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1. General methods

NMR data were obtained for 'H at 400 MHz and for "°C at 50 or 100 MHz. Chemical shifts
were given in parts per million (8) from tetramethylsilane with the solvent resonance as the
internal standard in CDCl; solution. EST HRMS was recorded on a Bruker Apex-2. In each case,
enantiomeric ratio was determined by HPLC analysis on chiral column in comparison with
authentic racemates, using a Daicel Chiralpak IC Column (250 x 4.6 mm), Chiralpak OD Column
(250 x 4.6 mm) or Chiralpak AD Column (250 x 4.6 mm). UV detection was monitored at 220 nm
or 254 nm. Optical rotation data were examined in CHCl; or MeOH solution at 20 °C. Column
chromatography was performed on silica gel (200-300 mesh) eluting with ethyl acetate and
petroleum ether. TLC was performed on glass-backed silica plates. UV light and I, were used to
visualize products. All chemicals were used without purification as commercially available unless
otherwise noted. THF, ethyl acetate, petroleum ether, methylene chloride (CH,Cl,) and carbon
tetrachloride (CCls) were distilled before use.

2 Synthesis of hydroperoxyalkane 1b

o OH

MgBr
+

To a mixture of Mg (3.4 g, 142 mmol) in 20 mL dry THF was added dropwise bromobenzene
(15 mL, 142 mmol) in dry THF (60 mL) under argon atmosphere. The mixture was heated at 50
°C for 3 h. Then a solution of 3-pentanone (5 mL, 47 mmol) in dry THF (30 mL) was added
dropwise at 0 °C. After 30 min the mixture was warmed to rt and stirred overnight. The solution
was quenched with aq NH4ClI and extracted three times with ethyl acetate. The organic layers were
combined and washed with brine, dried (Na,SO,), filtered and concentrated. Flash
chromatography on silica gel (ethyl acetate/petroleum ether) gave the 3-phenylpentan-3-ol as
colorless oil (4.7 g, 61% yield).

OH H,0, , 2.5% H,S0, OoH
it
1b
A solution of 3-phenylpentan-3-ol (328 mg, 2 mmol) was added dropwise to the stirred mixture
of 30% hydrogen peroxide (150 mL) and 2.5% (w/v) sulfuric acid (15 mL). After stirring for 4 h at

room temperature, the reaction mixture was extracted with DCM (3 x 50 mL), washed with water,
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dried over sodium sulfate, filtered, and concentrated. Flash chromatography on silica gel (ethyl
acetate/petroleum ether) gave the product 1b as yellow oil (300 mg, 83% yield). '"H NMR (400
MHz, CDCl;): 6 (ppm) 7.48-7.42 (m, 4H), 7.37-7.32 (m, 1H), 2.04-1.90 (m, 4H), 0.88 (t, J="7.2
Hz, 6H).

3. General procedure for the peroxy-AAA reaction

Et
0—<ph
Et oBoc (DHQD),PHAL o~ Et
10 mol% H
Ph—>—0OH + . coome ( 0)  cooMe
Et cCly, 35°C RA”/
1b 2 3

Hydroperoxyalkane 1b (22 mg, 0.12 mmol), MBH carbonate 2 (0.1 mmol), catalyst
(DHQD),PHAL (7.8 mg, 0.01 mmol) in CCl4 (0.4 mL) were stirred at 35 °C. After completion the
solvent was removed and flash chromatography on silica gel (EtOAc/petroleum ether) gave the

peroxide 3.

4. General procedure for the reduction of compound 3

RZ
O/
/ OH
o Zn power /Ar : COOMe
. ~_-COOMe RlW
R A”/ CH4COOH/H,0
3 4

Compound 3 (0.1 mmol) and zinc powder (260 mg, 4 mmol) were stirred in a mixture
solvents of AcOH/H,O (1:1) at 25 °C for 3 h under argon atmosphere. Then the solid was filtered
and the filtrate was extracted with DCM three times. The organic layers were combined and
washed with brine, dried over Na;SOy, filtered. Concentration and flash chromatography on silica

gel (ethyl acetate/petroleum ether) gave a-methylene-p-hydroxy ester 4.

