 3420, 2930, 2855, 1725, 1717, 1510, 1256, 1219, 1151,
995, 836; *H NMR (600 MHz, CDCls) § 7.35 (m, 5H), 7.05 (m, 4H), 6.15 (d, J = 10.2 Hz, 1H), 5.96
(d, J =10.2 Hz, 1H), 5.92 (dg, J = 10.2, 1.2 Hz, 1H), 5.68 (dd, J = 10.2, 2.4 Hz, 1H), 5.59 (d, J = 1.8
Hz, 1H), 5.25 (d, J = 7.8 Hz, 1H), 5.18 (d, J = 1.8 Hz, 1H), 5.10 (d, J = 12.6 Hz, 1H), 5.08 (d, J =
12.6 Hz, 1H), 4.62 (dd, J = 13.2, 5.4 Hz, 1H), 4.37 (d, J = 9.0 Hz, 1H), 4.24 (d, J = 8.4 Hz, 1H), 3.97
(dd, J = 9.6, 4.2 Hz, 1H), 3.89 (ddd, J = 10.2, 5.4, 2.4 Hz, 1H), 3.85 (dd, J = 10.2, 1.8 Hz, 1H), 3.81
(dd, J = 12.0, 5.4 Hz, 1H), 3.75 (dd, J = 10.2, 7.2 Hz, 1H), 3.70 (s, 3H), 3.71 (m, 1H), 3.08 (d, J =
3.0 Hz, 1H), 3.05 (dd, J = 8.4, 6.0 Hz, 1H), 3.02 (d, J = 6.0 Hz, 1H), 0.91 (s, 9H), 0.84 (s, 9H), 0.12
(s, 3H), 0.11 (s, 3H), 0.03 (s, 3H), 0.02 (s, 3H); *C NMR (150 MHz, CDCls3) § 174.7,171.8, 156.5,
155.5, 136.1, 133.1, 130.5, 130.0(2C), 128.4(2C), 128.0, 127.9(2C), 126.0, 125.3, 117.1(2C), 92.7,
91.0, 71.3, 70.1, 66.8, 66.6, 66.5, 65.1, 62.6, 54.8, 52.1, 37.2, 25.8(3C), 25.7(3C), 18.3, 18.1, -5.1, -
5.2, -5.5, -5.6; CIHRMS Calcd for [C42HssNO1:SioNa']: 836.3831. Found 836.3818.
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(1'S,4'S,5'R,1S,4S,5R)-1-[1'- N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5'-(tert-butyl-
dimethylsilanyloxymethyl)-1',4'-dihydro-5'H-pyran-4'-yloxy] -5-(tert-butyl-
dimethylsilanyloxymethyl)-1,4-dihydro-SH-pyran-O-4'-isovalaric ester (11):

o)
S
0" OTBS

\
N

Cbz"  CO,CH,

The alcohol compound 10 (140 mg, 0.171 mmol), isovaleric acid (21 mg, 0.206 mmol) and DCC (42
mg, 0.206 mmol) were dissolved in 0.3 mL of CH,Cl, in a round bottom flask and cooled to 0 °C
then DMAP (2 mg, 0.01 mmol) was added and the reaction mixture was stirred at 0 °C for 6 hours
and on completion, as monitored by TLC, the reaction mixture was diluted with ether and was
quenched with 5 mL of satd. ag. NaHCOg, extracted (3 x 5 mL) with Et,0O, dried (Na,SO,), and
concentrated under reduced pressure. The crude product was purified using silica gel flash

chromatography eluting with 15% EtOAc/hexanes to give 11 (148 mg, 0.164 mmol, 96%) as viscous
oil. Ry (30% EtOAc/hexanes) = 0.62; [a]Z = + 90 (¢ = 1, CH,Cl,); IR (thin film, cm™) 2956, 2928,

1738, 1733, 1510, 1253, 1219, 1123, 986, 835; "H NMR (600 MHz, CDCls) § 7.34 (m, 5H), 7.00 (m,
4H), 6.20 (dd, J = 10.2, 2.4 Hz, 1H), 5.93 (m, 2H), 5.74 (dd, J = 10.2, 1.8 Hz, 1H), 5.59 (d, J = 1.2
Hz, 1H), 5.42 (dd, J = 10.2, 1.8 Hz, 1H), 5.28 (d, J = 1.2 Hz, 1H), 5.24 (d, J = 8.4 Hz, 1H), 5.10 (d, J
= 12.6 Hz, 1H), 5.08 (d, J = 12.6 Hz, 1H), 4.62 (dd, J = 13.2, 5.4 Hz, 1H), 4.42 (d, J = 9.0 Hz, 1H),
3.89 (ddd, J = 10.2, 5.4, 2.4 Hz, 1H), 3.85 (dd, J = 10.2, 1.8 Hz, 1H), 3.81 (dd, J = 11.4, 5.4 Hz, 1H),
3.78 (dd, J = 10.2, 1.8 Hz, 1H), 3.75 (m, 1H), 3.70 (s, 3H), 3.71 (m, 1H), 3.08 (dd, J = 13.8, 5.4 Hz,
1H), 3.04 (dd, J = 13.8, 6.0 Hz, 1H), 2.20 (d, J = 1.2 Hz, 2H), 2.10 (m, 1H), 0.96 (d, J = 6.6 Hz, 6H),
0.89 (s, 9H), 0.85 (s, 9H), 0.05 (s, 6H), 0.03 (5, 3H), 0.02 (5, 3H); *C NMR (150 MHz, CDCls) 5
172.1, 171.8, 156.6, 155.5, 136.2, 130.3, 130.0(2C), 129.8, 128.4(2C), 128.0(2C), 127.9, 127.2,
126.1, 117.2(2C), 92.9, 90.9, 71.4, 69.6, 66.8, 66.3, 64.6, 62.8, 62.1, 54.7, 52.1, 43.3, 37.2, 25.9,
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25.8(6C), 25.6, 22.3, 22.2 18.38, 18.36, -5.1, -5.2, -541, -5.45; CIHRMS Calcd for
[C47H71NO1,Si;Na™]: 920.4407. Found 920.4385.

1'- N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5',5-(tert-butyl-dimethylsilanyloxymethyl)-

di-1,4-0-D-mannose -O-4' isovalaric ester (3a):

H 0" Yo

\

N
Cbz”  CO,CH,

To a t-butanol-acetone (0.2 mL, 1:1) solution of diene ester 11 (100 mg, 0.11 mmol) at 0 °C was
added a solution of (50% w/v) of N-methyl morpholine N-oxide / water (0.1 mL). Crystalline OsO4
(1.4 mg, 5 mol %) was added and the reaction was stirred for 12 h. The reaction mixture was
concentrated and was pipetted directly on to a silica gel column using CH,Cl, (1 mL) in three
portions. Impurities were eluted with ether and the product was eluted with MeOH/ether (2:98 to

4:96). Pure fractions were combined and concentrated to afford bis-o-D-manno-tetrol 3a (91 mg,
0.094 mmol, 85 %) as viscous oil. Ry (90% EtOAC/MeOH) = 0.56; [a]2® =+ 61.9 (c = 2, CH,Cly);

