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General Directions

All reactions were performed under anhydrous conditions, in oven-dried glassware and under a
nitrogen atmosphere. Anhydrous Solvents: MeCN, Et,0, CH,Cl, and THF were used directly
following passage under nitrogen through Al,O; columns in a Grubbs dry-solvent system (Innovative
Technology Inc.). MeOH was used after distillation over CaH,. Reagents: These were purchased from
commercial sources and handled according to COSHH regulations. Chromatography: Flash
chromatography (FC) was performed on silica gel (Merck Kieselgel 60 F,s4 230-400 mesh) and
reverse phase chromatography on C18 silica gel (Fluka Kieselgel 90 F,s4 230-400 mesh). Thin Layer
Chromatography (TLC) was performed on Merck aluminium-backed plates pre-coated with silica (0.2
mm, 60 F254) which were visualized either by quenching of ultraviolet fluorescence (Amax = 254
nm) or by charring with KMnO4 TLC dip. Melting points: were determined on a Khofler hot stage.
Infra red spectra: were recorded as neat liquids on Perkin-Elmer Paragon 1000 Fourier transform
spectrometer. Only selected absorbances (Vima) are reported. 'H NMR spectra: These were recorded at
400 MHz on a Bruker AMX-400 instrument. Chemical shifts (dy) are quoted in parts per million
(ppm) and referenced to to the residual solvent peaks (CHCI; or HOD). Coupling constants (J) are
reported to the nearest 2 significant figures. *C NMR spectra: These were recorded at 100 MHz on a
Bruker AMX-400 instrument. Chemical shifts (5c) are quoted in ppm and referenced to the residual
solvent peaks (CHCI; or HOD). Mass spectra: Low resolution mass spectra (m/z) were recorded on
either a VG platform II or VG AutoSpec spectrometers, with only molecular ions (M", MH', MNH,")
and major peaks being reported with intensities quoted as percentages of the base peak. High

Resolution Mass Spectrometry (HRMS) measurements are valid to + Sppm.
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Diethyl 1-ethoxycarbonyl-1,4-dihydroxy-3-methylpyridine-4-phosphonate, 9

|1
P
S N Z o8E! Chemical Formula: Cy3Hz,NOsP
N~ EtO\n/N Pz Molecular Weight: 303.2912
O 9

3-Picoline (3 mL, 30.8 mmol, 1 eq.) was dissolved in MeCN (23 mL) and cooled to 0 °C. Ethyl
chloroformate (2.95 mL, 30.8 mmol, 1 eq.) was added dropwise and the red solution was stirred at 0
°C for 40 min. P(OEt); (4.96 mL, 30.8 mmol, 1 eq.) was added dropwise and the solution was allowed
to warm to room temperature and stirred for a further 17 h, after which time, a colour change to
yellow was observed. The mixture was concentrated in vacuo to afford phosphonate 9 (9.25 g, 30.5
mmol, 99%) as a yellow oil. R;0.21 (MeOH/CH,Cl,, 1:19); Via/cm™ 2982 (CH3), 1716 (C=0), 1312
(C-N), 1018 (C-0), 958 (phosphonate), 746 (P-O-C); oy (CDCl;, 400 MHz) 6.72 (1H, bd, J 42 Hz,
NCH), 6.53 (1H, bd, J 46 Hz, NCH), 4.78 (1H, bd J 24 Hz, NCHCH), 4.08 (2H, q, J 7.2 Hz,
NCO,CH,), 3.95 (4H, m, P(O)OCH,), 3.14 (1H, dd, J 27 and 4.7 Hz, PCH), 1.69 (3H, d, J 2.1 Hz,
NCHCCH,), 1.17-1.11 (9H, OCH,CHj); o, (CDCl3, 100 MHz) 170.73 (s), 124.74 (d, J27 Hz), 120.73
(d), 110.48 (d, J46 Hz), 101.24 (d, J46 Hz), 62.30 (t), 60.06 (t), 39.31 (d, J 145 Hz), 20.66 (q), 14.17
(q), 13.92 (q); 8p (CDCl3, 160 MHz) 21.20 (d, J 26 Hz); MS (ESI) m/z 230 ([M-COOEt]"), 180 (9),
162 (12); HRMS (ESI) 230.0941 calcd for C;oH;;NOsP* ([M-COOEt]"), found 230.0940, A = -0.4

ppm.
(£)-3-Methyl-4-[(E)-pent-2-en-4-yl|pyridine, 8
PO(OE: il . Chemical Formula: C4;HsN
= X emical Formula: Cq1Hys
EtO r\(‘;\/ * /\)\ : Nl Molecular Weight: 161.2435