J<Ph 3a, 76% yield; [a]p™® = +31.0 (¢ = 0.40 in CHCL); 91% ece, determined by

OP HPLC analysis [Daicel chiralpak OD, n-hexane/i-PrOH = 99/1, 1.0 mL/min, A =

. ~COOMe 254 nm, t (major) = 5.69 min, t (minor) = 6.60 min]; 'H NMR (400 MHz,
m CDCL): 6 (ppm) 7.46-7.44 (m, 2H), 7.35-7.31 (m, 2H), 7.28-7.24 (m, 4H),
7.18-7.15 (m, 2H), 6.47 (t, J = 0.8 Hz, 1H), 6.02 (t, J = 1.2 Hz, 1H), 5.84 (s, 1H), 3.67 (s, 3H),
1.59-1.57 (m, 6H); *C NMR (50 MHz, CDCl3): & (ppm) 166.1, 145.3, 138.6, 137.2, 128.3, 128.2,
127.9, 127.0, 126.8, 125.6, 83.3, 51.8, 26.7, 26.5; ESI-HRMS: calcd. for CH2604+Na 349.1416,

found 349.1386.
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3b, 79% vyield; [o]p’ = +64.8 (¢ = 0.25 in CHCLs); 93% ee, determined by

O/@ HPLC analysis [Daicel chiralpak OD, n-hexane/i-PrOH = 98/2, 1.0 mL/min, A

9l = 254 nm, t (major) = 4.78 min, t (minor) = 6.80 min]; '"H NMR (400 MHz,

©/\”/COOM€‘ CDCl3): & (ppm) 7.31-7.28 (m, 4H), 7.26-7.22 (m, 3H), 7.20-7.17 (m, 3H),

6.50 (t, J = 0.8 Hz, 1H), 6.04 (t, J = 1.2 Hz, 1H), 5.91 (s, 1H), 3.69 (s, 3H),

2.01-1.91 (m, 3H), 1.89-1.82 (m, 1H), 0.77 (t, J = 7.2 Hz, 3H), 0.72 (t, J = 7.2 Hz, 3H); °C NMR

(50 MHz, CDCls): 6 (ppm) 166.2, 142.9, 138.8, 137.3, 128.3, 128.2, 128.2, 127.7, 126.9, 126.6,

126.2, 88.3, 82.9, 51.8, 28.5, 28.1, 7.9; ESI-HRMS: calcd. for C,;H,s04+Na 377.1729, found
377.1729.

3¢, 69% yield; [a]p™ = +33.2 (¢ = 0.75 in MeOH)'; 90% ee, determined by
/@ HPLC analysis after converted to the corresponding a-methylene-p-hydroxy

IO\O

 coome  CSter [Daicel chiralpak OD, n-hexane/i-PrOH = 98/2, 1.0 mL/min, A = 254

m nm, t (major) = 30.65 min, t (minor) = 27.27 min]; 'H NMR (400 MHz,

] CDCl): & (ppm) 7.33-7.30 (m, 4H), 7.25-7.22 (m, 1H), 7.14-7.10 (m, 2H),

6.95 (t, J = 8.4 Hz, 2H), 6.49 (s, 1H), 6.03 (s, 1H), 5.85 (s, 1H), 3.68 (s, 3H), 1.97-1.81 (m, 4H),

0.76 (t, J = 7.2 Hz, 3H), 0.71 (t, J = 7.2 Hz, 3H); °C NMR (50 MHz, CDCl;): & (ppm) 166.0,

165.1, 160.2, 142.9, 138.6, 133.2, 130.0, 129.8, 127.7, 126.7, 126.6, 126.1, 115.3, 114.9, 88.4,
82.2,51.8,28.4,27.8,7.8, 7.7, ESI-HRMS: calcd. for C;,H,sFO4+Na 395.1635, found 395.1624.

3d, 71% yield; [a]p™ = +25.4 (¢ = 1.00 in MeOH)'; 89% ce, determined by
/@ HPLC analysis after converted to the corresponding a-methylene-B-hydroxy

IHO\O

= coone ester [Daicel chiralpak OD, n-hexane/i-PrOH = 98/2, 1.0 mL/min, A = 254
/©/\H/ nm, t (major) = 30.41 min, t (minor) = 27.05 min]; 'H NMR (400 MHz,
° CDCl): 8 (ppm) 7.33-7.27 (m, 4H), 7.25-7.21 (m, 3H), 7.09 (d, J = 8.4 Hz,
2H), 6.47 (s, 1H), 6.00 (s, 1H), 5.83 (s, 1H), 3.68 (s, 3H), 1.96-1.80 (m, 4H), 0.76 (t, J = 7.6 Hz,
3H), 0.70 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl3): § (ppm) 166.0, 142.8, 138.5, 136.0,
134.1, 129.5, 128.4, 127.8, 127.0, 126.7, 126.1, 88.5, 82.2, 51.9, 28.3, 27.8, 7.9, 7.8; ESI-HRMS:
calcd. for C»,H»5C104+Na 411.1339, found 411.1387.