IR (thin film, cm™) 2956, 2928, 1738, 1733, 1510, 1253, 1219, 1123, 986, 835; ‘H NMR (600 MHz,
CDCl3) § 7.31 (m, 5H), 6.99 (m, 4H), 5.45 (d, J = 1.2 Hz, 1H), 5.36 (d, J = 1.8 Hz, 1H), 5.26 (d, J =
8.4 Hz, 1H), 5.10 (d, J = 12.6 Hz, 1H), 5.07 (d, J = 12.6 Hz, 1H), 5.02 (dd, J = 10.2, 9.0 Hz, 1H),
4.62 (dd, J = 6.0, 1.8 Hz, 1H), 4.22 (ddd, J = 10.2, 6.0, 3.6, Hz, 1H), 4.13 (dd, J = 10.2, 6.6 Hz, 1H),
4.03 (dd, J = 4.2, 1.8 Hz, 1H), 3.97 (ddd, J = 10.8, 7.2, 2.4 Hz, 1H), 3.93 (dd, J = 10.2, 4.2 Hz, 1H),
3.89 (dd, J = 10.2, 9.6 Hz, 1H), 3.86 (dd, J = 11.4, 10.2 Hz, 1H), 3.78 (dd, J = 10.2, 4.8 Hz, 1H),
3.72 (dd, J = 10.2, 4.8 Hz, 1H), 3.70 (s, 3H), 3.70 (m, 2H), 3.45 (d, J = 3.6 Hz, 1H), 3.25 (d, J = 7.2
Hz, 1H), 3.10 (d, J = 1.2 Hz, 1H), 3.06 (dd, J = 13.8, 6.0 Hz, 1H), 3.02 (dd, J = 15.0, 5.4 Hz, 1H),
2.24 (dd, J = 15.0, 7.2 Hz, 1H), 2.20 (dd, J = 13.8.0, 7.2 Hz, 1H), 2.16 (d, J = 1.8 Hz, 1H), 2.08 (m,
1H), 0.96 (d, J = 6.6 Hz, 6H), 0.89 (s, 9H), 0.84 (s, 9H), 0.07 (s, 3H), 0.06 (s, 3H), 0.02 (s, 3H), 0.02
(s, 3H); ®C NMR (150 MHz, CDCl3) § 173.5, 171.9, 155.6, 155.4, 136.1, 130.2(2C), 128.4(3C),
128.1(2C), 128.0, 116.8(2C), 98.3, 97.7, 73.7, 71.6, 71.2, 70.8, 70.1, 70.0, 69.8, 66.9, 62.8, 54.8,
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52.2, 43.4(2C), 37.2, 25.9, 25.9(3C), 25.8(3C), 25.7, 22.3, 22.2, 18.4, 18.3, -5.2, -5.3, -5.40, -5.47;
CIHRMS Calcd for [Ca7H7sNO16Si,Na‘]: 988.4516. Found 988.4459.

1'-N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5',5-(tert-butyl-dimethylsilanyloxymethyl)-

2,3,2°,3’-di acetonide-bis-1,4-a-D-mannose-O-4'-isovalaric ester (3b) :

H, o' o

N
/
Cbz CO,CHs

To a CH.Cl; (0.1 mL, 1.0M) solution of D-manno-tetrol 3a (20 mg, 0.02 mmol) and 2,2-
dimethoxypropane (4.6 mg, 0.04 mmol) at 0 °C was added CSA (0.50 mg, 10 mol%) and the
reaction was stirred for 6 h. The reaction mixture was concentrated and was pipetted directly on to a
silica gel column using CH,Cl, (1 mL) in three portions. Impurities were eluted with ether and the

product was eluted with EtOAc/Hexane (40:60). Pure fractions were combined and concentrated to

afford 3b (17 mg, 0.02 mmol, 80 %) as viscous oil. R; (50% EtOAc/Hexane) = 0.45; [oc]2D6 =+49 (c

1, CH,CL); IR (thin film, cm™) 2955, 2935, 1728, 1511, 1226, 1101, 1017, 833; *H NMR (600
MHz, CDCls) 57.35 (m, 5H), 7.29 (m, 4H), 5.97 (d, J = 10.2 Hz, 1H), 5.92 (ddd, J = 10.2, 3.0 1.8
Hz, 1H), 5.40 (br s, 1H), 5.04 (br s, 2H), 4.94 (dd, J = 9.6, 7.8 Hz, 1H), 4.79 (d, J = 12.0 Hz, 1H),
4.56 (d, J = 12.0 Hz, 1H), 4.38 (ddd, J = 9.0, 4.2, 4.2 Hz, 1H), 4.26 (d, J = 6.0 Hz, 1H), 4.21 (dd, J =
13.2, 5.4 Hz, 1H), 4.09 (dd, J = 11.4, 5.4 Hz, 1H), 4.01 (m, 1H), 3.78 (d, J = 5.4 Hz, 1H), 3.74 (dd, J
=10.2, 2.4 Hz, 1H), 3.72 (br s, 1H), 3.68 (d, J = 6.0 Hz, 1H), 3.67 (s, 3H), 3.61 (d, J = 10.2 Hz, 1H),
3.06 (dd, J = 7.2, 6.0 Hz, 1H), 2.95 (s, 1H), 2.88 (s, 1H), 2.26 (dd, J = 15.0, 6.6 Hz, 1H), 2.18 (dd, J
= 15.0, 7.2 Hz, 1H), 1.93 (m, 3H), 1.85 (m, 3H), 1.63 (m, 3H), 1.50 (m, 3H), 0.97 (s, 6H), 0.95 (s,
9H), 0.90 (s, 9H), 0.10 (s, 3H), 0.09 (s, 6H), 0.06 (s, 3H); *C NMR (150 MHz, CDCls) § 173.2,
172.6, 154.2, 137.5, 130.3, 128.7, 128.6(2C), 128.5, 128.4(2C), 128.1, 128.0(2C), 127.8, 116.7,
110.0, 92.9(2C), 75.1, 69.9(3C), 69.5(2C), 66.6, 62.8(2C), 58.8(2C), 53.2, 50.4, 40.1, 38.1, 29.3,
28.7(2C), 28.4, 26.0(3C), 25.9(3C), 22.3(2C), 18.6, 18.3(2C), -5.0, -5.2(2C), -5.3; CIHRMS Calcd
for [CssHgsNO16SioNa’ - CsHe?" ]: 1028.5142. Found 1028.4585.
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1'- N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5',5-(hydroxy methyl)-di-1,4-a-D-mannose

—0-4' isovaleric ester (2a):

\
N

Ho\[\)j;o“‘ 0 OH
H f< >—o“‘ o) OH

Cbz"  CO,CH,
To a THF (0.5 mL, 0.1M) solution of D-manno-tetrol 3a (50 mg, 0.05 mmol) at 0 °C was added a
solution of TBAF in THF (50 pL, 1.0M) and the reaction was stirred for 1 h. The reaction mixture
was concentrated and was pipetted directly on to a silica gel column using CH,Cl, (1 mL) in three
portions. Impurities were eluted with ether and the product was eluted with MeOH/EtOAc/Hexane

(10:40:50). Pure fractions were combined and concentrated to afford 2a (31 mg, 0.04 mmol, 80 %)

as viscous oil. Ry (10:50:40% MeOH/EtOAc/Hexane) = 0.20; [oc]%G =+ 71 (c 0.5, CH30H); IR (thin

film, cm™) 3337, 2956, 2926, 1738, 1611, 1510, 1228, 1217, 1094, 976, 834: 'H NMR (600 MHz,
CDCl3) 67.36 (m, 5H), 7.17 (m, 4H), 5.48 (d, J = 1.8 Hz, 1H), 5.42 (d, J = 1.8 Hz, 1H), 5.09 (br s,
2H), 4.59 (br s, 1H), 4.45 (ddd, J = 7.8, 6.6, 1.8 Hz, 1H), 4.08 (dd, J = 10.2, 1.8 Hz, 1H), 4.05 (m,
3H), 4.00 (br s, 1H), 3.89 (dd, J = 9.6, 2.4 Hz, 1H), 3.80 (dd, J = 10.2, 2.4 Hz, 1H), 3.74 (m, 4H),
3.68 (M, 1H), 3.62 (m, 1H), 3.36 (m, 3H), 3.15 (ddd, J = 10.2, 4.8, 4.8 Hz, 1H), 2.93 (m, 2H), 2.29
(m, 1H), 2.13 (m, 1H), 1.34 (m, 1H), 1.03 (d, J = 6.6 Hz, 6H); NMR (150 MHz, CDCl3) § 172.1,
155.8, 155.3, 136.4, 130.5(2C), 129.9, 128.4(2C), 128.2(2C), 116.6, 103.2, 102.4, 98.1, 71.8, 71.3,
67.1(2C), 61.1, 55.1, 52.5(2C), 43.6, 43.1, 37.5, 36.6, 31.6, 30.5, 29.8, 28.6, 25.9, 23.1, 22.5(2C);
CIHRMS Calcd for [CasHs7NOsNa']: 760.2787. Found 760.2798.
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(1'S,4'S,5'R,15,4S,5R)-1-[1'-N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5'-(tert-butyl-
dimethylsilanyloxymethyl)-tetrahydro-pyran-4'-yloxy]-5-(tert-butyl-dimethylsilanyloxymethyl)

-tetrahydro-pyran-O-4'-isovalaric ester (16):