g

o} 9 8

\

Phosphonate 9 (9.74 g, 30.45 mmol, 1 eq.) was dissolved in THF (60 mL) and cooled to -78 °C. "BuLi
(1.6 M in THF, 20.9 mL, 33.5 mmol, 1.1 eq.) was added dropwise and the brown solution was stirred
at -78 °C for 40 min. 4-Bromo-2-pentene' (5 g, 33.5 mmol, 1.1 eq.) in THF (5 mL) was added
dropwise and after 30 min the reaction mixture was allowed to warm to 0 °C and stirred for another 40
min. The mixture was cooled down to -78 °C again and "BuLi (1.6 M in THF, 41.8 mL, 67.0 mmol,
2.2 eq.) was added. After addition the solution was allowed to warm to 0 °C and stirred for another 45
min. Et,O (20 mL) was added, followed by water (15 mL). The mixture was concentrated in vacuo to
leave a orange/yellow liquid. Purification by FC (1:9 to 1:3, EtOAc/hexane) afforded alkene 8 (2.60 g,
16.1 mmol, 53%) as a pale yellow liquid. R, 0.18 (EtOAc/hexane, 3:7); Vma/em’’ (neat) 2965 (CHs),
2929 (CH;), 2874 (CHj), 1593 (C=C), 1451 (pyridine), 1404 (pyridyl), 966 (CH), 834 (CH); oy
(CDCl;, 400 MHz) 8.36 (1H, d, J 5.1 Hz, NCHCH), 8.31 (1H, s, NCH), 7.07 (1H, d, J 5.1 Hg,
NCHCH), 5.33-5.38 (2H, CHCHCHs), 3.58 (1H, p, J 6.9 Hz, ArCH), 2.27 (3H, s, ArCHj;), 1.66 (3H,
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dt,J 6.1 and 1.2 Hz, CHCHCH5), 1.29 (3H, d, J 7.1 Hz, ArCHCH;); 3. (CDCl3, 100 MHz) 152.97 (s),
150.81 (d), 147.81 (d), 133.78 (d), 130.99 (s), 125.02 (d), 120.92 (d), 37.52 (d), 20.01 (q), 17.88 (q),
16.08 (q); MS (ESI) m/z 162 (MH", 100), 155 (4), 150 (4), 147 (4); HRMS (ESI) 162.1277 calcd for
C; H;(N" (MH"), found 162.1275, A=-1.2 ppm.

3-Methyl-4-[(25%,35*,45%)-2,3-epoxypentan-4-yl|pyridine and Methyl-4-[(25*,35%,4R*)-2,3-
epoxypentan-4-yl|pyridine, 11

_ 202 (OY
| N | X7 + A Chemical Formula: C44H;sNO
N~ NP N Molecular Weight: 177.2429
8 11 dr 52:48

Alkene 8 (2.60 g, 16.1 mmol, 1 eq.) was dissolved in a mixture of THF (25 mL) and water (25 mL)
and cooled to 0 °C. NBS (2.77 g, 16.1 mmol, 1 eq.) was added turning the solution yellow. After
stirring at 0 °C for 1 h, NaHCO; (sat. aq., 30 mL) was added. The aqueous solution was extracted with
CH,CI, (5 x 20 mL) and the combined extracts dried over MgSO, and then concentrated in vacuo to
leave a crude mixture of bromohydrins 10 as a cream colored solid. MeCN (20 mL) was added,
followed by 1M NaOH (20 mL) and the solution was heated at 65 °C for 1 h. MeCN was removed in
vacuo and the remaining aqueous solution was extracted with CH,Cl, (4 x 60 mL). The combined
organic extracts were dried over MgSQO, then concentrated in vacuo to afford epoxide 11 (2.40 g, 13.6
mmol, 84%, dr 52:48) as a clear oil. R;0.49 (MeOH/CH,Cl,, 1:9); Vma/cm’”’ (neat) 2970 (CH), 1594
(pyridyl), 1404 (CHj;), 1381 (CHj3), 902 (epoxide), 834 (epoxide). (25*%,3S*,45*)-epoxide 11 (major
component): dy (CDCl;, 400 MHz) 8.43 (1H, d, J 5.2 Hz, NCHCH), 8.38 (1H, s, NCH), 7.20 (1H, d,
J 5.1 Hz, NCHCH), 2.97 (1H, p, J 6.8 Hz, ArCH), 2.87-2.79 (2H, CHO), 2.31 (3H, s, ArCHj3), 1.35-
1.28 (6H, CHCH,); &, (CDCl;, 100 MHz) 150.94 (d), 150.09 (s), 147.83 (d), 131.49 (s), 120.92 (d),
62.46 (d), 53.47 (d), 36.21 (d), 17.52 (q), 16.73 (q), 16.34 (q). (25*,35*%,4R*)-epoxide 11 (minor
component): dy (CDCl;, 400 MHz) 8.42 (1H, d, J 5.1 Hz, NCHCH), 8.39 (1H, s, NCH), 7.16 (1H, d,
J 5.1 Hz, NCHCH), 3.06 (1H, p, J 7.1 Hz, ArCH), 2.87-2.79 (2H, CHO), 2.32 (3H, s, ArCHj;), 1.35-
1.28 (6H, CHCH,); &. (CDCl;, 100 MHz) 151.03 (d), 150.45 (s), 147.90 (d), 131.04 (s), 121.16 (d),
62.74 (d), 53.47 (d), 36.54 (d), 17.47 (q), 16.73 (q), 16.31 (q). MS (ESI) m/z 178 (MH", 100), 155 (3),
150 (3); HRMS (ESI) 178.1226 calcd for C;;H;sNO" (MH"), found 178.1228, A = +1.1 ppm.