é 3e, 71% yield; [a]p™ = +26.9 (¢ = 0.70 in MeOH)'; 83% ee, determined by
i HPLC analysis after converted to the corresponding a-methylene-p-hydroxy
al i coome oster [Daicel chiralcel OD, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254

\©/\H/ nm, t (major) = 9.62 min, t (minor) = 8.92 min]; 'H NMR (400 MHz,
CDCls): 6 (ppm) 7.34-7.29 (m, 4H), 7.26-7.20 (m, 3H), 7.13 (s, 1H), 7.07 (d, J = 6.8 Hz, 1H), 6.49

|O\o
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(s, 1H), 5.98 (s, 1H), 5.85 (s, 1H), 3.71 (s, 3H), 1.95 (g, J = 7.6 Hz, 2H), 1.86 (q, J = 7.2 Hz, 2H),
0.77 (t, J = 7.6 Hz, 3H), 0.71 (t, J = 7.6 Hz, 3H); °C NMR (50 MHz, CDCl3): & (ppm) 165.9,
142.8, 139.6, 138.2, 134.1, 129.4, 128.4, 128.1, 127.8, 127.4, 126.7, 126.3, 126.1, 88.5, 82.1, 51.9,
28.3,27.7,7.8, 7.7, ESI-HRMS: calcd. for C,,H»5Cl1O4+Na 411.1339, found 411.1312.

3f, 73% yield; [a]p®® = +32.4 (¢ = 0.90 in MeOH)'; 88% ce, determined by

o/@ HPLC analysis after converted to the corresponding a-methylene-p-hydroxy
al H coome ©ster [Daicel chiralpak IC, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 254 nm,
c;@/\ﬂ/ t (major) = 11.84 min, t (minor) = 16.80 min]; '"H NMR (400 MHz, CDCls): &
(ppm) 7.36-7.26 (m, 6H), 7.20 (d, J =2.0 Hz, 1H), 7.00 (dd, J = 2.0 Hz, 8.4 Hz, 1H), 6.48 (s, 1H),

597 (t, J = 1.2 Hz, 1H), 5.79 (s, 1H), 3.71 (s, 3H), 1.96 (q, J = 7.2 Hz, 2H), 1.87 (q, J = 6.8 Hz,

2H), 0.78 (t, J = 7.2 Hz, 3H), 0.70 (t, J = 7.6 Hz, 3H); *C NMR (50 MHz, CDCls): & (ppm) 165.7,

142.7, 137.9, 132.3, 130.2, 129.9, 127.8, 127.4, 127.3, 126.8, 126.1, 88.6, 81.6, 52.0, 28.2, 27.4,

7.8, 7.7; ESI-HRMS: calcd. for CyH4Cl,04+Na 445.0949, found 445.0922.

39, 65% yield; [a]p®® = +18.3 (c = 0.40 in MeOH)'; 86% ee, determined by

/@ HPLC analysis after converted to the corresponding a-methylene-B-hydroxy

Y oo ester [Daicel chiralpak AD, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 254 nm,

/©/\H/ t (major) = 19.65 min, t (minor) = 20.87 min]; '"H NMR (400 MHz, CDCL;): &

(ppm) 7.31-7.30 (m, 4H), 7.25-7.22 (m, 1H), 7.09-7.04 (m, 4H), 6.50 (s, 1H),

6.07 (s, 1H), 5.87 (s, 1H), 3.68 (s, 3H), 2.30 (s, 3H), 1.99-1.89 (m, 3H), 1.89-1.81 (m, 1H), 0.77 (t,

J=7.2Hz, 3H), 0.72 (t,J = 7.2 Hz, 3H); °C NMR (50 MHz, CDCl5): & (ppm) 166.3, 142.9, 138.8,

138.1, 134.2, 128.9, 128.2, 127.7, 126.5, 126.2, 88.3, 82.8, 51.8, 28.5, 28.0, 21.2, 7.9; ESI-HRMS:
calcd. for Cy3H,304+Na 391.1885, found 391.1894.

