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A Non-lterative, Flexible and Highly Stereoselectie
Synthesis of Polydeoxypropionates — Synthesis of

(+)-Vittatalactone

Christian F. Weise, Matthias Pischl, Andreas Pfaltz and Christoph Schneider*

1 General Methods

Unless otherwise noted, all reactions were caraetlin dry solvents under argon
atmosphere using standard vacuum line technidtiesnd**C NMR spectra were recorded in
CDCiI, solution using a Varian Gemini 2000 spectromet®0(81Hz) and Bruker Avance
DRX 400 (400 MHz). The signals were referencedesidual chloroform (7.26 ppniH,
77.15 ppm,*C). Chemical shifts are reported in ppm, multipies are indicated by s
(singulet), d (doublet), t (triplet), g (quartgh)(pentet), m (multiplet) and brs (broad singulet).
Melting points were determined uncorrected on atiBeeheating table. IR spectra were
obtained with a FTIR spectrometer (Genesis ATI BtaitUnicam). Optical rotations were
measured using a Polarotronic polarimeter (Sch&ittaensch). All ESI mass spectra were
recorded on a Bruker APEX Il FT-ICR. HPLC analysese carried out on a Jasco MD-2010
plus instrument with chiral stationary phase coluifidaicel Chiralcel OD-H column).
Solvents were distilled from indicated drying reaige dichlormethane (Ca}
tetrahydrofuran (Na, bezophenone), diethyl ethem, (Nbenzophenone), toluene (Na,
benzophenone). Diethyl ether, ethyl acetate andrexvere technical grade and distilled
from KOH. Flash column chromatography was perforrogdising Merck silica gel 60 230-
400 mesh (0.040-0.063 mm). Abbreviations for sdiyeare used as followed: Diethyl ether
(E), ethyl acetate (EA), hexane (Hex), dichlororaet (DCM). Spots were monitored by
thin-layer chromatography on precoated TLC Silicd 0 Fss plates (Merck), were
visualized by UV and treated with phosphomolybditdastaining solution, vanillin staining
solution, KMnQ, staining solution or formaldehyde staining solatioHydrogenation
experiments were carried out in a Premex MED 123#%hdave at the indicated reaction

conditions.
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2 Protection of Syn-Aldols

2.1 Synthesis of Benzoate la

OH O Bn

OBz O  Bn
N/g BzCl, py, cat. DMAP /g
4 : )

o DCM
e = O)\O

1a

3.12 g (9.47 mmol, 1.0 eq) &aldol product were dissolved in 40 mL of DCM and
cooled to 0°C. After addition of 1.53 mL (18.9 mma@l0 eq) of pyridine, 1.98 ml (17.1
mmol, 1.8 eq) of benzoyl chloride were added. Aalygic amount of DMAP (tip of spatula)
was added and the reaction mixture was stirred pigtt at RT. The reaction was quenched
by the addition of sat. aq. NaH@@nd diluted with ether. The organic phase was washed
twice with 1N HCI and dried over anhydrous,S&,. After removal of the solvent the crude
product was purified by flash column chromatogragbp/Hex 1/7— 1/5) to give 3.76 g
(8.70 mmol, 92%) ofla as a colorless, viscous oil.

[@]p?? =+ 52.1 (c = 1.21, CHG).

TLC: R = 0.33 (EA/Hex 1/4).

'H-NMR (300 MHz, CDC}, 26°C):d = 8.08 — 8.05 (m, 2H), 7.61 — 7.58 (m, 1H), 7.4B.44
(m, 2H), 7.34 — 7.25 (m, 3H), 7.20 — 7.17 (m, 26180 (d,J = 6.6 Hz, 1H ), 5.85 — 5.66 (m,
2H), 5.12 (s, 1H), 5.01 (dd,= 8.7, 6.6 Hz, 1H), 4.98 (s, 1H), 4.62(rhH), 4.25 (tJ = 8.7
Hz, 1H), 4.16 (ddJ = 9.0, 2.7 Hz, 1H), 3.21 (dd,= 13.5, 3.3 Hz, 1H), 2.79 (dd= 13.5, 9.2
Hz, 1H), 1.84 (s, 3H), 1.71 (dd= 6.0, 1.2 Hz, 3H) ppm.

¥C-.NMR (75 MHz, CDC}, 26°C): 6 = 171.6, 165.6, 153.4, 141.3, 135.2, 133.1, 131.9,
130.2, 129.8, 129.7, 129.6, 128.9, 128.5, 127.4,.22114.3, 76.47, 66.16, 55.39, 49.99,
37.64, 19.06, 18.21 ppm.

IR (Film) v (cm) = 3541, 3379, 3062, 3030, 2972, 2918, 2856, 22389, 1713, 1651,
1602, 1584, 1478, 1450, 1384, 1268, 1099, 10706,1989, 911, 830, 804, 761, 712, 671,
644, 595, 566, 506.

HR-MS (ESI): calcd. for: GsHo/NOsNa([M+Na]*): 456.17814; found: 456.17810.
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2.2 Synthesis of Benzoate 7

OH O
Bn OBz O Bn
N/g BzCl, py, cat. DMAP
> N
Y //\'\o DCM ):S
(0] = (0]

6 O

940 mg (2.85 mmol, 1.0 eq) dfaldol product were dissolved in 10 mL of DCM and
cooled to 0°C. After addition of 0.46 mL (1.49 mmd.0 eq) of pyridine, 0.59 mL
(2.34 mmol, 1.8 eq) of benzoyl chloride were addédccatalytic amount of DMAP (tip of
spatula) was added and the reaction mixture wagdtover night at RT. The reaction was
guenched by the addition of sat. aq. NaH@@d diluted with ether. The organic phase was
washed twice with 1N HCI and dried over JS&y. After removal of the solvent the crude
product was purified by flash column chromatograggjHex 1/3— 1/1) to give 1.17 g

(2.69 mmol, 95%) of as a colorless, viscous oil.

[0]o?* =+ 43.0 (c = 1.0, CHG).

TLC: R = 0.33 (EA/Hex 1/4).

'H-NMR (400 MHz, CDC}, 26°C):d = 8.08 — 8.02 (m, 2H), 7.61 — 7.53 (m, 1H), 7.50.42
(m, 2H), 7.33 = 7.23 (m, 3H), 7.21 — 7.14 (m, 26191 (d,J = 6.4 Hz, 1H), 5.87 — 5.75 (m,
1H), 5.68 (mg, 1H), 5.47 (dd) = 9.8, 6.4 Hz, 1H), 5.13 (s, 1H), 4.98 (s, 1HEA(m,, 1H),
4.25 (t,J = 8.9 Hz, 1H), 4.17 (dd] = 9.0, 2.7 Hz, 1H), 3.20 (dd,= 13.5, 3.3 Hz, 1H), 2.80
(dd,J =13.5, 9.2 Hz, 1H), 1.87 (s, 3H), 1.76 (dd; 6.8, 1.7 Hz, 3H) ppm.

¥C-NMR (100 MHz, CDC}, 26°C):6 = 171.7, 165.6, 153.5, 141.4, 135.2, 133.2, 130.5,
130.2, 129.8, 129.6, 129.0, 128.5, 127.4, 123.8.31176.71, 66.23, 55.49, 44.82, 37.73,
19.04, 13.95 ppm.

IR (Film) v (cmi!) = 3063, 3029, 2976, 2920, 1778, 1720, 1653, 16684, 1493, 1451,
1384, 1360, 1315, 1271, 1208, 1178, 1108, 10703,10826, 910, 788, 762, 711, 641, 595,
576, 505.