The dienone ester compound 11 (27 mg, 0.03 mmol) and 0-NO,C¢H;SO,NHNH, (20 mg, 0.02
mmol) were dissolved in 0.2 mL of CH,CI, in a round bottom flask and cooled 0 °C under nitrogen
atmosphere then triethylamine (17 mg, 0.17 mmol) was added and the reaction mixture was stirred
at 0 °C for 12 hours and on completion, as monitored by TLC. The reaction mixture was
concentrated and was pipetted directly on to a silica gel column using CH,Cl, (1 mL) in three
portions. The crude product was purified using silica gel flash chromatography eluting with 15%
EtOAc/hexanes to give 16 (18 mg, 0.02 mmol, 95 %) as viscous oil. R; (30% EtOAc/Hexane) =

0.46; [o]2® =+ 35 (c 1, CHoCly); IR (thin film, cm™) 2952, 2929, 1735, 1510, 1254, 1220, 1123,

996, 836; 'H NMR (600 MHz, CDCls) §7.34 (m, 5H), 6.98 (m, 4H), 5.45 (br s, 1H), 5.24 (d, J=7.8
Hz, 1H), 5.09 (br s, 2H), 5.08 (d, J = 2.4 Hz, 1H), 4.73 (ddd, J = 10.2, 9.6, 4.8 Hz, 1H), 4.60 (ddd, J
=7.8,5.4,5.4 Hz, 1H), 3.84 (d, J = 11.4 Hz, 1H), 3.79-3.67 (m, 6H), 3.70 (s, 3H), 3.05 (dd, J = 13.2,
6.0 Hz, 1H), 3.01 (dd, J = 13.2, 5.4 Hz, 1H), 2.15 (m, 3H), 2.06 (m, 1H), 2.00 (m, 2H), 1.80 (m, 3H),
1.71 (m, 2H), 0.89 (d, J = 6.6 Hz, 6H), 0.86 (s, 9H), 0.84 (s, 9H), 0.03 (s, 6H), 0.01 (s, 6H); **C
NMR (67.5 MHz, CDCls) 5 172.0, 172.2, 156.4, 136.5, 130.2, 128.4(2C), 128.2(2C), 128.1,
128.0(2C), 116.7(2C), 94.8, 90.5, 75.1, 73.4, 71.5, 67.7, 66.8, 66.4, 63.1, 62.6, 54.6, 52.0, 43.6, 37.5,
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28.6, 25.8(3C), 25.7(3C), 25.7, 23.6, 22.2(3C), 22.0, 18.4, 18.2, -5.1, -5.3, -5.40, -5.44; CIHRMS
Calcd for [C47H7sNO1,SizNa']: 924.4720. Found 924.4702.

3-{4-|6-(tert-Butyl-dimethylsilanyloxymethyl)-5-0x0-5,6-dihydro-2H-pyran-2-yloxy|-phenyl}-2-

N-carbobenzyloxy-D-tyrosine methyl ester (A- structure was not shown in Scheme 6):

LT
’/,//OTB S

H o ©

\

N
CbZ  COOCH,

A CH,CI; (0.6 mL) solution of compound (ent)-6 (200 mg, 0.55 mmol) and Cbz-D-tyrosine
methyl ester 5 (220 mg, 0.67 mmol) was cooled to 0 °C. A CH,Cl, (0.6 mL) solution of Pd,(dba)s-
.CHCl; (14 mg, 2.5 mol%) and PPh;z (14 mg, 10 mol%) was added to the reaction mixture at 0 °C.
The reaction mixture was stirred at 0 °C for 3 hours. The reaction mixture was quenched with 5 mL
of satd. aq. NaHCO3, extracted (3 x 5 mL) with Et,O, dried over Na,SO4, and concentrated under
reduced pressure. The crude product was purified using silica gel flash chromatography eluting with
20% EtOAc/hexanes to give 12a (278 mg, 0.50 mmol, 90%) as viscous oil. R¢ (40%

EtOAc/hexanes) = 0.40; [oc]é6 = (c 0.64, CH,Cly); IR (thin film, cm™) 3351, 2952, 1752, 1725,

1509, 1256, 1219, 1151, 995, 836; *H NMR (270 MHz, CDCls) 5 7.35 (m, 5H), 7.05 (m, 4H), 6.97
(dd, J = 10.2, 3.5 Hz, 1H), 6.22 (d, J = 10.2 Hz, 1H), 5.94 (d, J = 3.3 Hz, 1H), 5.33 (dd, J = 8.5, 4.2
Hz, 1H), 5.09 (br s, 2H), 4.62 (dd, J = 13.2, 5.7 Hz, 1H), 4.53 (dd, J = 4.1, 3.1 Hz, 1H), 4.15-4.00
(m, 2H), 3.71 (s, 3H), 3.69 (m, 2H), 0.84 (s, 9H), 0.05 (s, 3H), 0.04 (s, 3H); *C NMR (67.5 MHz,
CDCls) 5 194.2, 177.7, 156.1, 155.4, 151.6, 150.0, 142.6, 136.0, 133.1, 130.2, 130.0, 128.5, 128.3,
128.0, 127.9, 121.2, 116.9, 91.8, 83.3, 66.8, 62.4, 54.7, 52.2, 37.1, 25.1(3C), 18.1, -5.46, -5.49;
CIHRMS Calcd for [C3oHagNOgSiNa']: 592.2343. Found 592.2369.
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3-{4-|6-(tert-Butyl-dimethylsilanyloxymethyl)-5-hydroxy-5,6-dihydro-2H-pyran-2-yloxy]-
phenyl}-2- N-carbobenzyloxy-D-tyrosine methyl ester (B- structure was not shown in Scheme

6):

L1
., OTBS

H 0" o

N
/
Cbz CO,CHjs

The enone compound 12a (300 mg, 0.527 mmol), dissolved in 0.5 mL of CH,Cl, and 0.5 mL
MeOH, was added to a round bottom flask and cooled to -24 °C then (20 mg, 0.527 mmol) NaBH,
was added and the reaction mixture was stirred at -24 °C for 1 hour and on completion, as monitored
by TLC, the reaction mixture was diluted with ether and was quenched with 5 mL of satd. ag.
NaHCOsg, extracted (3 x 5 mL) with Et,O, dried over Na,SO,4, and concentrated under reduced
pressure. The crude product was purified using silica gel flash chromatography eluting with 25%
EtOAc/hexanes to give 12b (270 mg, 0.47 mmol, 89%) as viscous oil. R; (30% EtOAc/hexanes) =

0.30; [o]2® = - 82 (c 1, CH,Cly); IR (thin film, cm™) 3357, 2928, 1722, 1611, 1439, 1225, 1054,

985, 835; ‘H NMR (600 MHz, CDCl3) §7.33 (m, 5H), 6.97 (m, 4H), 6.07 (dd, J = 10.2, 1.2 Hz, 1H),
5.85 (ddd, J = 10.2, 2.4, 2.4 Hz, 1H), 5.56 (dd, J = 2.4, 1.2 Hz, 1H), 5.20 (d, J = 7.8 Hz, 1H), 5.09
(d, J = 12.0 Hz, 1H), 5.07 (d, J = 12.0 Hz, 1H), 4.61 (dd, J = 13.2, 5.4 Hz, 1H), 4.26 (dd, J = 9.0, 1.8
Hz, 1H), 3.89 (dd, J = 10.2, 4.8 Hz, 1H), 3.83 (ddd, J = 9.0, 7.2, 4.8 Hz, 1H), 3.73 (dd, J = 9.6, 6.6
Hz, 1H), 3.31 (s, 3H), 3.08 (dd, J = 13.8, 5.4 Hz, 1H), 3.04 (dd, J = 13.8, 5.4 Hz, 1H), 3.01 (d, J =
3.0 Hz, 1H), 0.87 (s, 9H), 0.07 (s, 3H), 0.05 (s, 3H); *C NMR (150 MHz, CDCls) § 171.9, 156.6,
136.2, 133.3, 130.2, 130.2(2C), 128.5(2C), 128.1, 128.0, 124.8, 116.9(2C), 116.6, 92.8, 70.7, 66.9,
66.8, 65.3, 54.8, 52.3, 52.2, 37.3, 25.7(3C), 18.1, -5.5, -5.6; CIHRMS Calcd for [CaoHsNOgSiNa™]:
594.2493 Found 594.2500.