(0]
/
©

3h, 67% yield; [o]p™ = +16.0 (c = 0.25 in CHCLs); 92% ee, determined by

/@ HPLC analysis [Daicel chiralcel OD, n-hexane/i-PrOH = 99/1, 1.0 mL/min, A

: = 254 nm, t (major) = 4.99 min, t (minor) = 5.79 min]; 'H NMR (400 MHz,

mmwe CDCly): & (ppm) 7.31-7.29 (m, 4H), 7.25-7.22 (m, 1H), 7.16 (t, J = 7.6 Hz,

1H), 7.07 (d, J = 7.6 Hz, 1H), 6.97 (d, J = 7.6 Hz, 1H), 6.91 (s, 1H), 6.50 (s,

1H), 6.05 (s, 1H), 5.86 (s, 1H), 3.69 (s, 3H), 2.28 (s, 3H), 1.99-1.90 (m, 3H), 1.88-1.81 (m, 1H),

0.77 (t, J = 7.2 Hz, 3H), 0.71 (t, J = 7.2 Hz, 3H); °C NMR (100 MHz, CDCls): & (ppm) 166.3,

143.0, 138.8, 137.8, 137.1, 129.1, 128.9, 128.1, 127.7, 126.8, 126.6, 126.2, 125.3, 88.3, 83.0, 51.8,
28.5,27.9,21.4,7.9,7.8; ESI-HRMS: calcd. for Co3Ha304+Na 391.1885, found 391.1894.

”IO\O
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3i, 73% yield; [a]p™ = +25.8 (¢ = 0.40 in CHCl3); 93% ee, determined by

O/@ HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 99/1, 1.0 mL/min,

9 coome A =254 nm, t (major) = 7.28 min, t (minor) = 6.77 min]; 'H NMR (400 Hz,

\Om CDCl): 8 (ppm) 7.32-7.31 (m, 4H), 7.25-7.24 (m, 1H), 7.08 (d J = 6.8 Hz,

2H), 6.80 (d, J = 6.4 Hz, 2H), 6.50 (s, 1H), 6.09 (t, J = 1.2 Hz, 1H), 5.84 (s,

1H), 3.77 (s, 3H), 3.68 (s, 3H), 1.99-1.90 (m, 3H), 1.88-1.81 (m, 1H), 0.78 (t, J = 7.2 Hz, 3H),

0.72 (t, J = 7.2 Hz, 3H); C NMR (100 MHz, CDCl;): & (ppm) 166.3, 159.7, 143.0, 138.9, 129.6,

127.7, 126.6, 126.3, 126.2, 125.5, 113.6, 88.2, 82.6, 55.2, 51.8, 28.5, 27.9, 7.9, 7.8; ESI-HRMS:
calcd. for Cy3H,305+Na 407.1834, found 407.1835.

3], 50% yield; [a]p™ = +13 (c = 0.90 in CHCLs); 89% ee, determined by
/@ HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 99/1, 1.0 mL/min,
o ©  coome A = 254 nm, t (major) = 8.90 min, t (minor) = 7.79 min]; "H NMR (400
< j@/\ﬂ/ MHz, CDCls): & (ppm) 7.39-7.37 (m, 1H), 7.31-7.30 (m, 4H), 7.27-7.23 (m,
° 1H), 6.71 (d, J=8.0 Hz, 1H), 6.65 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 6.60 (d, J =
1.6 Hz, 1H), 6.49 (s, 1H), 6.07 (t, J = 1.2 Hz, 1H), 5.92 (s, 2H), 5.79 (s,1H), 3.70 (s, 3H),
1.99-1.98 (m, 4H), 0.78 (t, J = 7.2 Hz, 3H), 0.72 (t, J = 7.2 Hz, 3H); >*C NMR (50 MHz, CDCl;):
o (ppm) 166.2, 147.5, 142.9, 138.7, 130.9, 128.3, 127.7, 126.6, 126.4, 126.2, 122.1, 108.7, 108.0,
101.1, 88.3, 82.7, 51.8, 28.4, 27.8, 7.9, 7.8; ESI-HRMS: calcd. for C3Hy¢O6+Na 421.1627, found
421.1632.