(2R*,38*,45%)- and (2R* 35*,4R*)-4-(3-Methylpyridin-4-yl)pentane-2,3-diol, 12

0.2 = OH OH
“ e N 3 = N 3 2 Chemical Formula: C{4H{7NO,
| ) | ol o Molecular Weight: 195.2582
N~ N~ OH N~ OH
11 dr 52:48 12 dr 52:48

Epoxide 11 (1.60 g, 9.02 mmol, 1 eq., dr 52:48) was dissolved in MeCN (19 mL) and water (9.6 mL).
HCIO4 (60% aq., 1.6 mL) was added dropwise and the solution was stirred at room temperature for 40

4
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h. The solution was neutralised with sat. NaHCO; (sat. aq.) then concentrated in vacuo to remove all
MeCN. The remaining aqueous solution was extracted with CH,Cl, (4 x 30 mL) and the combined
organic extracts were dried over MgSQ,, then concentrated in vacuo to leave a pale yellow oil.
Purification by FC (MeOH/CH,Cl,, 1:19) afforded 7,2-diol 12 (1.469 g, 7.52 mmol, 83%, dr 52:48) as
a clear oil. R;0.34 (MeOH/CH,CL,), 1:9); Vma/em’’ (neat) 3331 (OH), 2969 (CHs), 2926 (CH;), 1600
(pyridyl), 1074 (C-O), 734 (pyridyl). (2R*,38*, 48*)-diol 11 (major component): oy (CDCIl;, 400
MHz) 8.40-8.30 (2H, NCH), 7.16 (1H, d, J 5.2 Hz, NCHCH), 4.00 (1H, qd, J 6.4 and 3.7 Hz,
CHOHCH,;), 3.87 (1H, dd, J 9.0 and 3.6 Hz, ArCHCHOH), 3.19-3.07 (1H, ArCH), 2.37 (3H, s,
ArCHs3), 1.19 (3H, d, J 7.0 Hz, ArCHCHs), 1.16 (3H, d, J 6.3 Hz, CHOHCH,); ¢ (CDCl;, 100 MHz)
152.42 (s), 150.49 (d), 147.35 (d), 132.43 (s), 121.06 (d), 78.61 (d), 68.00 (d), 37.05 (d), 16.99 (q),
16.64 (q), 16.01 (q). 2R*3S8*, 4R*)-diol 11 (minor component): 5y (CDCl;, 400 MHz) 8.40-8.30
(2H, NCH), 7.21 (1H, d, J 5.1 Hz, NCHCH), 3.81 (1H, dd, J 7.2 and 4.4 Hz, ArCHCHOH), 3.71 (1H,
qd, J 6.3 and 4.5 Hz, CHOHCHs), 3.19-3.07 (1H, ArCH), 2.33 (3H, s, ArCH3), 1.34 (3H, d, J 6.9 Hz,
ArCHCH,;), 1.30 (3H, d, J 6.3 Hz, CHOHCH;); 6¢ (CDCl;, 100 MHz) 152.09 (s), 150.90 (d), 147.42
(d), 130.86 (s), 121.69 (d), 77.46 (d), 68.17 (d), 36.47 (d), 17.56 (q), 16.62 (q), 16.28 (q). MS (ESI)
m/z 196 (MH", 100), 179 (4), 178 (7), 150 (3); HRMS (ESI) 196.1332 calcd for C;;H;sNO, (MH"),
found 196.1336, A =+2.4 ppm.

(¥)-4-(3-Methylpyridin-4-yl)pentane-2,3-dione, 7

OH Q
N X . N 3 Chemical Formula: C44H3NO,
N| 9 N| P o Molecular Weight: 191.2264
Pz
12 dr 52:48 7