HR-MS (ESI): calcd. for: GsHo/NOsNa([M+Na]*): 456.17814; found: 456.17820.
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3 General Procedure for the Oxy-Cope Rearrangement ddyn-Aldols

OBz O Bn OBz O Bn
- WN X
toluene 7
R, = o)\o Ri Ry O)\O
R4 1a,7 2a, 8

The substrates were dissolved in toluene (10 mif/gubstrate), transferred into a
screw cap-round bottom flask and degassed withearst of argon for 5 min. The tube was
sealed and placed into a heating bath at the oractinditions indicated for each case. After
4-6 h the solvent was removed under reduced pressut the products were purified by flash

column chromatography (E/Hex 142 1/1).

3.1 Oxy-Cope Product 2a

OBz O Bn OBz O Bn

e WN £

P )\O toluene )\O
© 1a 2a O

According to the general procedure above 3.99.20(fnmol) ofla were heated to
180°C over a period of 4 h to give 3.79 g (8.74 hri6%) of2a as a viscous, colorless oil
after purification. The product solidified on stamgl

[a]p? =- 18.7 (c = 0.97, CHG).

TLC: R = 0.30 (EA/Hex 1/5).

Melting Point: 87 — 88°C

'H-NMR (300 MHz, CDC}4, 26°C):6 = 8.10 — 8.06 (m, 2H), 7.62 — 7.56 (m, 1H), 7.51.46
(m, 2H), 7.35 — 7.13 (m, 8H), 4.68 {niH), 4.21 — 4.12 (m, 2H), 3.29 (d#i= 3.3, 13.5 Hz,
1H), 2.75 — 2.67 (m, 2H), 2.38 (d,= 7.2 Hz, 2H), 1.74 (d) = 1.5 Hz, 3H), 1.65 (dJ =
6.6 Hz, 3H) ppm.

3C-NMR (75 MHz, CDC}, 26°C): 6 = 165.0, 163.5, 155.8, 153.4, 135.4, 133.3, 131.5,
129.8, 129.5, 129.4, 128.9, 128.6, 127.3, 119.8.9,166.10, 55.34, 37.86, 36.49, 35.06,
19.03, 18.00 ppm.

IR (Film) v (cm!) = 3534, 3350, 3068, 3063, 3029, 2964, 2919, 28740, 2254, 1778,
1731, 1681, 1633, 1601, 1583, 1491, 1479, 14524,18866, 1122, 1072, 1053, 1023, 1003,
945, 913, 876, 858, 803, 761, 750, 732, 711, 628, 617, 595, 572, 506.
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HR-MS (ESI): calcd. for: GsHo/NOsNa([M+Na]*): 456.17814; found: 456.17794.
HPLC: Chiralcel OD-H column, hexanePrOH = 92/8, flow rate = 0.8 mL miin tr = 28.3

min.

3.2 Oxy-Cope Product 7

(')Bz o] Bn OBz O Bn
@)‘LN/S L)- WN/S
_ )\O toluene E )‘O
6 O 7 O

According to the general procedure above 1.59 8(8amol) of 7 were heated to
200°C over a period of 6 h to give 1.338 g (3.090hr84%, 96:4) of7 as a viscous, colorless

oil after purification.

[0]o?* = +94.0 (c = 1.0, CHG).

TLC: R = 0.30 (EA/Hex 1/5).

'H-NMR (400 MHz, CDC}, 26°C):d = 8.12 — 8.05 (m, 2H), 7.62 — 7.55 (m, 1H), 7.5243
(m, 2H), 7.37 — 7.14 (m, 8H), 4.66 {miH), 4.21 — 4.11 (m, 2H), 3.29 (d#i= 13.4, 3.2 Hz,
1H), 2.81 — 2.65 (m, 2H), 2.38 (d= 7.5 Hz, 2H), 1.75 (d] = 1.5 Hz, 3H), 1.15 (d] = 6.7
Hz, 3H) ppm.

¥C-NMR (100 MHz, CDC}, 26°C):6 = 165.2, 163.6, 156.0, 153.5, 135.5, 133.4, 131.7,
129.9, 129.6, 129.5, 129.0, 128.7, 127.4, 119.9.(001166.22, 55.42, 37.99, 36.60, 35.12,
19.07, 18.16 ppm.

IR (Film) v (cm!) = 3525, 3088, 3028, 3006, 2970, 2954, 2914, 28854, 1781, 1718,
1680, 1632, 1601, 1583, 1490, 1477, 1452, 13855,1B511, 1270, 1207, 1173, 1145, 1122,
1073, 1051, 1026, 1001, 988, 945, 873, 858, 838, Ba9, 763, 750, 731, 707, 637, 589, 575,
560, 505, 437.

HR-MS (ESI): calcd. for: GsHo/NOsNa([M+Na]*): 456.17814; found: 456.17814.

HPLC: Chiralcel OD-H column, hexariéPrOH = 92/8, flow rate = 0.8 mL mifn major

isomer g = 26.4 min; minor isomegt= 37.9 min.
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4 General Procedure for the Hydrogenation of Oxy-Copd’roducts

OBz 0] Bn 2 mol % OBz 0] Bn
WN J§ [Ir(cod)31BAT WNJ>
* 85 atm H, *
RiR g RT, DCM RiRe =g
2,7 O \8h 4,80

In a glass vial equipped with a magnetic stir barevweighed the substrate and
2 mol % of the Ir-catalyst. The mixture was disgolun dry DCM (c = 0.3 — 0.6M). The vial
was placed into the hydrogenation autoclave whics 8ealed and purged once with
hydrogen. The reaction was stirred at room tempegatnder 80 — 90 atm of hydrogen for
18 h. The solvent was removed under reduced pesswt the products were purified by
flash column chromatography (E/Hex 142 1/1). For screening purposes 0.1 mmol of
substrate and 2 mol % of Ir-catalyst were dissolve@.5 mL of DCM and submitted to the

reaction conditions above. The diastereomeric esasewere determined by chiral HPLC.

4.1 Hydrogenation Product syn-4a

2 mol %
OBz 0] B OBz 0]
" [Ir(cod)ent-3d]BAr Bn
NN NN N >
/g 85 atm Hy K‘/\‘/\)LN/S
P RT, DCM )~
2a O 18h syn-4a O

1.80 g (4.15 mmol) o2a and 135 mg (0.083 mmol, 0.02 eq.) of [Ir(cad)3d]|BAr¢
were dissolved in 8 mL of DCM and submitted to téaction conditions above to give 1.78 g
(4.06 mmol, 98%, 97:8yn/anti) of syn-4a as a viscous, colorless oil after purification.

[@]p?? =+ 32.0 (c = 1.0, CHG).

TLC: R = 0.30 (EA/Hex 1/5).

'H-NMR (400 MHz, CDC}, 26°C):d =8.10 — 8.01 (m, 2H), 7.60 — 7.51 (m, 1H), 7.50397.
(m, 2H), 7.38 — 7.23 (m, 3H), 7.23 — 7.16 (m, 2#HB5 (m, 1H), 4.28 — 4.05 (m, 4H), 3.28
(dd,J = 13.4, 3.2 Hz, 1H), 2.96 @r2H), 2.72 (ddJ = 13.4, 9.7 Hz, 1H), 2.15 — 2.01 (m, 1H),
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1.85-1.63 (m, 2H), 1.57 — 1.44 (m, 2H), 1.21 301(m, 1H), 1.05 (dJ = 6.7 Hz, 3H), 0.98
(d,J=6.5 Hz, 3H) ppm.

13C-NMR (100 MHz, CDC}, 26°C):6 = 173.5, 166.7, 153.5, 135.42, 132.9, 130.5, 129.6
129.4, 129.0, 128.4, 127.4, 69.77, 66.24, 55.24174137.99, 33.20, 31.01, 30.29, 29.78,
20.02, 17.86 ppm.