||O\o

3Kk, 53% yield; [o]p™ = +35.8 (¢ = 0.50 in MeOH)'; 92% ee, determined by
/@ HPLC analysis after converted to the corresponding a-methylene-B-hydroxy

|O\O

s. __ _coowe eoster [Daicel chiralpak IC, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 254 nm, t
m (major) = 22.18 min, t (minor) = 32.73 min]; '"H NMR (400 MHz, CDCl;): &
(ppm) 7.35-7.30 (m, 4H), 7.27-7.23 (m, 2H), 6.92 (dd, J = 3.6 Hz, 4.8 Hz, 1H), 6.86 (d, J = 3.2 Hz,
1H), 6.54 (s, 1H), 6.17 (s, 1H), 6.10 (s, 1H), 3.74 (s, 3H), 2.01-1.85 (m, 4H), 0.80-0.73 (m, 6H);
PC NMR (50 MHz, CDCls): & (ppm) 166.0, 142.8, 140.1, 138.8, 127.8, 127.1, 126.8, 126.6, 126.5,
126.1, 88.5, 77.8, 51.9, 28.4, 28.1, 7.8; ESI-HRMS: calcd. for C,0H»404S+Na 383.1293, found
383.1310.

o 31,62% yield; [a]p”’ = +29.3 (¢ = 0.30 in CHCL3); 91% ee, determined by HPLC
(0]
o analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 98/2, 1.0 mL/min, A = 254 nm,

mcoo“”e t (major) = 7.28 min, t (minor) = 9.09 min]; '"H NMR (400 MHz, CDCl;): &
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(ppm) 7.38-7.37 (m, 1H), 7.31-7.28 (m, 4H), 7.26-7.21 (m, 1H), 6.53 (s, 1H), 6.30 (dd, J =2.0 Hz,
3.2 Hz, 1H), 6.22 (d, J=3.6 Hz, 1H), 6.15 (t, J=2.8 Hz, 1H), 6.00 (s, 1H), 3.74 (s, 3H), 1.96 (q, J
= 7.2 Hz, 2H), 1.90 (q, J = 7.2 Hz, 2H), 0.78-0.72 (m, 6H); *C NMR (50 MHz, CDCl5): & (ppm)
165.9, 150.5, 143.1, 142.7, 136.6, 127.7, 127.5, 126.5, 126.0, 110.4, 110.1, 88.6, 76.0, 51.9, 28.7,
28.4, 7.8; ESI-HRMS: calcd. for C,0H»405+tNa 367.1521, found 367.1539.

OH 4b, 93% yield; [a]p™ = +82.9 (¢ = 0.6 in MeOH) {lit.:* [a]p>> = +85.5 (c =

COOMe 111 in MeOH, 84% ee)}; 93% ee, determined by HPLC analysis [Daicel
m chiralpak IC, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 220 nm, t (major) =
19.96 min, t (minor) = 35.15 min]; '"H NMR (400 MHz, CDCl;): & (ppm) 7.38-7.32 (m, 4H),
7.29-7.25 (m, 1H), 6.33 (s, 1H), 5.82 (s, 1H), 5.56 (d, J = 5.2 Hz, 1H), 3.71 (s, 3H), 3.03 (d, J =
5.6 Hz, 1H); °C NMR (50 MHz, CDCl5): & (ppm) 166.8, 142.0, 141.3, 128.4, 127.8, 126.6, 126.1,
73.2,51.9.

Notes and references
(1) The optical rotation was related to the corresponding a-methylene-f-hydroxy ester.

(2) J.-N. Kim, H.-J. Lee, J.-H. Gong, Tetrahedron Lett., 2002, 43, 9141.
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5. NMR and HPLC spectra
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-ﬁ;ﬁ s l'}n!.-:s 0.27 e 454 33.:'}5“
- o~
WX L oo=CUCLa=C13-2009-3-4
T ¢ 4w Sequence: s2pul
| T 1 U Lr
i | i
| | | |
i |
i
Ph
(0]
/ |
0 l
COOMe
cl ;
3d :
' |
| '|
| | L |
znul‘léﬂ ‘_—‘—_’léﬂ T l;l;—_‘ I _'_'-iz.ﬂ ”ll;l— o ﬁvll T 60 40 20
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Al