Oxalyl chloride (464 pL, 3.21 mmol, 2.2 eq.) in CH,Cl, (2 mL) was cooled to —78 °C. DMSO (278
pL, 6.42 mmol, 4.4 eq) was added and the solution stirred for 5 min. 1,2-Diol 12 (290 mg, 1.49 mmol,
1 eq., dr 52:48) in CH,Cl, (1.5 mL) was added dropwise and the solution was stirred for a further 15
min. Triethylamine (1.24 mL, 8.94 mmol, 6 eq.) was added dropwise and after 5 min the reaction
mixture was quickly transferred to a short silica column and eluted with CH,Cl,. Purification by FC
(CHyCl, to 1:99, MeOH/CH,Cl,) afforded 1,2-diketone 7 (270 mg, 1.41 mmol, 95%) as a bright
yellow liquid. R 0.45 (MeOH/CH,Cl,, 1:19); Vma/em™ (neat) 2982 (CHs), 2930 (CHs), 1716 (C=0),
1594 (pyr); du (CDCl5, 400 MHz) 8.59 (1H, s, NCH), 8.52 (1H, d, J 5.6 Hz, NCHCH), 7.31 (1H, d, J
5.6 Hz, NCHCH), 4.84 (1H, q, J 7.0 Hz, ArCH), 2.54 (3H, s, ArCHj3), 2.34 (3H, s, COCH3), 1.45 (3H,
d, J 7.0 Hz, ArCHCH;); ¢ (CDCl;, 100 MHz) 197.72 (s), 196.89 (s), 151.56 (d), 147.90 (d), 146.13
(s), 131.68 (s), 121.19 (d), 40.43 (d), 24.34 (q), 16.22 (q), 15.94 (q); MS (ESI) 192 (MH", 100), 193
(16), 233 (7), 251 (6); HRMS (ESI) 192.1019 calcd for C;;H;42NO," (MH"), found 192.1020, A = +0.5
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(2R*,35%)- and (25*,35*)-Methyl 2-hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoate, 6a and
6b (Table 1, entry 3)

Chemical Formula: C1,H17NO;
Molecular Weight: 223.2683

Freshly prepared 1,2-diketone 7 (223 mg, 1.17 mmol, 1 eq.) was dissolved in MeOH (25 mL) and
ZnCl, (203 mg, 1.23 mmol, 1 eq.) was added. The mixture was stirred at 40 °C for 18 h then
concentrated in vacuo to leave a yellow oil. CH,Cl, (20 mL) was added followed by NaHCO; (sat.
ag., 15 mL). The organic layer was extracted and the aqueous layer was further extracted with CH,Cl,
(3 x 15 mL) and the combined organic extracts were dried over MgSQO, and concentrated in vacuo to
leave a pale yellow oil. Purification by FC (MeOH/CH,Cl,, 1:49) afforded esters 6a and 6b (235 mg,
1.05 mmol, 90%, dr 35:65) as a pale yellow oil. R, 0.47 (MeOH/CH,Cl,, 1:9); Vma/cm™ (neat) 3505
(OH), 1730 (C=0), 1596 (pyr), 1452 (CH;), 1255 (CH), 1175 (C-0), 1116 (C-0O), 840 (C-O-C);
(2R*,35%)-ester 6a (minor component): 5y (CDCl;, 400 MHz) 8.40-8.35 (2H, NCH), 7.49 (1H, d, J
5.2 Hz, NCHCH), 3.89 (3H, s, OCHs;), 3.43 (1H, q, J 7.0 Hz, ArCH), 2.38 (3H, s, ArCHj3), 1.20 (3H,
s, COHCH5), 1.18 (3H, d, J 7.0 Hz, ArCHCHj3); &¢ (CDCl3, 100 MHz) 177.30 (s), 150.60 (d), 149.45
(s), 147.38 (d), 131.81 (s), 123.08 (d), 76.87 (s), 53.12 (q), 40.53 (d), 24.59 (q), 16.90 (q), 16.20 (q).
(28*,35*)-ester 6b (major component): dy (CDCIl;, 400 MHz) 8.40-8.35 (2H, NCH), 7.47 (1H, d, J
5.2 Hz, NCHCH), 3.54 (3H, s, OCHs), 3.35 (1H, q, J 7.2 Hz, ArCH), 2.30 (3H, s, ArCHj3), 1.55 (3H,
s, COHCHs5), 1.35 (3H, d, J 7.0 Hz, ArCHCHj3); &¢ (CDCls, 100 MHz) 176.69 (s), 150.64 (d), 150.53
(s), 147.46 (d), 130.73 (s), 122.05 (d), 76.42 (s), 52.41 (q), 40.90 (d), 25.31 (q), 16.24 (q), 14.92 (q);
MS (ESI) m/z 224 (MH", 100), 225 (13); HRMS (ESI) 224.1281 calcd for C;,H;sNO;" (MH"), found
224.1281, A= 0.0 ppm.

(-)-(2R,3S)-Methyl 2-hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoate, 6a

- 0
C R Chemical Formula: C1,H47NO;
(7. "OMe Molecular Weight: 223.2683

>

N__— OH

(-)-(2R,3S)-6a
After the above procedure a small sample of (-)-(2R,35)-ester 6a was isolated as colourless laths by
chiral HPLC using an analytical IC column (see pages 11 and 12). Data as above. mp 54-56 °C
(CH,CL); [0]”p -8.4 (¢ = 0.33, CH,Cl,). For single crystal X-ray structure determination including
absolute configuration determination by Flack parameter analysis see separate Supporting Information

file.