IR (Film) v (cm) = 3062, 3029, 2958, 2925, 1782, 1715, 1602, 15852, 1387, 1352,
1314, 1274, 1212, 1112, 1070, 1053, 1026, 983, 8d6, 761, 744, 713, 674, 630, 595, 504.
HR-MS (ESI): calcd. for: GsHzNOsNa([M+Na]*): 460.20944; found: 460.20893.

HPLC: Chiralcel OD-H column, hexariéPrOH = 92/8, flow rate = 0.8 mL mifn major
diastereomergt= 35.7 min; minor diastereomeyr+ 39.1 min.

4.2 Hydrogenation Product anti-4a

2 mol %
0Bz Q  Bn li(cod)3d]BAry QB2 Q  Bn
WN/S 85 atm H, K/\‘/\)J\N/g
)\o RT, DCM : //\\O
22 O 18h anti-4a QO

1.14 g (2.62 mmol) o2a and 86 mg (0.052 mmol, 0.02 eq.) of [Ir(cBd)BArr were
dissolved in 5 mL of DCM and submitted to the reactconditions above to give 1.11 g

(2.53 mmol, 97%, 96:4nti/syn) of anti-4a as a viscous, colorless oil after purification.

[0]o?* =+ 25.0 (c = 1.0, CHG).

TLC: R = 0.30 (EA/Hex 1/5).

'H-NMR (400 MHz, CDC}, 26°C):6 =8.10 — 8.01 (m, 2H), 7.60 — 7.51 (m, 1H), 7.48397.
(m, 2H), 7.37 — 7.23 (m, 3H), 7.23 — 7.14 (m, 2#KE6 (m, 1H), 4.26 — 4.04 (m, 4H), 3.28
(dd,J = 13.4, 3.1 Hz, 1H), 2.97 (n2H), 2.76 (ddJ = 13.4, 9.6 Hz, 1H), 2.07 @nl1H), 1.84
—1.49 (m, 3H), 1.39 — 1.23 (m, 2H), 1.01dd 6.7 Hz, 3H), 0.94 (d] = 6.3 Hz, 3H) ppm.
¥C-NMR (100 MHz, CDC}, 26°C):6 = 173.5, 166.6, 153.5, 135.4, 132.9, 130.6, 129.6,
129.5, 129.0, 128.4, 127.4, 70.30, 66.21, 55.21774037.96, 33.34, 31.99, 30.34, 29.73,
19.20, 16.87 ppm.

IR (Film) v (cm') = 3541, 3063, 3030, 2960, 2925, 1783, 1716, 16684, 1496, 1452,
1386, 1352, 1314, 1273, 1211, 1111, 1070, 10526,1982, 936, 788, 712, 675, 631, 594,
565, 505.
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HR-MS (ESI): calcd. for: GsHzNOsNa([M+Na]*): 460.20944; found: 460.20912.
HPLC: Chiralcel OD-H column, hexariéPrOH = 92/8, flow rate = 0.8 mL miip minor
diastereomergt= 35.7 min; major diastereomer 39.1 min.

4.3 Hydrogenation Product anti-8

2 mol %
QB2 O BN rcodjent-3dBAr,  OBZ Q  Bn
x N -
: NJ} 85 atm H, K‘/\/\)LN/S
: P RT, DCM : P
7 O 18h anti-8 O

1.12 g (2.58 mmol) o7 and 84 mg (0.051 mmol, 0.02 eq.) of [Ir(ceat}3d]BAre
were dissolved in 5 mL of DCM and submitted to teaction conditions above to give 1.07 g

(2.45 mmol, 95%, 94:@nti/syn) of anti-8 as a viscous, colorless oil after purification.

[@]p** =+ 38.0 (c = 1.0, CHG).

TLC: R =0.30 (EA/Hex 1/5).

'H-NMR (300 MHz, CDC}4, 26°C):6 =8.09 — 8.01 (m, 2H), 7.60 — 7.51 (m, 1H), 7.49407.
(m, 2H), 7.37 — 7.24 (m, 3H), 7.24 — 7.15 (m, 28,3 — 4.60 (m, 1H), 4.26 — 4.04 (m, 4H),
3.29 (dd,J = 13.3, 3.2 Hz, 1H), 2.97 @,= 7.7 Hz, 2H), 2.76 (dd} = 13.3, 9.6 Hz, 1H), 2.15
—1.97 (m, 1H), 1.85 — 1.44 (m, 3H), 1.39 — 1.23 2iH), 1.01 (dJ = 6.7 Hz, 3H), 0.94 (d]

= 6.4 Hz, 3H) ppm.

3C-NMR (75 MHz, CDC}, 26°C): 6 = 173.6, 166.7, 153.5, 135.4, 132.9, 130.6, 129.6,
129.5, 129.0, 128.4, 127.4, 70.32, 66.25, 55.2578}038.02, 33.39, 32.06, 30.38, 29.78,
19.24 ppm.

IR (Film) v (cmi!) = 3468, 3065, 3030, 2961, 2920, 1785, 1718, 16@%2, 1385, 1351,
1314, 1273, 1211, 1111, 1070, 1026, 982, 787, 762, 629.

HR-MS (ESI): calcd. for: GsHzNOsNa([M+Na]*): 460.20944; found: 460.20925.

HPLC: Chiralcel OD-H column, hexaridPrOH = 92/8, flow rate = 0.8 mL nif minor

diastereomerzt= 29.3 min; major diastereomer 35.8 min.
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4.4 Hydrogenation Product syn-8

2 mol %
OBz 0
0Bz o pn [Ir(cod)3d]BAr: o~ #
: N/g 85 atm H2 H : /g
: P RT, DCM = = P
7 O 18h syn-8 O

1.11 g (2.57 mmol) o and 84 mg (0.051 mmol, 0.02 eq.) of [Ir(cBd)BArg were
dissolved in 5 mL of DCM and submitted to the reactconditions above to give 1.10g

(2.52 mmol, 98%, 92:8yn/anti) of syn-8 as a viscous, colorless oil after purification.

[@]p** =+ 34.0 (c = 1.0, CHG).

TLC: R = 0.30 (EA/Hex 1/5).

'H-NMR (300 MHz, CDC}, 26°C):d =8.09 — 8.00 (m, 2H), 7.61 — 7.50 (m, 1H), 7.50397.
(m, 2H), 7.37 — 7.23 (m, 3H), 7.23 — 7.15 (m, 28B4 (m, 1H), 4.27 — 4.05 (m, 4H), 3.28
(dd,J = 13.4, 3.3 Hz, 1H), 2.96 @,= 7.7 Hz, 2H), 2.76 (dd] = 13.4, 9.6 Hz, 1H), 2.09 (n
1H), 1.90 — 1.62 (m, 2H), 1.56 — 1.39 (m, 2H), 1-24.08 (m, 1H), 1.05 (dl = 6.7 Hz, 3H),
0.98 (d,J = 6.4 Hz, 3H) ppm.

3C-NMR (75 MHz, CDC}, 26°C): 6 = 173.5, 166.7, 153.5, 135.4, 132.9, 130.6, 129.6,
129.5, 129.0, 128.5, 127.4, 69.78, 66.25, 55.25104138.02, 33.20, 31.01, 30.30, 29.78,
20.08, 17.86 ppm.

IR (Film) v (cmi!) = 3541, 3063, 3029, 2958, 2925, 2254, 1782, 11652, 1584, 1452,
1387, 1352, 1314, 1275, 1212, 1112, 1070, 10536,1923, 915, 845, 806, 761, 713, 674,
631, 594, 504.