060
0.50
OH
040 COOMe
Z u.30—:
cl
u.zu-: 4d
0.10]
0.00] S
0.00 " ospd U Uqood ' Uidod U 2000 ' 28od
Minutes
RT Area 5 Height| %
(minh | (V *sec) | ©A®@ | (V) | Height
1127.392 | 30803596 | 48.82 |648975| 52.05
230,744 | 32286911 51.18 |597867 | 4795
0.50
0.4 OH
- COOMe
0.3
Cl
0.2t 4d
0.10+ 5
L |
—
o
E-.E-[!u—-—/d\-\‘_wﬁ‘—‘-" EAQ o= ™
ood " sod “q00d " " "sod " Ta2000 0" " 2800 " 3000 " 35.00
Minutes
RT Area Height | %
(miny | (v'see) [ P48 vy | Height
1|27.051| 1554152 560| 35677| 6.58
2130413 | 26199785 | 94.40 |506235| 983.42
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exp-345 HI CDCI3  swod-o

Pulse Sequénte: sipul

| |
| |
Ph
0]
/
(6]
Cl COOMe
[|
3e |
| | l
iI I|I,' [ 1 _j.'l rl
| “ ‘
e — - - “ W L A l __,zl.. ...... — — S — SNV -
e ——————— S . S — S
10 9 8 7 [ 5 4 3 z 1 ppm
! 1“m§gs R 1 .‘Jgi’“ 3 j.l;ll 2"‘3‘.{3 050 ] Ju_»l !
EXP-345-COL3-C13-2009-3-8
=
&
Ph
0 | | [
/ [1
(e}
Cl COOMe I
I
| [
3e
|
1
||IIIll'llll'lf‘lllIIl'IIlllIllII|'|III|IIlllllll1|III|II'[|I|IIII||'|‘IIlTlIIIIIlIIII'II]IIIIIIIlI‘II[[llIII
200 180 180 170 180 150 140 130 120 1io 100 80 80 70 80 50 0 20 20 10 0
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0.9
] [+
0.80] F i
0.70 OH ﬂ
0.50] | |
5 ] |
2 o4 se |
] |
030 |
] R
020 |
] I\
0.1 || \
: BN
0.0 _— —
Y ohod Y 4ed ' Bod ' Bod ' dood ' 20d 14.00 '
Minutes
RT Area o Height | %
(mir | (V*seq) | ® A2 | (V) |Height

9.030 |12671435 | 47.93 |559985 | 52.04
2|9.775 |13768403 | 52.07 |792570 | 47.96

160 g
1404

1204

wQ
T

1,00
] cl COOMe ‘ |

AU
_IJ
[=s]
?

4e ||

8.923

| b
- — | -,
0.0 b _/f T e ____A‘ — \—\'—E" R ]

"Uhoad U zod e snd ' sod ' " e vod ' osod ' osod ' Tiood T 4iod Cdbod T
Minutes
RT Area o Height %
(mirh | (V*sec) | A3 (V) |Height

—

8.923 | 2706691 8.59 | 168623 | 925
2|9.624 (28808307 | 91.41 (1654973 | 90.75
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exp-355 HL COCad 2r08-3-11

Pulse Sequence: <%l

3,824
3.708

Ph
o)
/
o
cl COOMe
cl '
3f r N I
|
S - .r. | . i .J:J\_.. S ____h J.\_..L_._AJL J
10 s s 7 S 1 o ppm
o Eéﬂ.!l' Irﬂﬁ‘ 3-;0 Z.14 3.1t
3.8781 1.0% 0.%5 2 3.13
EXP-35§5-CDCL3-C13-2008-3-12
Ph
o)
/
P |
cl COOMe
c
3f
I
Ly
|

W

T 1
'[TIIIIIillllrl|Iil|TIII|IIII||||T'|I|Il|lfl|lllllllllllllll‘lrrllll||ITTTr[I|r|||.|||||!Tl|llll|l
200 ILﬂ IAG I}D Iiﬂ 150 140 130 120 10 H;ILH 80 L] 70 80 50 40 30 20 1 0
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.10 y
] OH ] -
n o
L a COOMe <
] f
0.0¢ [
008 |
af I
0.04 |
| | |
| f ||
0.0 ) |
] |' 'lI r| || II
al i\
] | [
I Y B Yo o U R I I A
"o U 4od ' éod 'Y sod " 10.00 ' 1200 " 400 oo | 1800
Minutes
RT Area |, Height | %
(mig |(Vsec)|® A | (V) |Height
1(11.667 | 1653973 | 4965 (100421 | 58.79
2116494 (1677567 | 5035 70382 (41.21
0.100-]
| %F
] P
] OH ¥
2087 ¢ “~__COOMe
o.oeo4  Cl
1 4f
B} |
2 |
0.040]
0.020-] -
4 [=2]
M~
A ©
0.000-] —
"o0d0 400 " Te00  god | o0 i2od 1400 | 100 | 1sod | 2000
Minutes
RT Area |, Height| %
(min) | (Vv sec) | A™®3| () |Height
1(11.841 | 1653673 94.13 (96407 | 95.32
2|16.797 | 103089 587 | 4730 4.68
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Exp-356-COCLE-H1-2005-3-10