(+)-(25,35)-Methyl 2-hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoate, 6b
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Chemical Formula: C1oH47NO3
Molecular Weight: 223.2683

(+)-(2S,3S)-6b

After the above procedure a small sample of (+)-(2S,35)-ester 6b was isolated as colourless shards by
chiral HPLC using a semi-prep OD-H column (see pages 11 and 12). Data as above. mp 55-57 °C
(CH,Cl,); [a]*p +11.2 (¢ = 0.92, CH,Cl,). For single crystal X-ray structure determination including
absolute configuration determination by Flack parameter analysis see separate Supporting Information

file.

(2R*,35%)- and (25%,35*)-2-Hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoic acid

o} - O
2 3 2 .
| XYy SOMe N | N 7 DOH + Chemical Formula: C41H45NO3
N. _J HO - N. OH Molecular Weight: 209.2417
6a:6b dr 45:55 2-Hydroxy-2-methyl-3-
(3-methylpyridin-4-yl)butanoic acid
dr 45:55

Esters 6 (19 mg, 0.0851 mmol, dr 45:55") were dissolved in MeOH (1.9 mL) and 2 M NaOH (1.9
mL) was added. The solution was stirred at 65 °C for 2 h after which time it had turned pale yellow.
The solution was acidified to pH 5 with 1 M HCI then concentrated in vacuo to leave a white solid.
MeCN (10 mL) was added and the solution was sonicated for 15 min. The resulting suspension was
purified by reverse phase C18 FC (MeCN) to afford 2-hydroxy-2-methyl-3-(3-methylpyridin-4-
yl)butanoic acid (16 mg, 0.0764 mmol, 89%, dr 45:55) as a white solid. R 0.15 (MeCN/H,0, 4:1);
mp 108-109 °C (MeCN); vpa/ecm™ (neat) 3379 (OH), 2974 (CH), 1721 (C=0), 1636 (pyr), 1488
(pyr), 1254 (CH), 1167 (C-O), 829. (2R*,35*)-acid (minor component): 3y (D,0, 400 MHz) 8.54
(1H, s, NCH), 8.49 (1H, d, J 6.0 Hz, NCHCH), 8.08 (1H, d, J 6.2 Hz, NCHCH), 3.77 (1H, q, J 6.5
Hz, ArCH), 2.68 (1H, s, CCH;0H), 2.54 (3H, s, ArCH;), 1.26 (3H, d, J 7.7 Hz, ArCHCH5), 1.22 (3H,
s, CCH;0H); &¢ (D,0O, 100 MHz) 161.58 (s), 146.80 (s), 137.21 (d), 139.62 (d), 136.38 (d), 125.70
(s), 48.03 (s), 40.59 (d), 22.62 (q), 15.26 (q), 13.14 (q). (28*%,3S*)-acid (major component): 6y (D,O,
400 MHz) 8.48 (1H, s, NCH), 8.45 (1H, d, J 5.5 Hz, NCHCH), 8.17 (1H, d, J 5.9 Hz, NCHCH), 3.70
(1H, q, J 6.5 Hz, ArCH), 2.51 (1H, s, CCH30H), 2.48 (3H, s, ArCH3), 1.58 (3H, s, CCH;0H), 1.33
(3H, d, J 7.0 Hz, ArCHCH5); d¢ (D,O, 100 MHz) 162.86 (s), 146.80 (s), 139.67 (d), 136.85 (d),
136.73 (d), 124.95 (s), 48.03 (s), 40.63 (d), 23.32 (q), 15.78 (q), 14.18 (q); MS (ESI) m/z 208 (22),
210 (MH", 100), 213 (34), 215 (13); HRMS (ESI) 210.1125 calcd for C;;H;(NO;" (MH"), found
210.1052, A = -3.4 ppm.

(+)-(2R,35)-2-Hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoic acid

" From the experiment corresponding to Table 1, entry 2.

7



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

- 0 . o
XNy 79 B >oMe XNy 79 B“~oH  Chemical Formula: C14H;sNO3
| 2 — | . X
N~ OH N OH Molecular Weight: 209.2417
(--(2R,35)-6a (+)-(2R.3S)-2-Hydroxy-2-methyl-3-

(3-methylpyridin-4-yl)butanoic acid

Ester (-)-(2R,35)-6a (9 mg, 0.0403 mmol) was dissolved in MeOH (0.9 mL) and 1M NaOH (1 mL)
was added. The solution was heated at 60 °C for 1 h then concentrated in vacuo to remove MeOH.
The aqueous solution was acidified to pH 5 with 1M HCI then concentrated under a flow of nitrogen
to afford a white solid. MeCN (10 mL) was added and the mixture was sonicated for 15 min then
passed through a pad of CI18 silica eluting with MeCN. Concentration under a flow of nitrogen
afforded (+)-(2R,3S)-2-hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoic acid (2.5 mg, 0.0119
mmol, 30%) as a clear oil. Data as above. [a]*’p+31.6 (¢ = 0.25, MeCN).