HR-MS (ESI): calcd. for: GsHzNOsNa([M+Na]*): 460.20944; found: 460.20926.

HPLC: Chiralcel OD-H column, hexariéPrOH = 92/8, flow rate = 0.8 mL mifn major
diastereomergt= 29.3 min; minor diastereomeyr+ 35.8 min.
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5 General Procedure for thea-Methylation of Hydrogenation Products

The hydrogenation products were dissolved in ardugl THF (c = 0.2 M), cooled to
-78°C and a solution of 2M NaHMDS in THF (1.15 ewgs added dropwise. The reaction
was stirred for 45 min and Mel (1.50 eq) was addéw: reaction was quenched with a few
drops of sat. ag. Ni&I after TLC analysis indicated full conversionstarting material (3 —
4h). The solvent of the reaction mixture was rendouader reduced pressure and the crude
mixture was directly subjected to a silica gel cofuwith a plug of anhydrous B8O, using
toluene. Flash column chromatography (E/Hex 431/1) gave the methylated products.

NMR spectra showed only a single diastereomer.

5.1 alpha-Methylation of syn-4a

OBz 0 Bn OBz 0] Bn
NaHMDS, Mel
THF, -78°
syn-4a O © syn, syn-5 O//\'\O

3.15 g (7.20 mmol, 1.0 egyn-4awere dissolved in 36 mL THF, treated with 4.14 mL
(8.28 mmol, 1.15 eq) of NaHMDS (2M in THF) and 0.&L (10.80 mmol, 1.50 eq) Mel
according to the general procedure above. Puiibicaif the crude product gave 3.03 g (6.72

mmol, 93%)syn, syn-5 as a colorless, viscous oil.

[@]p?? =+ 38.0 (c = 1.0, CHG).

TLC: R = 0.39 (EA/Hex 1/5).

'H-NMR (400 MHz, CDC}, 26°C):d =8.07 — 8.03 (m, 2H), 7.59 — 7.52 (m, 1H), 7.49417.
(m, 2H), 7.37 — 7.24 (m, 3H), 7.23 — 7.17 (m, 2#KE6 (m, 1H), 4.28 — 4.12 (m, 3H), 4.08
(dd,J = 10.7, 6.8 Hz, 1H), 3.91 ¢n1H), 3.24 (ddJ = 13.4, 3.2 Hz, 1H), 2.76 (dd,= 13.4,

9.5 Hz, 1H), 2.10 (@ 1H), 1.94 (rg, 1H), 1.56 (g, 1H), 1.50 — 1.41 (m, 1H), 1.21 @~

6.9 Hz, 3H), 1.17 — 1.08 (m, 2H), 1.05 {d; 6.7 Hz, 3H), 0.93 (d] = 6.5 Hz, 3H) ppm.
¥C-NMR (100 MHz, CDC}, 26°C):6 = 177.2, 166.8, 153.1, 135.4, 132.9, 130.6, 129.6,
129.6, 129.0, 128.5, 127.4, 69.82, 66.10, 55.33604140.68, 37.94, 35.45, 30.21, 28.29,
20.50, 18.76, 18.00 ppm.

10
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IR (Film) v (cmi!) = 3541, 3063, 3029, 2960, 2929, 1779, 1715, 16684, 1453, 1386,
1350, 1314, 1274, 1112, 1071, 1052, 1026, 973, 822,807, 761, 744, 713, 688, 592, 506.
HR-MS (ESI): calcd. for: GHzaNOsNa([M+Na]*): 474.22509; found: 474.22500.

5.2 alpha-Methylation of anti-4a
Bn

OBz (@]
K/\‘/\)L /S NaHMDS, Mel K/Y\‘)L /g
=N N
THF, -78°C :
: G

anti-4a O anti, syn-5 O

658 mg (1.50 mmol, 1.0 e@hti-4a were dissolved in 7.5 mL THF, treated with 0.865
mL (1.73 mmol, 1.15 eq) of NaHMDS (2M in THF) and®0 mL (2.26 mmol, 1.50 eq) Mel
according to the general procedure above. Purificadf the crude product gave 630 mg
(2.40 mmol, 93%anti, syn-5 as a colorless, viscous oil.

[@]p?? =+ 28.0 (c = 1.0, CHG).

TLC: Rr = 0.39 (EA/Hex 1/5).

'H-NMR (400 MHz, CDC}4, 26°C):6 =8.09 — 8.01 (m, 2H), 7.58 — 7.51 (m, 1H), 7.47407.
(m, 2H), 7.36 — 7.24 (m, 3H), 7.23 — 7.18 (m, 2HK8 (m, 1H), 4.23 — 4.07 (m, 4H), 3.90
(me, 1H), 3.24 (ddJ = 13.4, 3.3 Hz, 1H), 2.76 (dd,= 13.4, 9.5 Hz, 1H), 2.05 @gnlH), 1.90
(me, 1H), 1.56 (rg, 1H), 1.23 (dJ = 6.9 Hz, 3H), 1.30 — 1.16 (m, 3H), 1.01 {d+ 6.7 Hz,
3H), 0.89 (dJ = 6.5 Hz, 3H) ppm.

¥C-NMR (100 MHz, CDC}, 26°C):6 = 177.3, 166.7, 153.1, 135.4, 132.9, 130.6, 129.6,
129.5, 129.0, 128.4, 127.4, 70.17, 66.08, 55.32304140.84, 37.92, 35.45, 30.29, 28.15,
19.89, 18.53, 17.01 ppm.

IR (Film) v (cm) = 3541, 3063, 3029, 2961, 2929, 2874, 1778, 11662, 1584, 1453,
1386, 1350, 1314, 1274, 1209, 1112, 1071, 10516,1923, 922, 839, 806, 761, 745, 713,
624, 593, 506.

HR-MS (ESI): calcd. for: GHzaNOsNa([M+Na]*): 474.22509; found: 474.22483.

5.3 alpha-Methylation of anti-8
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OBz 0] Bn OBz (@] Bn
NaHMDS, Mel
: E:S THF, -78°C H N/g
| S R
anti-8 O anti, anti-5 O

505 mg (1.15 mmol, 1.0 e@nti-8 were dissolved in 6 mL THF, treated with
0.664 mL (1.33 mmol, 1.15 eq) of NaHMDS (2M in TH&)d 0.108 mL (1.73 mmol, 1.50
eq) Mel according to the general procedure aboudfi€ation of the crude product gave 484
mg (1.07 mmol, 93%anti, anti-5 as a colorless, viscous oil.

[a]p** =+ 43.0 (c = 1.0, CHG).

TLC: Rr = 0.39 (EA/Hex 1/5).

'H-NMR (400 MHz, CDC}, 26°C):6 =8.08 — 7.98 (m, 2H), 7.61 — 7.49 (m, 1H), 7.48397.
(m, 2H), 7.37 — 7.14 (m, 5H), 4.67 {nH), 4.28 — 3.99 (m, 4H), 3.87 {mH), 3.27 (dd, =
13.3, 3.2 Hz, 1H), 2.77 (dd,= 13.3, 9.6 Hz, 1H), 2.03 gnl1H), 1.73 — 1.53 (m, 2H), 1.42
(me, 2H), 1.34 — 1.23 (m, 2H), 1.22 (@= 6.7 Hz, 3H), 0.98 (d] = 6.7 Hz, 3H), 0.91 (d] =
6.1 Hz, 3H) ppm.