(I'R, 4'R, 5'S, 1R, 55)-1-[1'-N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5-(tert-butyl-
dimethylsilanyloxymethyl)-1',4'-dihydro-5'H-pyran-4'-yloxy]-5-(tert-butyl-
dimethylsilanyloxymethyl) -1H-pyran-4-one (12):
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A CH,Cl; (0.5 mL) solution of compound (ent)-6 (163 mg, 0.45 mmol) and alcohol 12b (260 mg,
0.45 mmol) was cooled to 0 °C. A CH,Cl, (0.5 mL) solution of Pdx(dba)s.CHCIl; (11.8 mg, 2.5
mol%) and PPhs (12 mg, 10 mol%) was added to the reaction mixture at 0 °C. The reaction mixture
was stirred at 0 °C for 2 hours. The reaction mixture was quenched with 5 mL of satd. ag. NaHCOs3,
extracted (3 x 5 mL) with Et,O, dried over Na,SOy4, and concentrated under reduced pressure. The

crude product was purified using silica gel flash chromatography eluting with 16% EtOAc/hexanes

to give dienone 12 (313 mg, 0.38 mmol, 85%) as viscous oil. Rt (30% EtOAc/hexanes) = 0.44; [oc]ZD6

= -63 (C 1, CH,Cl,); IR (thin film, cm™) 3341, 2952, 1725, 1700, 1509, 1252, 1226, 1123, 984, 836;
'H NMR (600 MHz, CDCls) §7.34 (m, 5H), 7.00 (m, 4H), 6.84 (dd, J = 10.2, 3.6 Hz, 1H), 6.23 (d, J
= 10.2 Hz, 1H), 6.14 (d, J = 10.8 Hz, 1H), 5.95 (ddd, J = 10.2, 3.0, 1.2 Hz, 1H), 5.62 (d, J = 3.6 Hz,
1H), 5.61 (d, J = 1.8 Hz, 1H), 5.18 (d, J = 7.8 Hz, 1H), 5.10 (br s, 2H), 4.62 (dd, J = 13.8, 6.0 Hz,
1H), 4.59 (d, J = 9.0 Hz, 1H), 4.44 (dd, J = 3.6, 2.4 Hz, 1H), 4.13 (d, J = 3.6 Hz, 1H), 4.10 (dd, J =
10.2, 4.2 Hz, 1H), 3.96 (dd, J = 10.2, 2.4 Hz, 1H), 3.86 (dg, J = 12.0, 3.6 Hz, 1H), 3.80 (dd, J = 12.0,
4.2 Hz, 1H), 3.72 (s, 3H), 3.07 (dd, J = 13.8, 5.4 Hz, 1H), 3.03 (dd, J = 13.8, 6.0 Hz, 1H), 0.86 (s,
9H), 0.84 (s, 9H), 0.06 (s, 3H), 0.04 (s, 3H), 0.02 (s, 3H), 0.01 (s, 3H); *C NMR (150 MHz, CDCls)
5 194.6, 171.9, 156.4, 155.6, 143.9, 136.2, 133.3, 130.2(2C), 130.1, 129.1, 128.6, 128.5(2C), 128.1,
128.0, 126.6(2C), 117.0, 92.9, 89.8, 76.7, 71.3, 66.9, 66.5, 62.9, 62.5, 54.8, 52.2, 37.3, 25.9(3C),
25.8(3C), 18.4, 18.3, -5.1, -5.3(2C), -5.4; CIHRMS Calcd for [CasHsiNO1,Si,Na*]: 834.3675.
Found 834.3648.
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(1'R,4'R,5'S,1R,4R,5S5)-1-[N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5'-(tert-butyl-
dimethylsilanyloxymethyl)-1',4'-dihydro-5'H-pyran-4'-yloxy]-5-(tert-butyl-
dimethylsilanyloxymethyl)-1,4-dihydro-SH-pyran-4-ol (13a):

fj H
n, OTBS
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N
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The dienone compound 12 (300 mg, 0.37 mmol), dissolved in 0.4 mL of CH,CI, and 0.4 mL MeOH,
was added to a round bottom flask and cooled to -24 °C then NaBH, (14 mg, 0.37 mmol) was added
and the reaction mixture was stirred at -24 °C for 1 hour and on completion, as monitored by TLC,
the reaction mixture is diluted with ether and was quenched with 5 mL of satd. ag. NaHCOs,
extracted (3 x 5 mL) with Et,O, dried over Na,SOy, and concentrated under reduced pressure. The

crude product was purified using silica gel flash chromatography eluting with 25% EtOAc/hexanes

to give 13a (271 mg, 0.333 mmol, 90%) as viscous oil. R; (30% EtOAc/hexanes) = 0.30; [a]zt‘)e =-

72 (c 1, CH,CLY); IR (thin film, cm™) 3433, 2928, 2857, 1724, 1509, 1253, 1226, 1123, 1044, 981,
836; *H NMR (600 MHz, CDCls) §7.34 (m, 5H), 7.00 (m, 4H), 6.15 (d, J = 10.8 Hz, 1H), 5.97 (dd,
J=10.2, 1.8 Hz, 1H), 5.92 (ddd, J = 10.2, 3.0, 1.8 Hz, 1H), 5.68 (ddd, J = 10.2, 2.4, 1.8 Hz, 1H),
5.59 (d, J = 1.8 Hz, 1H), 5.18 (br s, 2H), 5.09 (br s, 2H), 4.61 (dd, J = 13.2, 5.4 Hz, 1H), 4.36 (d, J =
8.4 Hz, 1H), 4.24 (d, J = 8.4 Hz, 1H), 3.97 (dd, J = 9.6, 4.2 Hz, 1H), 3.89 (dddd, J = 5.4, 3.6, 1.8, 1.8
Hz, 1H), 3.85 (dd, J = 11.4, 2.4 Hz, 1H), 3.80 (dd, J = 11.4, 5.4 Hz, 1H), 3.73 (dd, J = 10.2, 1.8 Hz,
1H), 3.72 (s, 3H), 3.69 (m, 1H), 3.06 (d, J = 6.0 Hz, 1H), 3.05 (d, J = 5.4 Hz, 1H), 3.02 (d, J = 2.4
Hz, 1H), 0.92 (s, 9H), 0.84 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H), 0.02 (s, 3H), 0.01 (s, 3H); *C NMR
(150 MHz, CDCl3) 5 171.9, 156.7, 155.6, 136.2, 133.1, 130.5, 130.1(2C), 130.0, 129.0, 128.4(2C),
128.1, 128.0, 126.1, 125.4, 117.2, 116.9, 92.8, 91.1, 71.4, 70.0, 66.9, 66.9, 66.7, 65.3, 62.6, 54.8,
52.2, 37.3, 25.8(3C), 25.8(3C), 18.3, 182, -5.0, -5.1, -5.4, -5.6; CIHRMS Calcd for
[Ca2Hs3NO11SiNa']: 836.3831. Found 836.3844.
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(1'R,4'R,5'S,1R,4R,5S5)-1-[1'- N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5'-(tert-butyl-
dimethylsilanyloxymethyl)-1',4'-dihydro-5'H-pyran-4'-yloxy] -5-(tert-butyl-
dimethylsilanyloxymethyl)-1,4-dihydro-SH-pyran-O-4'-isovalaric ester (13):
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The alcohol compound 13a (135 mg, 0.17 mmol), isovaleric acid (20 mg, 0.20 mmol) and DCC (41
mg, 0.20 mmol) were dissolved in 0.3 mL of CH,ClI, in a round bottom flask and cooled to 0 °C then
DMAP (2 mg, 0.016 mmol) was added and the reaction mixture was stirred at 0 °C for 6 hours and
on completion, as monitored by TLC, the reaction mixture was diluted with ether and was quenched
with 5 mL of satd. ag. NaHCOg, extracted (3 x 5 mL) with Et,O, dried over Na,SO,4 and
concentrated under reduced pressure. The crude product was purified using silica gel flash

chromatography eluting with 15% EtOAc/hexanes to give 13 (141.5mg, 0.16 mmol, 95%) as viscous
oil. Ry (30% EtOAc/hexanes) = 0.60; [o]2 = - 99 (¢ 1, CH,Cly); IR (thin film, cm™) 2956, 2929,