(-)-(2S5,395)-2-Hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoic acid

: O B
| AN ('S)s" OMe | AN (§)§ OH  Chemical Formula: C4;HsNO3
N__J HO > N._J HO * Molecular Weight: 209.2417
(+)-(2S,3S)-6b (-)-(2S,3S)-2-Hydroxy-2-methyl-3-

(3-methylpyridin-4-yl)butanoic acid

Ester (+)-(25,35)-6b (13 mg, 0.0582 mmol) was dissolved in MeOH (1.3 mL) and 2 M NaOH (1.3
mL) was added. The solution was heated at 60 °C for 1 h then concentrated in vacuo to remove all
MeOH. The aqueous solution was acidified to pH 5 with 1 M HCI then concentrated in vacuo to
afford a white solid. MeCN (15 mL) was added and the mixture was sonicated for 15 min then passed
through a pad of CI18 silica eluting with MeCN to afford (-)-(2S,3S)-2-hydroxy-2-methyl-3-(3-
methylpyridin-4-yl)butanoic acid (10 mg, 0.0478 mmol, 82%) as a clear oil. Data as above. [a]*’p -0.5
(c=1.0, MeCN).

(2R*,35%)- and (25%,35*)-2-Hydroxy-2-methyl-3-(3-carboxypyridin-4-yl)butanoic acid, 2a and 2b

O
I 2 . Chemical Formula: C41H43NOs5
N._J HO * Molecular Weight: 239.2246
dr 45:55 2a:2b dr 45:55

2-Hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoic acid (16 mg, 0.076 mmol, 1 eq., dr 45:55) was
dissolved in 1 M NaOH (1.6 mL) and stirred at room temperature for 5 min. KMnO, (48 mg, 0.304
mmol, 4 eq.) was added and the mixture was heated at 100 °C for 1 h. After allowing to cool to room
temperature, MeOH (10 mL) was added and the MnQO, precipitate was removed by filtering under
suction. The filtrate was concentrated in vacuo to afford a white solid. Salt removal of an aqueous
solution by Ziptip® and concentration under a flow of nitrogen, afforded diacid 3 (17.5 mg, 0.0711
mmol, 95%, dr 45:55) as a white solid. R;0.15 (MeCN/H,O0, 4:1); mp >250 °C (H,0); Vma/cm’’ (neat)
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3397 (OH), 1603 (C=0), 1571 (C=0), 1397 (CH), 1387 (CH), 1163 (C-O); (2R*,3S*)-diacid 2a
(minor component): oy (D,0, 400 MHz) 8.59 (1H, s, NCH), 8.53 (1H, d, J 5.8 Hz, NCHCH), 7.68
(1H, d, J 5.4 Hz, NCHCH), 3.82 (1H, q, J 7.2 Hz, ArCH), 1.30 (3H, d, J 7.1 Hz, ArtCHCHj5). d¢ (D0,
100 MHz) 175.4 (s), 173.6 (s), 162.8 (d), 162.7 (d), 149.0 (d), 119.6 (s), 119.6 (s), 77.4 (d), 41.1 (q),
23.5(q), 15.1 (q). (28*,38*)-diacid 2b (major component): 6y (D,0, 400 MHz) 8.55 (1H, s, NCH),
8.51 (1H, d, J 5.7 Hz, NCHCH), 7.66 (1H, d, J 5.4 Hz, NCHCH), 3.80 (1H, q, J 6.4 Hz, ArCH), 1.39
(3H, d, J 7.2 Hz, ArCHCH,), 1.39 (3H, s, ArCHj3); 6¢ (D,0O, 100 MHz) 170.2 (s), 170.1 (s), 149.6 (d),
146.9 (d), 145.9 (d), 127.8 (s), 122.9 (s), 77.5 (s), 41.6 (q), 21.5 (q), 14.3 (q); MS (ESI) m/z 281 (22),
241 (13), 240 (100, MH"); HRMS (ESI) 240.0866 calcd for C;;H;,NOs" (MH"), found 240.0870, A =
+1.6 ppm.