¥C-NMR (100 MHz, CDC}, 26°C):6 = 177.7, 166.7, 153.1, 135.4, 132.9, 130.6, 129.6,
129.5, 129.0, 128.5, 127.4, 70.31, 66.12, 55.52304138.02, 35.45, 30.40, 27.94, 19.19,
17.38, 16.85 ppm.

IR (Film) v (cm) = 3541, 3063, 3029, 2963, 2928, 2255, 1780, 11662, 1584, 1453,
1387, 1350, 1314, 1274, 1210, 1112, 1070, 10526,1922, 914, 841, 806, 761, 734, 713,
648, 593, 506.

HR-MS (ESI): calcd. for: GHzaNOsNa([M+Na]*): 474.22509; found: 474.22480.

5.4 alpha-Methylation of syn-8

OBz O OBz O
L ¢" NaHMDS Mel P
D ;\J} THF, -78°C - NJ}
: o R S
syn-8 O syn, anti-5 O

265 mg (0.605 mmol, 1.0 egyn-8 were dissolved in 3 mL THF, treated with
0.348 mL (0.696 mmol, 1.15 eq) of NaHMDS (2M in THind 0.057 mL (0.91 mmol, 1.50
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eqg) Mel according to the general procedure abougfi€ation of the crude product gave 250

mg (0.557 mmol, 92%gyn, anti-5 as a colorless, viscous oil.

[@]p** =+ 37.0 (c = 1.0, CHG).

TLC: R = 0.39 (EA/Hex 1/5).

'H-NMR (400 MHz, CDC}, 26°C):6 =8.06 — 7.99 (m, 2H), 7.58 — 7.52 (m, 1H), 7.49447.
(m, 2H), 7.37 — 7.23 (m, 3H), 7.23 — 7.17 (m, 2#§4 (qd,J = 6.7, 3.1 Hz, 1H), 4.23 — 4.11
(m, 3H), 4.05 (ddJ = 10.7, 6.7 Hz, 1H), 3.85 @gnlH), 3.25 (dd,) = 13.3, 3.2 Hz, 1H), 2.76
(dd,J = 13.3, 9.6 Hz, 1H), 2.05 @gn1H), 1.71 — 1.60 (m, 1H), 1.61 — 1.51 (m, 1H}8L-
1.38 (m, 2H), 1.20 (d] = 6.8 Hz, 3H), 1.15 — 1.06 (m, 1H), 1.03 Jd&; 6.7 Hz, 3H), 0.95 (d,
J=6.4 Hz, 3H) ppm.

¥C-NMR (100 MHz, CDC}, 26°C):6 = 177.6, 166.8, 153.1, 135.5, 133.0, 130.5, 129.6,
129.6, 129.0, 128.5, 127.4, 69.78, 66.13, 55.49%74140.41, 38.00, 35.42, 30.24, 27.99,
20.05, 17.99, 17.28 ppm.

IR (Film) v (cm') = 3541, 3063, 3029, 2962, 2928, 1780, 1716, 16684, 1453, 1387,
1350, 1314, 1274, 1210, 1112, 1070, 1053, 1026,922, 788, 761, 712, 626, 593, 506.
HR-MS (ESI): calcd. for: GH33sNOsNa([M+Na]*"): 474.22509; found: 474.22482.

6 Derivatization of syn, syn-5

6.1 Hydrolytic Cleavage of Auxiliary™!

OBz (0] Bn OBz 0
\ LIOH, H,0,
- OH
G THF / H,0
syn, syn-5 O

185 mg (0.410 mmol, 1.0 egyn, syn-5 were dissolved in 8 mL of a 3/1 mixture of
THF/water and cooled to 0°C. After the addition0of75 mL (2.05 mmol, 5.0 eq) hydrogen
peroxide (35%), 65 mg (0.86 mmol, 2.0 eq) LIOH (56%ere added. The reaction was
stopped after 90 min by the addition of 1.50 m2&mmol) 1.5N NgS0;. After removal of
the THF under reduced pressure the mixture wasetadfwith bicarbonate to maintain a
basic pH. The aqueous phase was washed twice vt Bnd then acidified by dropwise
addition of conc. HCI. The aqueous phase was thénaaed three times with ethyl acetate

and dried over anhydrous pBO,. After removal of the solvent the crude productswa

13



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

purified by filtration through a plug of silica (EHex 1/1) to give 96 mg (0.33 mmol , 80%)
of the acid as a colorless liquid.

[a]p** =+ 8.0 (c = 1.0, CHG).

TLC: R = 0.65 (EA/Hex 1/1).

'H-NMR (300 MHz, CDC}, 26°C):6 = 11.32 (brs, 1H), 8.08 — 8.00 (m, 2H), 7.59 — 750 (
1H), 7.49 — 7.38 (m, 2H), 4.20 (dd,= 10.7, 5.4 Hz, 1H), 4.08 (dd,= 10.7, 6.7 Hz, 1H),
2.58 (m, 1H), 2.07 (rg, 1H), 1.79 (rs, 1H), 1.65 (rg, 1H), 1.47 — 1.33 (m, 1H), 1.18 @=
7.0 Hz, 3H), 1.15 — 1.04 (m, 2H), 1.01 {d& 6.7 Hz, 3H), 0.95 (d] = 6.5 Hz, 3H) ppm.
3C-NMR (75 MHz, CDC}, 26°C): 6 = 183.5, 166.8, 132.9, 130.5, 129.6, 128.4, 69.90,
41.46, 40.88, 37.35, 30.15, 28.26, 20.36, 18.1%H4.Fpm.

IR (Film) v (cm) = 2963, 1719, 1602, 1584, 1453, 1383, 1314, 12146, 1113, 1070,
1026, 970, 805, 712, 687, 675.

HR-MS (ESI): calcd. for: GH»40:Na([M+Na]"): 315.15668; found: 315.15696.

6.2 Reductive Cleavage of Auxiliary"
OBz OH

OBz O Bn
TUT S
N L
)\ THF / H,0
0]

syn, syn-56 O

2.81 g (6.22 mmol, 1.0 eq) &yn, syn-5 were dissolved in 30 mL of a 3/1 mixture of
THF/water and cooled to 0°C. 1.41 g (33.3 mmol, &q) NaBH were added in one portion
and the reaction was warmed to RT overnight. Afi@én another 2.0 eq NaBHvere added
and the reaction was quenched with sat. ag,iidfter TLC showed full consumption of the
starting material (prolonged reaction time leadsht® diol as byproduct). The reaction was
diluted with ether and the organic phase was wastidd water and dried over anhydrous
NaSO;. Removal of the solvent under reduced pressure amification by flash column
chromatography (EA/Hex 1/4-1/3) gave 1.56 g (5.59 mmol, 90%) of the alcoholaas
colorless liquid.

[@]p??=-12.0 (c = 1.0, CHG).
TLC: R = 0.57 (EA/Hex 1/2).
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'H-NMR (300 MHz, CDC}, 26°C):d =8.08 — 8.01 (m, 2H), 7.60 — 7.52 (m, 1H), 7.48397.
(m, 2H), 4.23 (dd) = 10.8, 5.0 Hz, 1H), 4.10 (dd,= 10.8, 6.7 Hz, 1H), 3.51 (dd,= 10.5,

5.1 Hz, 1H), 3.38 (ddJ = 10.5, 6.6 Hz, 1H), 2.05 @gnlH), 1.81 — 1.57 (m, 2H), 1.55 — 1.23
(m, 3H), 1.03 (dJ) = 6.7 Hz, 3H), 1.10 — 0.97 (m, 1H), 0.94 Jc&s 6.5 Hz, 3H), 0.90 (d] =

6.7 Hz, 3H)ppm.

3C-NMR (75 MHz, CDC}, 26°C): 6 = 166.8, 133.0, 130.6, 129.6, 128.5, 69.61, 68.17,
41.41, 41.29, 33.14, 30.35, 27.77, 20.93, 18.3&1Bpm.