Fulse Sequence: sipul

| |
| i
| |
[ !
I 113 I
|
Ph
O
/
o |
COOMe

10 9 & 7 1] -] q 3 2 1 ppm
(I 105 2.9 3.06 8.51 3.31
T EH .94 3.08 .46 3.1

EXP-358-CDCLI-C13-2008-3-10

TTTT T T TTTT[T
II||I|TIIIl!I'I'ITI|IIl!lIII|lIlI'ITllI'lIIIrIlIIIIIIllTTTYIEIKIIIIIIIIIIIIiIrIIIIIIl'[ T T
2I1H! Ih 110 1;0 lh 150 140 130 120 "o ng 80 80 70 80 50 40 k1] 20 10 o
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AU

Al

ﬂ.Sﬂ—- ?
040] QH \
COOMe |
03 ‘ ‘
] 49 ‘ |
0.2+ |
010 | |
1 | '|I
| i
0.00 —/r\’\fu\_ — R oy
-|||||||||||||||||||||||||||||||||||||||||||||||||
200 . god ' 'elod ' tobd | o120 ' otdod otend | odeoo' | 20d o2 ' o2dbd ' 2600
Minutes
RT Area o Height | %
(mirj | (V %sec) | ®A™3 | (V) | Height
119604 12719341 4936 (523463 | 5162
220819 (13047153 | 5064 |452508 | 48 48
e 1]
0.40 E;
g
0.35] T
0.30] OH
0.25] 2 COOMe
0.20]
0.154 49
0.1 -
=
]
0.08] S
E-.E-E-————-/N\""’“—-—P
eod ' sod "boe "o " 20,00 " o0 " a0 " asod
Minutes
RT Area Height | %
(miny | (uvsec) | P A [ () |Height
1(19.649 | 9796908 | 93.39 |409485 | 93.08
2(20.874 | 693127 6.61| 30429| 6.92
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- Exp-£95-COCLI-H1-2bud~i~1.

Fulse Sequencer sipi:

Ph
@]
/
O
COOMe
3h
[
J!}JI.”
o _j.ll.m.l 1L
e
10 ] 8 7 6

Ap=295-COCL3-C13-2008-1-1¢
Pules Sequance: s2pul

L]
— 3,686

: : #8050
H_‘ N
B
|
Ph
0
/
o}
COOMe
3h “
{ !
L o b || ‘ . ‘
200 1‘;(;” i;[;ln:m'“i;[;"”””‘_!‘I:-él;lll-r- 1l|];_'_ﬂ o BIIII. - snﬂ o .Ilﬂl o I__'Z_I -IIleI
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0.7
0.60 ﬁ 'ﬁ
] || |
" I
1 O
] / | |
0.40] o] ‘ |
o COOMe | | ||
* 03 ‘ | I
] Ll
o0 | |
0.20] | | |
] 3h | II
i | I|I | |
0.4 \
b | o .
1 [N S /
0.00] — \SE _&_A—/{-\"—— S
"Uod U "2od D tabod U '4nd U 'spd U 'ed ) 'rod Ut tEod U tdod U
Minutes
RT Area |, Height | %
(mirj | (V*sec) | A3 | (V) |Height
1(4.935 | 9297862 | 4930 |662276 | 50.18
215774 | 9562636 | 5070 [BE7H5T | 4982
0.24
0.22
:.20_5 Ph
0.189 O
] /
0.18] o
014 : COOMe
0.12]
2]
0.10]
003 3h
0.08]
e
0.02]
000 § —— —
Y pd N 2od U T dnd U T4 D s god ' ' ' 7od " aod
Minutes
RT Area |, Height | %
(miry [ (V*sec) | A3 | (V) |Height
1(4.986 | 3072803 | 9641 |228857 | 9575
25792 114538 359 10149 425
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aMp-xdd M1 UDCTY 2003-2-2%