1737, 1509, 1253, 1219, 1123, 986, 835; ‘H NMR (600 MHz, CDCls) §7.34 (m, 5H), 7.00 (m, 4H),
6.20 (d, J = 10.2 Hz, 1H), 5.94 (dd, J = 2.4, 1.8 Hz, 1H)), 5.92 (dd, J = 2.4, 1.8 Hz, 1H)), 5.76 (dd, J
= 3.0, 1.8 Hz, 1H), 5.74 (ddd, J = 10.2, 2.4, 2.4 Hz, 1H), 5.59 (d, J = 1.8 Hz, 1H), 5.41 (dd, J = 10.2,
1.8 Hz, 1H), 5.28 (d, J = 1.8 Hz, 1H)), 5.17 (d, J = 7.8 Hz, 1H)) 5.10 (br s, 2H), 4.62 (dd, J = 13.2,
5.4 Hz, 1H), 4.41 (d, J = 9.0 Hz, 1H), 3.90 (dddd, J = 10.2, 5.4, 2.4, 2.4 Hz, 1H), 3.85 (dd, J = 11.4,
2.4 Hz, 1H), 3.80 (dd, J = 11.4, 5.4 Hz, 1H), 3.77 (dd, J = 6.0, 2.4 Hz, 1H), 3.75 (m, 1H), 3.72 (s,
3H), 3.06 (dd, J = 9.6, 4.2 Hz, 1H), 3.04 (dd, J = 9.6, 5.4 Hz, 1H), 2.20 (d, J = 1.8 Hz, 2H), 2.10 (m,
1H), 0.96 (d, J = 7.6 Hz, 6H), 0.89 (s, 9H), 0.84 (s, 9H), 0.05 (s, 6H), 0.02 (s, 3H), 0.01 (s, 3H); °C
NMR (150 MHz, CDCly) 6 172.2, 171.9, 156.7, 136.2, 130.4, 130.1(2C), 129.9, 128.5(2C),
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128.1(2C), 128.0, 127.3, 126.2, 117.3, 117.2(2C), 92.9, 91.0, 71.5, 69.7, 66.9, 66.4, 64.7, 62.9, 62.2,
54.8, 52.2, 43.4, 37.3, 25.94(3C), 25.92(3C), 25.7, 22.4, 22.3, 20.2, 18.45(2C), -5.1, -5.2, -5.4, -5.3;
CIHRMS Calcd for [C47H71N0128i2Na+]: 920.4407. Found 920.4401.

1'- N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5',5-(tert-butyl-dimethylsilanyloxymethyl)-

di-1,4-0-1-mannose—O-4'-isovalaric ester (14a):

\
N

a pes
H o »OTBS
cbz’  CO,CH,

To a CH,Cl, (1.6 mL, 0.1M) solution of dienone 13 (148 mg, 0.16 mmol) at 0 °C was added a
solution of (50% w/v) of N-methyl morpholine N-oxide / water (0.1 mL). Crystalline OsO4 (4.2 mg,
10 mol %) was added and the reaction was stirred for 12 h. The reaction mixture was concentrated
and was pipetted directly on to a silica gel column using CH.Cl, (1 mL) in three portions.
Impurities were eluted with ether and the product was eluted with MeOH/EtOAc/Hexane (10:40:50).

Pure fractions were combined and concentrated to afford manno-tetrol 14a (137 mg, 0.142 mmol, 86
%) as viscous oil. Ry (60% EtOAc/Hexane) = 0.20; [o]2 = -20 (c 1, CHzOH); IR (thin film, cm™)

3441, 2928, 2855, 1726, 1611, 1510, 1252, 1227, 1107, 1020, 835; *H NMR (600 MHz, CDCls) 5
7.36 (m, 5H), 7.10 (m, 4H), 5.47 (d, J = 1.8 Hz, 1H), 5.44 (d, J = 1.8 Hz, 1H), 5.20 (dd, J = 10.2, 9.6
Hz, 1H), 5.10 (br s, 2H), 4.87 (br s, 4H), 4.59 (m, 1H), 4.45 (dd, J = 9.0, 5.4 Hz, 1H), 4.08 (dd, J =
9.0, 3.0 Hz, 1H), 4.02 (dd, J = 3.0, 2.4 Hz, 1H), 4.00 (d, J = 1.8 Hz, 1H), 3.98 (dd, J = 9.0, 1.8 Hz,
1H), 3.90 (dd, J = 10.2, 9.0 Hz, 1H), 3.88 (ddd, J = 10.2, 6.6, 2.4 Hz, 1H), 3.87 (dd, J = 10.2, 9.6 Hz,
1H), 3.84 (dd, J = 4.8, 1.8 Hz, 1H), 3.83 (m, 1H), 3.75 (m, 3H), 3.74 (dd, J = 4.2, 1.8 Hz, 1H), 3.69
(ddd, J = 9.6, 6.6, 1.8 Hz, 1H), 3.13 (dd, J = 13.8, 5.4 Hz, 1H), 2.92 (dd, J = 13.8, 9.0 Hz, 1H), 2.29
(dd, J = 15.0, 7.2 Hz, 1H), 2.24 (dd, J = 15.0, 7.2 Hz, 1H), 2.13 (m, 1H), 1.03 (d, J = 7.2 Hz, 6H),
0.95 (s, 9H), 0.89 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H), 0.06 (s, 3H), 0.05 (s, 3H); *C NMR (150 MHz,
CDCly) 5 173.8, 171.9, 155.6, 136.2, 130.3(2C), 128.5(3C), 128.2, 128.0, 116.6(2C), 97.5, 96.9,
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73.9, 71.49, 71.40, 71.0, 70.8, 70.3(2C), 68.8, 66.9, 63.0, 62.9, 54.8, 52.3, 43.4(2C), 37.4, 25.9(3C),
25.8(3C), 25.8, 22.3(2C), 22.3, 184, 18.3, -5.2, -5.3, -5.40, -5.46; CIHRMS Calcd for
[C47H75N0168i2Na+]: 988.4516. Found 988.4485.

1'-N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5',5-(hydroxy methyl)-di-1,4-a-1-mannose -

O-4' isovaleric ester (14):

To a THF (0.8 mL, 0.1M) solution of manno-tetrol 14a (67 mg, 0.16 mmol) at 0 °C was added a
solution of TBAF in THF (138 uL, 1.0M) and the reaction was stirred for 1 h. The reaction mixture
was concentrated and was pipetted directly on to a silica gel column using CH,Cl, (1 mL) in three
portions. Impurities were eluted with ether and the product was eluted with MeOH/EtOAc/Hexane

(10:40:50). Pure fractions were combined and concentrated to afford 14 (40 mg, 0.054 mmol, 78 %)
as viscous oil. Ry (10:50:40% MeOH/EtOAc/Hexane) = 0.20; [o]2® = - 110 (c 0.5, CHsOH); IR

(thin film, cm™) 3337, 2956, 2926, 1738, 1611, 1510, 1228, 1217, 1094, 976, 834; *H NMR (600
MHz, CDCls) §7.35 (m, 5H), 7.10 (m, 4H), 5.48 (d, J = 1.8 Hz, 1H), 5.42 (d, J = 2.4 Hz, 1H), 5.12
(dd, J = 9.6, 9.6 Hz, 1H), 5.07 (br s, 2H), 4.59 (s, 1H), 4.45 (ddd, J = 12.6, 9.6, 1.2 Hz, 1H), 4.10
(dd, J = 9.0, 3.6 Hz, 1H), 4.02-4.08 (m, 4H), 4.00 (dd, J = 3.6, 1.8 Hz, 1H), 3.89 (dd, J = 9.6, 3.0 Hz,
1H), 3.83 (dd, J = 5.4, 3.0 Hz, 1H), 3.80 (dd, J = 7.2, 5.4 Hz, 1H), 3.77-3.72 (m, 1H), 3.75 (s, 3H),
3.67 (s, 1H), 3.62 (dd, J = 6.0, 3.0 Hz, 1H), 3.35 (br s, 4H), 3.14 (dd, J = 13.8, 4.2 Hz, 1H), 2.92 (dd,
J =138, 9.0 Hz, 1H), 2.31 (dd, J = 14.4, 7.2 Hz, 1H), 2.30 (dd, J = 7.2, 2.4 Hz, 1H), 2.27 (dd, J =
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14.4, 7.2 Hz, 1H), 2.14 (m, 1H), 1.02 (d, J = 6.6 Hz, 6H); NMR (150 MHz, CDCls) § 173.6, 172.0,
155.7, 136.1, 130.3(2C), 128.4(3C), 128.1, 127.9, 116.3(2C), 101.6, 97.9, 73.9, 71.9, 71.6(2C), 71.1,
70.6, 69.3, 66.9, 60.9, 60.6, 60.4, 54.8, 52.2, 43.3, 42.9, 37.2, 29.5, 25.6, 22.23, 22.20; CIHRMS
Calcd for [CasH47NO1gNa']: 760.2787. Found 760.2750.