IR (Film) v (cmi!) = 3427, 3063, 2957, 2918, 1719, 1602, 1584, 14387, 1314, 1274,
1197, 1176, 1114, 1070, 1027, 973, 806, 780, 782, 674.

HR-MS (ESI): calcd. for: GH.404Na([M+Na]*): 301.17796; found: 301.17752.

6.3 Elongation to Tetradeoxypropionate Chain Applying Myers’ Method

\)OL /k 1.LDA, LiCl, -78°C  OTBS 0 /'V
N MN eh
I OH z = z =

, OTBS |
NN NG

£ 2 G 10
THF, 0°C

To a suspension of 112 mg (2.65 mmol, 6.0 eq) amugLiCl in 1.5 mL THF were
added 0.264 mL (1.88 mmol, 4.25 eq) diisopropylrenand 0.743 mL (1.86 mmol, 4.2 eq)
nBuLi (2.5M in hexane) at -78°C. The mixture wagrstl for 20 min, then a solution of 205
mg (0.928 mmol, 2.1 eq) pseudoephedrine amide mL2THF was added dropwise and
stirred for 90 min. The reaction mixture was warne@®°C and a solution of 176 mg (0.442
mmol, 1.0 eq) iodide in 1 mL THF was added. Thectiea was allowed warm to RT over
night and stirred for an additional 18h. Excesslaeowas quenched by the addition of sat.
ag. NHCIl. The mixture was diluted with diethyl ether, Wwad with water and sat. aqg.
NaHCG;. The organic phase was dried over anhydrou$S®8aand the solvent was removed
under reduced pressure. The crude product wasiguuiify flash column chromatography
(E/Hex 1/1-> 7/3) to give 162 mg (0.329 mmol, 75%) of tetradgowpionatelO as a

viscous, colorless oil.

[a]p>* = +36.0 (c = 1.0, CHG).
TLC: R = 0.39 (E/Hex 7/3).
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'H-NMR (6:1 rotamer ratio, asterisk denotes minor rotapeaks, 400 MHz, CDGJ 26°C):

8 =7.40 — 7.20 (m, 5H), 4.65 — 4.51 (m, 1H), 4.465( 1H), 4.09* (my 1H), 3.45 (ddJ = 9.7,
5.0 Hz, 1H), 3.33 (dd] = 9.7, 6.6 Hz, 1H), 3.04 — 2.91* (m, 1H), 2.88* 881), 2.84 (s, 3H),
2.76 — 2.63 (m, 1H), 2.04 — 1.89* (m, 1H), 1.77%,(&H), 1.72 — 1.55 (m, 2H), 1.45 {miH),
1.28 (m, 1H), 1.13 (dJ = 6.9 Hz, 3H), 1.05 (d] = 6.7 Hz, 3H), 1.01 — 0.79 (m, 19H), 0.75
(d,J=6.6 Hz, 3H), 0.02 (s, 6H) ppm.

3C-NMR (6:1 rotamer ratio, asterisk denotes minor rotapestks, 100 MHz, CDG| 26°C):
0=179.1, 177.8*, 142.7, 141.4*, 128.8*, 128.4, 1271.87.1*, 126.4, 76.56, 75.32*, 68.16,
59.25* 58.17, 45.78*, 45.56, 41.43*, 41.28, 41.38.10, 33.26, 33.18, 28.02*, 27.93,
27.56*, 27.47, 26.11*, 26.07, 21.29* 21.11* 20.2®.82, 18.93*, 18.45, 18.26, 18.12%
18.01, 15.56*, 14.52, -5.3%pm.

IR (Film) v (cm) = 3385, 3063, 3029, 2955, 2928, 2856, 1621, 14@P8, 1376, 1298,
1253, 1098, 1051, 1006, 938, 836, 786, 701, 666, 52

HR-MS (ESI): calcd. for: GHs3sNOsSiNa([M+Na]*): 514.369242; found: 514.36936.

7 Total Synthesis of (+)-Vittatalactone

7.1 Synthesis of Hydroxy Ester

OBz O Bn OH 0O

NaOMe
YT T
)_ 3 DCM/MeOH

o RT, 1d

syn, syn-5

To a solution ofsyn, syn-5 (1.10 g, 2.43 mmol, 1.0 eq) in DCM (24 mL, c = 01}
was added NaOMe (2.24 mL, 5.4 M in MeOH, 12.2 mnadD, eq). After stirring at room
temperature for 24 hours full conversion was ingidaby TLC. The reaction mixture was
diluted with a phosphate buffer solution pH 7 (30)rand water (30 mL) and extracted with
ehter (3 x 50mL). The combined organic extractsewdmed over anhydrous &0, and
solvent was removed under reduced pressure. Thdueesvas purified by silica gel
chromatography (EA/Hex 1/6> 1/4) to afford 347 mg (1.72 mmol, 71 %) of the rod/

ester as a colorless oil.

[a]o> =+ 41.3 (c = 1.10, CHG).
TLC: R = 0.77 (EA/Hex 1:1).
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'H-NMR (400 MHz, CDC}, 26°C): 6 = 3.63 (s, 3H), 3.44 (dd| = 5.4, 10.5 Hz, 1H), 3.34
(dd,J = 6.5, 10.5 Hz, 1H), 2.54 ¢n1H), 1.86 (s, 1H), 1.76 — 1.63 (m, 2H), 1.49 391(m,
1H), 1.26 (ddd,) = 6.3, 7.4, 13.7 Hz, 1H), 1.11 @@= 7.0, 3H), 1.01 (ddd] = 4.9, 9.2, 13.9
Hz, 1H), 0.92 (ddd) = 6.3, 7.5, 14.1 Hz, 1H), 0.86 (@= 6.6 Hz, 6H) ppm.

¥C-NMR (101 MHz, CDC}, 26°C):6 = 177.6, 68.26, 51.52, 41.29, 41.21, 37.47, 33.03,
28.38, 20.47, 18.36, 17.12 ppm.

IR (Film) v (cm) = 3434, 2954, 2928, 2874, 1738, 1461, 1437, 13282, 1196, 1174,
1092, 1041, 987, 827, 764.

HR-MS (ESI): calcd. for GH2303([M+H]"): 203,16417; found: 203,16418.

Synthesis of lodo Ester 12

OH 0O [ 0

PPh_;) ImH, 12
OMe =~ OMe
W CH;CN/ERO M

RT, 2h
12

To a solution of the hydroxy ester (44.4 mg, 0.21@0l, 1.0 eq) in a 1/1 mixture
of ether/CHCN (1.0 mL, ¢ = 0.2 M) was added RP{®8.0 mg, 0.373 mmol, 1.7 eq),
imidazole (27.0 mg, 0.394 mmol, 1.9 eq), apgl05 mg, 0.416 mmol, 1.8 eq). The mixture
was stirred at room temperature for 2 h until ftdinversion was indicated by TLC. The
residual iodine was reduced with sat. ag;®a@s (10 ml) and stirred for 30 minutes. The
mixture was extracted with ether (3 x 10 mL) and dombined organic extracts were dried
over anhydrous N&O,. Removal of the solvent under reduced pressurepaniéfication by
silica gel chromatography (E/Hex 1/40) gave 64.3(g06 mmol, 94 %) of iodo est&R as

a colorless oil.

[@]o>® =+ 5.6 (c = 1.10, CHG).

TLC: Rr= 0.51 (E/Hex 1:20).