(+)-(2R,35)-2-Hydroxy-2-methyl-3-(3-carboxypyridin-4-yl)butanoic acid, 2a
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| (8. "OH > Molecular Weight: 239.2246
N~ OH
(+)-(2R,3S)-2-Hydroxy-2-methyl-3- (+)-(2R,3S)-2a

(3-methylpyridin-4-yl)butanoic acid

(+)-(2R,39)-2-Hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoic acid (2.0 mg, 0.00956 mmol, 1
eq.) was dissolved in 1 M NaOH (0.5 mL) and stirred at room temperature for 5 min. KMnQO, (6 mg,
0.0382 mmol, 4 eq.) was added and the mixture was heated at 100 °C for 1 h. After allowing to cool
to room temperature, MeOH (5 mL) was added and the MnO, precipitate was removed by filtration
under suction. The filtrate was concentrated in vacuo to remove all MeOH. After neutralisation to pH
5 using 1M HCI, the aqueous solution was concentrated under a flow of nitrogen. Salt removal from
an aqueous solution by Ziptip® and purification by reverse phase (C18 silica) HPLC (MeCN/H,0,
9:1) afforded diacid (+)-(2R,35)-2a (1.9 mg, 0.00794 mmol, 83%) as a white solid. Data as above. mp
>250 °C (H,0); [a]*p +12.8 (¢ = 0.20, H,0).

(+)-(25,38)-2-Hydroxy-2-methyl-3-(3-carboxypyridin-4-yl)butanoic acid, 2b

Chemical Formula: C11H;3NOs
Molecular Weight: 239.2246

(-)-(28,3S)-2-Hydroxy-2-methyl-3- (+)-(25,3S)-2b

(3-methylpyridin-4-yl)butanoic acid
(-)-(25,395)-2-Hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoic acid (10 mg, 0.0478 mmol, 1 eq.)
was dissolved in 1 M NaOH (1 mL) and stirred at room temperature for 5 min. KMnO,4 (30 mg, 0.191
mmol, 4 eq.) was added and the mixture was heated at 100 °C for 1 h. After allowing to cool to room

temperature, MeOH (5 mL) was added and the MnO, precipitated was removed by filtration under
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suction. The filtrate was concentrated in vacuo to remove all MeOH. After neutralisation to pH 5 with
IM HCI (aq.) the aqueous solution was concentrated under a flow of nitrogen. Salt removal from an
aqueous solution by Ziptip” and purification by reverse phase (C18 silica) HPLC (MeCN/H,0, 9:1),
afforded diacid (+)-2b (2.7 mg, 0.0113 mmol, 24%) as a white solid. Data as above. mp >250 °C
(H,0); [a]*’p +6.7 (¢ = 0.25, H,0).
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HPLC Chromatograms

Esters 6a and 6b (dr 45:55) using a Chiralcel IC column.
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Peak 1 — R,=21.1 min, (-)-(2R,35)-ester 6a; Peak 2 — R, = 27.3 min, (+)-(2S,3R)-ester 6a; Peak 3 — R,
= 29.5 min, (2R*3R*)-ester 6b; Peak 4 — R, = 31.7 min, (2R*,3R*)-ester 6b. Conditions; Chiralcel
IC; 5 um; Column Size: 0.46 cm (I.D.) % 25 ¢m (L); Column number: ICOOCE-LL027; Temperature:
10 °C; Flow Rate: 1.2 mL/min; Injection: 5 pL; Solvent: n-hexane/IPA = 85:15; Sample conc.: 10

mg/ml (IPA).
Esters 6a and 6b (dr 45:55) using a Chiralcel ODH column.
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Peak 1 — R, = 21.3 min, (+)-(25,35)-ester 6b; Peak 2 — R, = 26.6 min, (+)-(25,3R)- and (-)-(2R,3S)-
esters 6a; Peak 3 — R, = 30.2 min, (-)-(2R,3R)-ester 6b. Conditions; Chiralcel ODH; 5 pm; Column
Size: 0.46 cm (I.D.) x 25 cm (L); Column number: ODHOCE-KK122; Temp: 8 °C; Flow Rate: 0.75
mL/min; Injection: 7 uL; Solvent: n-hexane/IPA, 90:10; Sample conc.: 10 mg/mL (IPA/EtOAc, 9:1).
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(-)-(2R,3S)-Methyl 2-hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoate, 6a
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(-)-(2R,3S)-6a
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R, = 20.2 min. Conditions: Chiralcel IC; 5 pm; Column Size: 0.46 cm (I.D.) x 25 cm (L); Column
number ICOOCE-LL027; Temperature: 10 °C; UV wavelength: 250 nm; Flow Rate: 1.2 mL/min;
Injection: 5 pL; Solvent: n-hexane/IPA, 85:15; Pressure: 50 bar; Sample Conc. 0.3 mg/mL (IPA).