1'-N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5',5-(tert-butyl-dimethylsilanyloxymethyl)-

2,3,2°,3’-bis acetonide-di-1,4-a-1-mannose-O-4'-isovalaric ester (15):

(0]
O W
O/,, O
+o 1T
- O //,//OTBS

O

H, oo OTBS
N= C

Chz CO,CH,

To a CH)CI, (0.1 mL, 1.0M) solution of manno-tetrol 14a (25 mg, 0.02 mmol) and 2,2-
dimethoxypropane (5.7 mg, 0.05 mmol) at 0 °C was added CSA (0.60 mg, 10 mol%) and the
reaction was stirred for 6 h. The reaction mixture was concentrated and was pipetted directly on to a
silica gel column using CH,CI, (1 mL) in three portions. Impurities were eluted with ether and the

product was eluted with EtOAc/Hexane (40:60). Pure fractions were combined and concentrated to

afford 15 (22 mg, 0.02 mmol, 81 %) as viscous oil. R; (50% EtOAc/Hexane) = 0.44; [oc]%6 = -31(c

1, CH,CL,); IR (thin film, cm™) 2953, 2928, 1726, 1510, 1220, 1091, 1019, 833; ‘H NMR (600
MHz, CDCls) §7.31 (m, 5H), 6.96 (m, 4H), 5.51 (d, J = 1.2 Hz, 1H), 5.42 (d, J = 1.8 Hz, 1H), 5.06
(br s, 2H), 4.96 (dd, J = 10.2, 7.8 Hz, 2H), 4.62 (dd, J = 13.8, 5.4 Hz, 1H), 4.25 (dd, J = 9.6, 3.6,
Hz, 1H), 4.16 (dd, J = 12.6, 5.4 Hz, 1H), 4.10 (d, J = 5.4 Hz, 1H), 4.00 (m, 1H), 3.91 (m, 1H), 3.89
(dd, J = 10.2, 6.0 Hz, 1H), 3.86 (dd, J = 9.6, 4.8 Hz, 1H), 3.84 (d, J = 9.0 Hz, 1H), 3.75 (m, 2H),
3.69 (s, 3H), 3.64 (d, J = 5.4 Hz, 1H), 3.02 (m, 2H), 3.03 (d, J = 6.0 Hz, 1H), 2.73 (s, 1H), 2.56 (s,
1H), 2.24 (dd, J = 14.4, 7.2 Hz, 1H), 2.20 (m, 1H), 2.16 (s, 1H), 2.12 (dd, J = 13.2, 6.0 Hz, 1H), 0.94
(d, J = 6.6 Hz, 6H), 0.87 (s, 9H), 0.81 (s, 9H), 0.06 (s, 3H), 0.04 (s, 3H), -0.08 (s, 3H), -0.01 (s, 3H);
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13C NMR (150 MHz, CDCl3) § 172.0, 171.9, 155.5, 155.4, 130.3(2C), 128.4(3C), 128.1(2C), 128.0,
116.8(2C), 109.9 (2C), 97.7, 95.0, 76.0, 75.8, 73.8, 71.2, 70.8, 69.8, 69.1(2C), 66.9, 63.1, 62.9, 54.8,
54.7, 52.2, 43.3(2C), 37.2, 29.6, 27.4, 26.3, 25.85(3C), 25.81(3C), 25.6, 22.3, 22.2, 18.4, 18.3, -
5.3(2C), -5.47, -5.57; CIHRMS Calcd for [CssHasNOwsSioNa* - CsHg?* ]: 1028.5142. Found
1028.4585.

(1'R,4'R,5'S,1R,4R,5S5)-1-[1'-N-carbobenzyloxy-D-tyrosine methoxycarbonyl -5'-(tert-butyl-
dimethylsilanyloxymethyl)-tetrahydro-pyran-4'-yloxy|-5-(tert-butyl-
dimethylsilanyloxymethyl)-tetrahydro-pyran-O-4'-isovalaric ester (17):

OY\(
LT
” B
o OTBS

H 0)

Cbz CO,CHj,

The diene ester 13 (27 mg, 0.03 mmol) and 0-NO,CgH1sSO,NHNH; (91.6 mg, 0.45 mmol) were
dissolved in 0.3 mL of CHClI; in a round bottom flask and cooled to 0 °C under nitrogen atmosphere
then triethylamine (60.6 mg, 0.60 mmol) was added and the reaction mixture was stirred at 0 °C for
12 hours and on completion, as monitored by TLC. The reaction mixture was concentrated and was
pipetted directly on to a silica gel column using CH,Cl, (1 mL) in three portions. The crude product

was purified using silica gel flash chromatography eluting with 15% EtOAc/hexanes to give 17
(26.2 mg, 0.03 mmol, 97 %) as viscous oil. Ry (30% EtOAc/Hexane) = 0.46; [o]2 = -59 (c 2,
CH,CL,); IR (thin film, cm™) 2955, 2928, 1738, 1510, 1252, 1219, 1122, 996, 835; *H NMR (600
MHz, CDCls) 6 7.33 (m, 5H), 6.97 (m, 4H), 5.44 (br s, 1H), 5.24 (d, J = 7.8 Hz, 1H), 5.08 (br s,
2H), 5.07 (d, J = 2.4 Hz, 1H), 4.73 (ddd, J = 10.2, 9.6, 4.8 Hz, 1H), 4.60 (ddd, J = 7.8, 5.4, 5.4 Hz,
1H), 3.85 (d, J = 11.4 Hz, 1H), 3.78-3.64 (m, 6H), 3.70 (s, 3H), 3.05 (dd, J = 13.2, 6.0 Hz, 1H), 3.01
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(dd, J = 13.2, 5.4 Hz, 1H), 2.13 (m, 3H), 2.06 (ddd, J = 13.2, 6.6, 6.6 Hz, 1H), 2.00 (m, 2H), 1.80
(m, 3H), 1.71 (m, 2H), 0.93 (d, J = 6.6 Hz, 6H), 0.88 (s, 9H), 0.84 (s, 9H), 0.02 (s, 6H), 0.018 (s,
3H), 0.004 (s, 3H); *C NMR (150 MHz, CDCls) 5 172.1, 172.0, 156.2, 136.2, 130.1(2C), 128.6,
128.4(2C), 128.1, 128.0, 116.9(2C), 94.9, 90.5, 75.0, 73.3, 71.5, 67.5, 66.9, 66.3, 63.2, 62.6, 54.8,
52.2, 43.6, 37.3, 28.7, 25.92(3C), 25.91(3C), 25.7, 23.6, 22.3(2C), 22.2(2C), 22.0, 18.4, 18.3, -5.1, -
5.3, -5.43, -5.46; CIHRMS Calcd for [C47H7sNO1,SiNa']: 924.4720. Found 924.4717.
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Section C: "H NMR and ”C NMR Spectra.

S22



¢
H 0" No\-OTBS
N

CbZ  CO,CH,

600 MHz 'H NMR, CDCl,

ﬁ i \A&\g J
N S N Y e

ppm

23S




= ~—204.085
‘ _203.991

23 203.956
o
o

20
H

7/

€40%09

EE 176.812

i
€000 ‘WNN g 2HN 0S4
(o}
sa10

vl

7 130.304
i < 128.408
: : 128.077

02Tt
J

117.039

00T

s

1

08
A B
~
~
~
-
~

76.681

09

ov

25.287

7 18.177

pyw-lr'-\"-vw,.l ..