'H-NMR (300 MHz, CDC}, 26°C):6 = 3.67 (s, 3H), 3.22 (dd,= 4.3, 9.6 Hz, 1H), 3.13 (dd,
J=15.8, 9.6 Hz, 1H), 2.58 (n1H), 1.71(ddd) = 4.5, 9.1, 13.9 Hz, 1H), 1.58 — 1.38 (m, 2H,
6H), 1.29 (ddd,) = 6.8, 6.8, 13.6 Hz, 1H), 1.16 (@= 7.0 Hz, 3H), 1.16 — 0.97 (m, 2H), 0.95

(d,J = 6.5 Hz, 3H), 0.89 (d] = 6.5 Hz, 3H) ppm.
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13C NMR (75 MHz, CDCI 26°C)5 = 177.4, 51.65, 44.24, 41.40, 37.43, 31.73, 28234,
20.06, 19.25, 18.28, 18.18 ppm.

IR (Film) v (cm*) = 2957, 1737, 1460, 1434, 1379, 1311, 1260, 11941, 1090, 987, 827,
608, 588.

HR-MS (ESI): calcd. for GiH2,0, ([M+H]"): 313,06590; found: 313,06574.

7.2 (2S,4S,65)-Methyl 2,4,6,8-tetramethylnonanoate

| O L12CuC14’ NMP, O

i-PrMgCl
THF

12 RT, 0.5h

To a solution of iodidd.2 (2.39 g, 7.66 mmol, 1.0 eq) and,CuCl, (3.83 mL, 0.38
mmol, ¢ =1 M in THF, 5 mol %) in a mixture of TH#.5 mL, 1 M) and NMP (3.0 mL, 30.6
mmol, 4.0 eq) were added dropwise, at room tempexatl0.0 mL isopropyl magnesium
chloride (1.0 M solution in THF, 10.0 mmol, 1.3 e§}irring was continued for 30 minutes
until full conversion was indicated by TLC. The passion was quenched with sat. ag.
NH4CI (50 mL) and stirred for another 30 minutes. Tilgture was extracted with ether (3 x
50mL) and solvent was removed under reduced presshe combined organic extracts were
dried over anhydrous N8O, and the residue was purified by silica gel chraygedaphy
(E/Hex 1/40) to afford 1.35 g (5.91 mmol, 77 %)lué ester as a colorless oll.

[@]o> =+ 5.1 (c = 1.00, CHG).

TLC: Rr= 0.67 (E/Hex 1:20).

'H-NMR (300 MHz, CDC}, 26°C): 6 = 3.65 (s, 3H), 2.55 (m1H), 1.71 (ddd, = 4.2, 9.3,
13.9 Hz, 1H), 1.66-1.40 (m, 3H), 1.13 (M= 6.9 Hz, 3H), 1.18 — 0.75 (m, 5H), 0.85 {d=

6.6 Hz, 6H), 0.82 (dJ = 6.6 Hz, 3H), 0.79 (d] = 6.5 Hz, 3H) ppm.

¥C NMR (75 MHz, CDC}, 26°C): 6 = 176.4, 50.35, 45.74, 44.69, 40.31, 36.36, 27.12,
26.42, 24.16, 22.60, 21.11, 19.25, 19.12, 17.18.ppm
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IR (Film) v (cmi) = 2955, 2870, 1740, 1612, 1381, 1261, 1171, 11681, 794.
HR-MS (ESI): calcd. for G4H20.Na([M+Na]*): 251,19815; found: 251,19816.

(2S,4S,69)-2,4,6,8-Tetramethylnonanal 13

0] 0]

DIBAH
OMe = H
DCM
-90°C, 2h 13

To a solution of the ester (260 mg, 1.14 mmol,dg)P in 5.5 mL DCM (c = 0.2 M)
was added dropwise over 10 minutes at -90°C DIBAH4 ml, 1M in Hexane, 1.0 eq). The
solution was warmed to -78°C over 2h and full cosian was indicated by GC-MS. The
suspension was quenched with 5 mL methanol andtiite residue was dissolved in 5 mL of
2N H,SO,. The mixture was extracted with ether (3 x 20 nabd the combined organic
extracts were dried over anhydrous,8@,. Removal of the solvent under reduced pressure
and purification by silica gel chromatography (EXHE20) gave 204 mg (1.03 mmol, 90 %)
of aldehydel3 as a colorless oil.

[a]o>=- 2.6 (c = 1.10, CHG).

TLC: Rr=0.90 (E/Hex 1/20).

'H-NMR (300 MHz, CDC}, 26°C): 6 = 9.56 (d,J = 2.6 Hz, 1H), 2.43 (g1 1H), 1.76 — 1.48
(m, 6H), 1.21 — 1.01 (m, 3H), 1.06 @@= 7.0 Hz, 3H), 0.98 — 0.88 (m, 2H), 0.86 {ds 6.5

Hz, 3H), 0.85 (dJ = 6.6 Hz, 3H), 0.82 (d] = 6.5 Hz, 3H), 0.81 (d] = 6.5 Hz, 3H) ppm.

3C NMR (75 MHz, CDC}, 26°C): § = 204.3, 45.41, 44.60, 43.06, 37.37, 26.77, 26.53,
24.17, 22.73, 20.95, 19.37, 19.32, 13.36 ppm.

IR (Film) v (cm™) = 2956, 1708, 1465, 1415, 1384, 1227, 1093, 192D, 824, 642, 562.
HR-MS (ESI): calcd. for GzH2:ONa([M+Na]*): 221,18759; found: 221,18781.

7.3 Synthesis of Norephedrine Ester 14 bgnti-Aldol-Reaction
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O O Ph SO,Mes NEt, OH O Ph SO,Mes
| H N (c-Hex),BOTf 5 N
AR SN T T S I
DCM :
13 -78°C 14

Into a 25 mL round-bottom flask was placed norepinedester (403 mg, 0.84 mmaol,
1.0 eq), DCM (4.2 mL, ¢ = 0.2M) and NHED.28 mL, 2.02 mmol, 2.4 eq). The solution was
cooled to -78°C and 1.85 mL of a freshly prepam@dtgn of dicyclohexylboron triflate (1M
in hexane, 1.85 mmol, 2.2 eq) was added over 5 tesnd he reaction mixture was stirred for
2.5 h at -78°C and the freshly prepared aldery@i€200 mg, 1.01 mmol, 1.2 eq) in 1.0 mL
DCM was added dropwise to the mixture. The reactoxture was stirred for 1 h at -78°C
and was then allowed to warm to room temperatuss @vh. The mixture was quenched by
the addition of a phosphate buffer solution pH A4 (3L, 4 mL/mmol) and then diluted with
methanol (17 mL, 20 mL/mmol) and hydrogen peroxil& mL, 33 %, 2 mL/mmol). The
mixture was stirred overnight, diluted with aq.. 944Cl and extracted with ether (4 x 20 mL).
The combined organic extracts were dried over ardugd MgSQ and the solvent was
removed under reduced pressure. The residue wdg@ulny silica gel chromatography (EA/
Hex 1/40— 1/30— 1/10) to afford 490 mg (0.72 mmol, 86%)lefas a white solid.

[a]o> = +11.4(c = 1.10, CHG).

TLC: Rr=0.61 (EA/Hex 1/5).

Melting Point: 40-43°C

'H-NMR (300 MHz, CDC}4, 26°C): 6 = 7.37 — 7.29 (m, 2H), 7.29 — 7.14 (m, 6H), 6.93 —
6.82 (m, 4H), 5.85 (d] = 4.1 Hz, 1H), 4.81 (d] = 16.6 Hz, 1H), 4.58 (d] = 16.6 Hz, 1H),
4.18 — 4.06 (m 1H), 3.66 (ddJ = 2.0, 9.2 Hz, 1H), 2.65 — 2.55 {miH), 2.51 (s, 6H), 2.29
(s, 3H), 1.82 — 1.39 (m, 5H), 1.18 (= 6.7 Hz, 3H), 1.07 (d) = 7.1 Hz, 3H), 1.23 — 0.79
(m, 20H) ppm.