(+)-(25,38)-Methyl 2-hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoate, 6b

R,=19.1 min.
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Conditions: Chiralcel OD-H; 5 um; Column Size: 0.46 cm (I.D.) x 25 ¢cm (L); Column

number ODHOCE-KK122; Temperature: 8 °C; UV wavelength: 254 nm; Flow Rate: 0.9 mL/min;
Injection: 1 uL; Solvent: n-hexane/IPA, 95:5; Pressure: 44 bar; Sample Conc. 7 mg/mL (EtOACc/IPA,

1:1).
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NMR spectra of Novel Compounds

'H NMR (CDCl;, 400 MHz)
phosphonate, 9
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BC NMR (CDCl;, 100 MHz) Diethyl 1-ethoxycarbonyl-1,4-dihydroxy-3-methylpyridine-4-
phosphonate, 9
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"H NMR (CDCl;, 400 MHz) (+)-3-Methyl-4-[(E)-pent-2-en-4-yl]pyridine, 8
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C NMR (CDCl;, 100 MHz) (+)-3-Methyl-4-[(E)-pent-2-en-4-yl]pyridine, 8
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"H NMR (CDCl;, 400 MHz) 3-Methyl-4-[(25*,35* 45%)-2,3-epoxypentan-4-yl]pyridine and methyl-
4-[(25%*,35*,4R*)-2,3-epoxypentan-4-yl]pyridine, 11
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BC NMR (CDCl;, 100 MHz) 3-Methyl-4-[(25*%,35* 45%)-2,3-epoxypentan-4-yl]pyridine and
Methyl-4-[(25*,35*,4R*)-2,3-epoxypentan-4-yl]pyridine, 11
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'"H NMR (CDCl;, 400 MHz) (2R*,35*,45%)- and (2R* 35* 4R*)-4-(3-Methylpyridin-4-yl)pentane-
2,3-diol, 12
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BC NMR (CDCls, 100 MHz) (2R*,35* 45*)- and (2R*,35* 4R*)-4-(3-Methylpyridin-4-yl)pentane-
2,3-diol, 12
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"H NMR (CDCls, 400 MHz) (£)-4-(3-Methylpyridin-4-yl)pentane-2,3-dione, 7
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C NMR (CDCl;, 100 MHz) (£)-4-(3-Methylpyridin-4-yl)pentane-2,3-dione, 7
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"H NMR (CDCl;, 400 MHz) (25* 3R*)- and (2R* 3R*)-Methyl 2-hydroxy-2-methyl-3-(3-
methylpyridin-4-yl)butanoate, 6a and 6b
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BC NMR (CDCl;, 100 MHz) (25*%,3R*)- and (2R*,3R*)-Methyl 2-hydroxy-2-methyl-3-(3-
methylpyridin-4-yl)butanoate, 6a and 6b
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"H NMR (CDCls, 400 MHz) (+)-(2S,3S)-Methyl 2-hydroxy-2-methyl-3-(3-methylpyridin-4-

yl)butanoate, 6b
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C NMR (CDCl;, 100 MHz) (+)-(25,3S)-Methyl 2-hydroxy-2-methyl-3-(3-methylpyridin-4-

yl)butanoate, 6b
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'H NMR (D;0, 400 MHz) (2R*35*)- and (25*35*)-2-Hydroxy-2-methyl-3-(3-methylpyridin-4-

yl)butanoic acids
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C NMR (D,0, 100 MHz) (2R*,35%)- and (25*,35%)-2-Hydroxy-2-methyl-3-(3-methylpyridin-4-
yl)butanoic acids
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'"H NMR (D,0, 400 MHz) (-)-(25,35)-2-Hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoic acid
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C NMR (D,0, 100 MHz) (-)-(25,3S)-2-Hydroxy-2-methyl-3-(3-methylpyridin-4-yl)butanoic acid
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"H NMR (D,0, 400 MHz) (2R* 35*)- and (25*,35*)-2-Hydroxy-2-methyl-3-(3-carboxypyridin-4-
yl)butanoic acid, 2a and 2b
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BC NMR (D,0, 100 MHz) (2R*,35*)- and (25*,35%)-2-Hydroxy-2-methyl-3-(3-carboxypyridin-4-
yl)butanoic acid, 2a and 2b
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"H NMR (D,0, 400 MHz) (+)-(2S,3S)-2-Hydroxy-2-methyl-3-(3-carboxypyridin-4-yl)butanoic acid,
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C NMR (D,0, 100 MHz) (+)-(2S,35)-2-Hydroxy-2-methyl-3-(3-carboxypyridin-4-yl)butanoic acid,

@ w w @ @ w @ @ @ @ w @ w w o I = E g
= = = = = = = = = = = = = = = = T T T
F ¥ ¥ F F ¥ F F ¥ F ¥ F ¥ ¥ F ¥ 4 M M
s % [ b b b fr Y Y ¥ W H b B u I = u n A
S A Y S S e S S —E—|
- o=
-2
DE T = - L
L =
61— - o
R
{5 Th— - =
- R
L =
o
- R
£5LL=— -
L =
=
- - R
B
L=
-z
-2
= o=
o
9RITT— -
S8ETT— - -
=
=
=
966 T, _ I
660G — — =
6961 — - - &
o=
=
FLOLT _ L =
LT0LT -
o=
=
=
=

34




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