~5.444
-5.486

W R Y

248

g Y“:'IF‘"V:T




" oo ~OTBS
N

Cbz”  CO,CHs
600 MHz 'H NMR, CDCl3

25

2 1 -0 ppm




002

087

0971

ovT

0271

00T

0%

1]

ov

02

02-

wdd

_:“"" — Q
I R =
401 4
1 -
- s g O
z 2@
] I 0
N X
3z 3 a
i z
] Z
1 171.970 X
1 Q
] 3
] &
] - . 156.583
]
.133.731
130,289
] / 130.200
] —130.158
B, === — _ 128.462
] \ 128.454
] : \_128.139
] 128.112
] -128.023
] —— N\ 124.839
g \ \—116.966
] \__115.513
] ; _._-92.810
- 77.215
] 77.000
1 \_76.788
1 o . o, 70.762
] . 66.955
= T\ _66.570 —
] - 65.101
] ~54.825
] .~ 52.263
] T T T N T52.236
j _.37.326
1 e — ——____37.280
.~ 31.861
1 ,—29.634
7 £ : e - =———__ 29,592
1 . - . \.__25.232 o
] _25.765
\ \_25.742
] N X 2 X 3/
_f . . __18.154
- \_14.058
|
j
L --=5.533
e =5.621
! 26S




¢
) otes
T o
. oTes
" Im\@!o. ©
N\
N
7/

Cbz CO,CH,4
600 MHz 'H NMR, CDCl,

|
_v\w
B e L\\K I KK\ K\W v ‘ k
. | % .
tl FFELL o . .Y
!
i I T I [ | T
7 6 5 q 3 2 1 0 ppm
e ———— . — — e
7.28 1.71 3.01 .69 .29 17.52
35 4,46 4.86 14.43 32.38

27S




] 2
N 201.033 g -
o - ~7200.999 Ny’
o
] - 194.528 o
1 O
- - IE’
1 & =
] z
=
N
2 ]
] le]
z
B - . _171.859 3
o)
i ]
R jo}
S «
o -
o j _ ,-156.483
] = ——————"_155.544
1 143.807
= 4
h -
o 4 - - 136.177
] ~130.112
] _/.125.039
B _—— /] 128.485
] Z 128,400
. 128.058
5 ~127.958
o ~ 126.489
] T \—116.939
- ]
o
o -
1 —_— 92.826
4 . 89.764
o 1 ,—77.215S
o] 77.000
4 76.788
] \__76.588
J TTTTTTTT\L71.197
] . . G§.824
; \__66.397
o — N \-62.839
=) \_.62.401
] - 54.782
. —— 52.148
& 1
e - 37.211
: . .-25.784
] = T T T T TN 25,768
N %
o - B —18.281
: - 18.235
1 ——————__14.101
oS L -5.194
I - S
) . f--5.383
. —=5.444
- . -5.521
t
~N
o

wdd

28




_~_-OH
070
..po._.mm

H, I&|©v o °

\z

Cbz CO,CH,

600 MHz 'H NMR, CDCly

H\\w\\\ o

o

Lj
\ﬂ I L;lrlzt(f A
IVT —

w

e T ——

16.01

1.51 0.20 4.97

29S




ov 09 08 00T 0271 ovT 091 08T 002
i SN Bt L S

I

02
Ll

wdd

1

P

!

L vl P B A S B S

L

fodd L1

Q
—_ N /I
@
P o
$ o
N [s)
S F
z
=
ry
o
o]
L _174.722 Q
w
e 171.837
o ,.156.598
— - 155.579
§ 136.192
] _ J -133.134
/-.130,535
——"/ ,—130.077
_ — 7 _129.019
= _ _ \_128.416
- - \ _128.069
‘—\\ . -127.969
= \ -126.081
— ——————\  \- 125.358
“—117.186
-92.799
91.099
77.212
1 -77.000
i —— 0700
71.354
_ 70.116
T 66.851
bL . OV -
- T \_66.547
T T TN \_55.109
1 \‘62.601
— . 54.802
= L 52.1863
L ._.37.245
2 25.854
—75.784
%_ —.18.304
x \.—_18.158
14
T -5.140
= /—~5.229
: -5.513
% \_,—s.eagos




OJ\J\
oy
o 0 OTBS

O
M, o o oTBS
N

¢z’ co,CH,
800 MHz "H NMR, CDCl,

1 s \-\ e

Lk

1
j T T T T T T i
8 7

T L— T T T T T T ] T T T T T
6 5 4 3 2 1
e e S S— e S —" e e TS S— s e L w—
5.51 1.30 1.16 1.23 1.21 0.19 3.01 0.83 27.55
5.65 2.42 1.35 5.78 1.44 13.63 4.82 8.22

A L

31S



~N 4
o
[wn]
g
B NI
-
= (4]
S o
& z 0
0o — I .h
e Nox
cl.s) “
1 __172.178 3
— ——— =="171.897 £
| Py
o)
o)
] ]
L (<]
o
©o - o\ __ . ,156.817
— —— —————.. 155.571 o
N
& - —136.203
o . . 130.369
1 / 130.092
] / J[ms.ass
] L i, _ 129.039
| Ee———————— e 128.427
1T +— - 128.077
N\ 127.989
< \_127,277
S o --126.150
\ T\_117.236
] . 117.201
-
o 4
o 4
1 = _ 92,907
1 = _  30.961
g 89.195
mj _77.212
o
| 77.000
4 76.788
1 s 71.458
] — 69.662
66.855
bo . 38¢
1 — 64.628
=
o1 —\_62.843
o \_62.166
1 &2 __ sa.798
o —52.179
] 43.564
i —\__43.364
ey
o
1 L . 37.241
] —25.915
4 ,—-25.904
= 25.881 .
] / /. _25.773
] 75 71T
1 = 25,650
A \_22.312
o
j \ 22.292
. 22.258
] 18.381
- 18.366
] ~5.171
(=3 /. -5.294
: / -5.398
1 g -5.417
-] § -5.452
- _
3 4 5.490

33




o_.“uJ\/j

H
o oTBS

" oo oTBS
N

Oun\
COLHs 440 MHz 'H NMR, CDCly

| }tﬂcﬁr\ \?\ VA

Y T S N .t

1 T T T

w
6

5 a 3 2 ,

1

33S




002

081

091

ovT

021

00t

0e

09

ov

02

wdd

Ie)
R
- N /:
z
3 o
- O
= ~N
= Q
X
- o
[*4
o
= 2
173.562 I
171.947 a
= = o
= r4
=
3 A
: o
E o}
@
«
- 130.239
- —128.462
= 128139
= 128.019
— 116.809
= ., 98.391
- “_97.772
77.212
- _77.000
76.788
— _ .71.670
= = == \A,n.zss
70.847
3 \\__70.093
ol —_— \_ 66.939
- \__62.889
= 52.252
- 3 43.437
- — ....37.280
-.25.934
25.919
,-25.892
__25.855% T Tt T T
_25.727
.22.338
E = \\ _22.289
- . 18.423
= 3 __18.327
i 5,236
2 .3 -5.313
= ’ L-5.406
= .-5.479




cbz”

600 MHz 'H NMR, CD,0D

Ve -

(0p)
w0
, (40)
|
w
w
- I | !
I .
| wf\__ | f | ! ““.
JITS.Y SV . N [
T 17T |14_ 1 _ OO R _ | v T i .,.!lvp T - w y P [ _ Ty =5 H | “1141.“ v_ t _ T T T } [ i

10 9 8 7 =6 5 4 3 2 1 -0 ppm



0o

08T

0971

ovT

0271

00T

08

09

(137

0e

wdd

TE B TN WY S AU S SIS SN SO U U S YOS AR VA N S S S U SR NP U STATUNN NPU S S U (NN TS S N S S S ST RO WOV VO AT A SO (N TV VO SO S AT SN S T WA S N T T T A TN TS TN A NN S T U O S T S S W M

/
i)

SHO%09,

172.181

155.870

£7G0 "IN gy ZHIN 0SH

136,445
130.595
128.730

kbW,

2841

1
\__128.284

116.642

R A s

77.422

/—77 210

76.999

67.180

52.524

43.628

. ,—25.903
22.584

i
3

i
4
3
a2
4
3
3
3
i

:

bl

22.557




18

fo
-

g

o OJ\J\
e O
(o]
d lm—Hv\ o OTBS
0 oo oTBS
N

Ve
Chz CO,CHs o0 MHz 'H NMR, CDClg

RN

3B

~

-0

ppm



08T

0971

ov1

02T

00T

o8

09

ov

02

wdd

FEEUR T B

A0
N\
H

o
R
o
X
“w
N
&
Z
I
N
3
S
/ Z
g
' . sy
o
O
. s}
w
137.596
128.742
128.612
- 128.519
128.473
128.023
127.8189
P
»
f
92.995
77.212
: 27 000
: 76.788
69.970
' 69.551
E 62.801
58.828
28.761
/L 28.707
25.988
25.911
18.346
-5.275