13C NMR (75 MHz, CDC}, 26°C): 6 = 175.3, 142.6, 140.4, 138.8, 138.4, 133.5, 1328,5
128.4, 128.0, 127.8, 127.3, 126.0, 78.37, 74.349%648.37, 46.62, 46.00, 43.78, 41.44,
31.06, 27.65, 27.03, 25.33, 23.92, 23.08, 22.10)210.59, 13.91, 13.61, 13.06 ppm.

IR (Film) v (cmi!) = 3443, 3032, 2956, 1742, 1630, 1605, 1497, 14383, 1325, 1251,
1205, 1154, 1056, 1031, 1013, 984, 930, 858, 73R, 98, 660, 597, 587, 537, 431, 414.
HR-MS (ESI): calcd. for G:HeiNaNGsS ([M-NaJ): 700.40062; found: 700.40082.
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(2R,3R,4S,6S,8S)-3-Hydroxy-2,4,6,8,10-pentamethylundecanoic acid

OH O Ph §02Mes OH O

N LiOH
-0 “Bn > -~ “OH
: THF/MeOH/H,0 :

14 RT, 1d

Ester 14 (127.5 mg, 0.188 mmol, 1.0 eq) was dissolved inm&ture of
THF/MeOH/H0O (1/1/1, 1.8 mL, ¢ = 0.1 M) and treated with LiG2R.6 mg, 0.940 mmol,
5.0 eq). The reaction mixture was stirred for 24nhil full conversion was indicated by TLC.
The mixture was diluted with 15 mL water and acatifwith 4 N HCI to pH 1. The aqueous
layer was extracted with DCM (4 x 10 mL), the conmdd organic extracts were dried over
anhydrous Ng50, and solvent was removed under reduced pressuraesitrie was purified
by silica gel chromatography (EA/H 1/28 EA/ Hex 1/5 + 1 % AcOH) to afford 41.6 mg
(0.153 mmol, 81 %) of hydroxy acid as a viscousoitess oil.

[0]o?® =- 13.0 (c = 1.00, CHG).

TLC: Rr= 0.45 (EA/Hex 2/1, 5 % AcOH).

'H-NMR (400 MHz, CDC}, 26°C): 6 = 3.66 (dd,) = 2.8, 8.8 Hz, 1H), 2.64 (dd,= 7.1, 14.3
Hz, 1H), 1.75 (ddgJ = 2.9, 7.0, 14.0 Hz, 1H), 1.68 — 1.53 (m, 3H),51(ddd,J = 6.2, 7.5,
13.6 Hz, 1H), 1.14-1.20 (m, 1H), 1.17 @z= 7.1 Hz, 3H), 1.10 (ddd]l = 3.5, 8.1, 13.6 Hz,
1H), 1.00 (dd,) = 6.9, 13.7 Hz, 1H), 0.96 — 0.90 (m, 2H), 0.87Jd, 6.6 Hz, 3H), 0.86 (d]
= 6.8 Hz, 3H), 0.85 (d) = 6.5 Hz, 3H), 0.84 (d) = 6.5 Hz, 3H), 0.83 (d) = 6.5 Hz, 3H)
ppm.

13C NMR (101 MHz, CDC}, 26°C): § = 181.8, 75.04, 46.60, 45.90, 43.59, 41.50, 31.53,
27.69, 27.15, 25.34, 23.94, 22.11, 20.71, 20.65,9,4.3.15 ppm.

IR (Film) v (cmi) = 2957, 2927, 2029, 1959, 1714, 1461, 1383, 1989, 788.

HR-MS (ESI): calcd. for G;HesNOsSNa ([M-Na]): 700.40062; found: 700.40082.

7.4 (+)-Vittalactone 11

p-TsCl
: OH .
H Pyridin, DMAP

RT, 1d

\
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To a solution of the hydroxy acid (38.4 mg, 0.14thoh 1.0 eq) in pyridine (0.35 mL,
0.4 M) and DMAP (1.7 mg, 0.014 mmol, 0.1 eq) wadetp-TsCl (54.0 mg, 0.282 mmol,
2.0 eq) at room temperature. After stirring fort2#ull conversion was indicated by TLC. The
reaction mixture was diluted with 10 mL ether ame fprecipitate was filtered off. The
solution was dried over anhydous JS&, and the solvent was removed under reduced
pressure. The residue was purified by silica gebiatography (E/ Hex 1/10) to afford 29.3

mg (0.114 mmol, 81 %) of vittatalactoté as a colorless oil.

[#]p> =+ 2.5 (c = 0.80, CH@). (Lit.: [a]p**= +1.2, ¢ = 1.29, DCNP ent-11: [a]p**= -2.6, C
=0.47 CHCI®)

TLC: Rr=0.66 (EA/Hex 5/1).

'H-NMR (300 MHz, CDC}, 26°C): 6 = 3.87 (ddJ = 4.0, 8.2 Hz, 1H), 3.24 (dg,= 4.1, 7.5
Hz, 1H), 1.87 (g 1H), 1.72 — 1.48 (m, 3H), 1.39 (@= 7.5 Hz, 3H), 1.27 — 0.96 (m, 4H),
1.02 (d,J = 6.6 Hz, 3H), 0.94-0.81 (m, 2H), 0.90 (& 6.1 Hz, 3H), 0.88 (d] = 6.1 Hz, 3H),
0.84 (d,J = 6.5 Hz, 6H) ppm.

3C NMR (75 MHz, CDD§, 26°C): 6 = 172.3, 83.99, 49.13, 46.24, 45.39, 40.05, 35.03,
27.89, 27.54, 25.43, 24.13, 22.03, 21.26, 20.99216.3.13 ppm.

IR (Film) v (cm*) = 2957, 2927, 2029, 1959, 1714, 1461, 1383, 1289, 788.

HR-MS (ESI): calcd. for GsHzgO-Na([M+Na]*): 277.21380; found: 277.21406.

8 Determination of Relative Configuration of Trideoxypropionates

0Bz Q  Bn OH OH
WNJ} w
)~
syn, syn-5 O DIBAH meso
>
OBz O  Bn THF OH OH
anti, syn-5 O © chiral

To determine the stereoinduction of [Ir(cBd)BArg and of [Ir(codgnt-3d]BArk the

two alpha-methylation productssyn, syn-5 andanti, syn-5 were treated with DIBAH in THF
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to give the corresponding, fully reduced diols. \\daes the diol derived fromanti, syn-5

shows a full set of signals (10 carbon signalsjhie®*C- and*H-NMR spectrum, the diol

derived fromsyn, syn-5, due to itsmeso-nature, shows only a reduced set of singals (bocar

signals). The spectra of the diols are shown beldwce the diols could not be separated

from the cleaved auxiliary, optical rotation coulot be used for analysis of the diols.

—7.259

Y VNS Sl
BER 28 g Ng & § 88
RRE 238 E aa N H R
NI (I I \/ I [
i/\‘/\‘)
EHa CHg
T T T T T T T T T T T T
80 75 70 65 60 55 35 30 25 20 15 10
Mixture with Evans auxiliar
Y z I E RS
3 3¢ 5 3ds
T T T T T T T T T T T 1
7.5 7.0 6.5 6.0 5.5 35 3.0 2.5 2.0 1.5 1.0 0
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