OJ\/*\
- oT
0 o BS

- TBS
N

Chz CO,CH;
600 MHz 'H NMR, CD,0D

39S

T T
________________



4 N
b= 7 ) .
o - :
[ R
11 o
1 - 172.012 g =
N . N7
i . o
[l : NO
o - : 3!
o N T
i e .—.156.283 &
i : =
] S
] =z
1 I
b N
1 o
s z
B
o { i ;go
1 - AAJ/_.130.131 g
: 128.504 O
] _ ool &
- 140719
= _128.069
-
N_
] 116.947
-
o
o
i 95.041
] 30.549
® ] 77.212
e /—77.000
4 70.700
1 73.389
i e 71,589
7 67.608
j :.———X_—SG.BSI
4 66.424
o\
o — \—63.263
o ] 62.736
1 - — 54,838
1 _ . 52.236
1 43.656
s
(=] H
1 - . 37.399
1. 28.807
S 25.969
14 . 25.954
1 7. 25.777
23.735
22.381
22.319
22.092
18.470
18.389
] . -5.071
401 /—=5.317
1 3 mg -5.383
B - -5.413
1.
EREN
: 40 S



o s
H oo -OTBS
N

CbZ?  CO,CH;

600 MHz 'H NMR, CDCly

Fo

41

CE%

T T T

T T

ppm



002

08T

091

0 02 ov 03 0e 00T 021

wdd

J;LII»(I[AALIIL\\IJ|AlA‘lllLlIAllixx|l||l||11llll||]||likk1!‘l

oVt

g

T ORI 1

TS R TS T S N S

WU U VY O N

1

L

s bt

Ry e o

ALEToe

-——-——_184.386

Zq0

7

g 8
E
RoF
"
S
— e _142.730 Z
e
2
130.41s 5]
/128,763 “
— 128.523
128.204
\__128.093
117.101
92.053
77.212
77.000
76,831
76.788
62.666
 52.317
25.796
— 18.277
——-5.360

L/\‘S.AOZ

42




A~ OH
.., OTBS
H o o~
Y
N
Cbz CO,CHy
600 MHz *H NMR, CDCl,
AN
4
—
I . % AN % : ﬁf % -
, N
T T T T _ T T T T _ T T T T ﬁ T T T T J T T T T _ T T T T _ T T T T _ T T T T _ T T
7 6 5 4 3 2 1 0 ppm
_ Nmuwm . A
11.74

20.34
41.15




0ae

08T

08T

ovt

ST S Bt

171.966
156.621
T _155.617 =

€900 ‘YN D¢y ZHW 0Sb

zq0

€H4D%00

027

oY 089 08 00T

02

02-

wdd
NS NSO DU SR SN STV UNT SRS UGPSR GO S U HNN T  SAY HA ST U S SO T A R WA | T P S SRR B U ST NV TS NP VAN U0 VRISV EPS SUU ST S S S 0 S S0 T B UG S Y P S S SAPUI N NS SO G

44S

136.230
/ 133.746
— 130.242
130.204
129.104
128.500
128.169
128.062
124.839
116.936
116.613
(
. 84.822
82.798
77.212
77.000
76.788
71.735
70.658
J.390
66.958
\__66.831
Aﬁ\&:fs.oas
65.301
54.840
52.283
37.349
28.880
25.973 \
[ 25.792
25.773
18.177
18127
\
\
-5.510
~5/.606
-5.679




fTECLL?g

\g\\Lf

g

T T T

453



00T 0271 ovt 0971 0871 002
bt b e e g by b b e L b e 1

0%

ov 09

L1 NSRRI B SRR |

(104

wdd

|
AR

PTUD N N N Y e

P IV T N

—-194.645

171.962

143,835

136.242
130.204

/Z:ISO.llS
129.11%9

128.604

—128.500
128.162
128.054
126.616

117.016

92.922

-89.872

76.723

71.297

66.539

-62.,951
62.509

54.855

52.271

- 37.353

20

*HO%09

E1Da0 ‘HWWN D¢, ZHN 051

77.212
77,000
76.788

66.955

-—-25.857
55.838

.25.788
~-18.358

--18.323

-=5.125
-5.302

N —-—-5.371
—-~5.448

46 S



ey
\Qo o -OTBS
., OTBS
I/ [e) 0 .
N

Cbz CO,CH,

800 MHz 'H NMR, CDCl,

Q@
4
e :\l\\l - , \
R ;r \\l\\ .1\l\ll\|\| 7 l\\\ A —
_ | _g!
M i 0 s i ﬁ !
A S L N N ) N VLY. M. O N i
. \ T T 1‘\— - T T T 4 T T 4 T T T T ’ N T T T A ﬁ d T L
7 6 -5 q 3 1 -0 ppm
L : - - [ B e L e .
14.76 3.26 3.46 7.09 ' 24.82
10.56 9.68 5.62 10.36 1¢.490



oot 0zt ovT 0971 08T 002
[N NS N U B S S U T TR0 U T P S NS U S VA TS S U SN VO S S TS SN G S SO AT A

08

09

(137

) D ORI N U S S B

02

wdd

il il

- 171.870

—156.683
—————155.629

133.108

130.158

/F“130.581
/F*

129.027

T\ _128.496

128.146
128.058
126.177

e B e o e YT

125.439
-117.213

—92.841

————-91.187

70.027

R — 66.947

o \\ _66.908
66.758
65.355

- _62.666

\_s54.853

--52.263

- 37.337

25.954
25.923

_.18.358
\_18.212

-5.086
/) --5.167

-5.475
- -5.613

48 S

~\-25.900

\._25.834

£0a0 "YAN ¢, ZHW 0SL

77.212
/4;

77.000
76.788
71.420

299

*HO%02




Q oTBS

oy
Jog
.., OTBS
H o7 0" 7
N\
N

Cbz’”  CO,CHs
600 MHz 'H NMR, CDCly \

/

- NS

48

.

R S A

LA S R S

Ll L

2 1

A

6 5



08T

orT
|

021
i

00T

0971
|

172.293
T\—-171.970

n

P PO IV PPN D T T}

e o b

il

\.--18.458

—=5.117
. /. =5.229

<

\_~5.360

50 S

.
N /I
-
3 g
z 8
o
Nox
w “w
e
z
Z o
X
8 S )
130,431 2 g
130.165 N
129.973 9
— 128.508 a o
= 128,162 :
- \—128.073 \
. 127.331 S
126.227 ©
[7]
* 117.255
— o g2.941
91.034
77.212
/77,000
75,785
71.531
69.747
66.951
6o . 405
—— ————_64.705
————"“‘—‘“\(:62‘932
62.232
54.852
. 52.290
43.445
. __37.345
—25.946
25947
25.727
- 22,377
_22.358



oy
HO., _A_0
e
B ... OTBS

" oo OTBS
N

CO,CH,
600 MHz H NMR, CDCl,

51S



ov 09 0g 00T 021 ovTt 091 081
(S TR U O U S S S U VAU AN S NN VO N Y UV N TN U SV ST S ST N S B W

e

02-

wdd

| ST S U VAT S O ST A R 1

P

J S

'

T

i

1

NI DUV BT N S

[ ey e

170.463

155.929

136.069

128.150

98,922

128,539
128.239

£0aD ‘UWN Ogy ZHW 0SL

—77.212

4441_77.000
76.788

~——73.8627
71.766
\
—_— ~\\\;53.967
\ \_52.632
\_43.445
_25.896
25.757
22.354
27,308
18.446
18.362
-5.256
/[ ~5.279
Zs.421
-5.463

52 S



600 MHz 'H NMR, CD,0D
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The relative stereochemistry of 3a and 14a was determined by
various coupling constants from a series of tHNMR experiments

Compound-14a

S 59

HiHp J = 1.8 Hz
H, Hg J = 4.2 Hz
Ha Hs J = 10.2 Hz
Ha Hg J = 10 Hz

HyHy J = 1.2 Hz
H2"H3' J=6.0Hz
H3',H4' J=10.2 Hz
H4"H5' J=10.8 Hz

Hy H, J = 1.8 Hz
Hy H3 J = 4.6 Hz
H3,H4 J=9.0Hz
HyH5J=10.2 Hz

Hy Hy J = 1.8 Hz
Hy Ha J = 5.4 Hz
Ha Hy J = 9.6 Hz
H4'1H5' J=10.2 Hz