Fulce Sequence: sipul

i b 3 :
i i |
|
|
N ||
' Ph |
o) |
/ |
(e} I
COOMe |
il
|
\O |
3i . \!
/ |
| [ | i
[ A I [
. Y ] J ...J__l_ e M . k_i...x_ ‘
1rn_‘Tl s—_;’ e T s _: 3 2 '_'_1_'---—}'
4;;.'1.1;;1‘..7 101 1:10 [F) 31‘;;! JT:I‘.;w s%‘;a
e svaven 1
t 8 ? By oW
[ | | |
| | |
|
| | |
Ph
O |
/ (|
0 i |
COOMe |

200 180 160 148 120 100 a0 50 an 20

S22



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2009

050
.40 Ph ﬁ :
| . j
| /
] 0 ‘
030] ‘I |
B COOMe
2 ] ‘ | ‘ |
SN i
i 3i | | | |
] [ 1]
o4 .
] Lo
| | |||| |
] | r k
0.0 — U N o~
“Uhbd "' zp ' 'abd U and ' shd ' 'sbd ' vbd ' snd ' owd | 'dobd D 'dimd U
Minutes
Peak | RT Area |, Height | %
Name| (mir) | (V*sec) | 2| (V) |Height
1|Peakl|6.785 [ 5952573 | 45.08 |480851 | 48.64
2| Peak2 |7.289 | 7250455 | 5492 |507766 | 51.36
0.904
0.80
0.70] Ph
/O
0.60] o
_ 050 3 COOMe
=
040
N
0.30] 0]
3i
0.20]
]
0,104 ~
fin]
0.0 B
Cled T 2o " 300 "a4od " Tsed "' eod T 7od "ol
Minutes
RT Area Height| %
(miry | (uV*sec) % Area (U | Height
1|6.767 | 460228 3.81| 45689 | 4.62
2|7.282 11629229 | ©6.19|943574 | 85.38
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Ph '
O
/
(@]
o COOMe
(@]
3j .
e \ —
l.ﬂ._‘_‘ L] ——-&;.I 7 ' ;‘—'_543 4 1 p;;
EXP-340-2-COCLA-C13-2008-3-5
i $
|
|
Ph
O
/
(@)
|
<o COOMe | l| | ! |
o I

IBAREN AR LERRN LAREN AR
4 k1] 20 L] L]

LR RAREN LR

TrrTT
B0 70 L1 50

TTT TTTT
T II|||I|ll|I|'|ll|IllllllllllllilllllllI!I||II|||I
lem ILG ILU 7o 180 150 140 130 120 10 .gl%n L1
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0.16
] th
o16] 3
0.12] | | | | Ph
0.1 “ | ‘ |
o] | o COOMe
S AN ¢
0.08] |
0.04] | | | | 3]
|
0.02] [ 1]
1 | I| Il I|
) \ \
:_.:]0_-__ - AN ——/-x——x—\——u—"'——' S -
" 2od ' '4od ' "6od ' dod ' 'idod ' '42od ' Tvsod 1800 ' 2000
Minutes
RT Area |, Height| %
(mirj | (V*sec) | A3 | (v) | Height
1(8.063 (4073506 | 4824 |146589 | 4893
2|9.077 | 4370645 | 51.76 (153021 | 51.07
022
0.20]
0.18]
; Ph
0.18] 0
] /
0.14] o
012] 0 ~__-COOMe
2o} (
0.08] (6]
0.06] 3
_.04—: i o
] fl 2
0.02] I ~
:.00_5_____. S/ \ﬁ—f'\——____,/_ "
T T e T e el e el el g
Minutes
RT Area |, Height | %
(mirh [(V*sec) | ©A™@ | () | Height
1|7.792 | 374355 558 | 12963 | 5Ha4
2|8.897 | 6334600 | 9442 (209194 | 94.16
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exp-z48 W1 CBG13 2008-u-4

Pulse Sequence: sipul

5,295
3.73%

—2.050

0 Ph |
o)
S COOMe
\ /
3k
| -:'
, [ i
| f Iy
B TR T e N
1o s 8 "7 . .s— 5 4 '_._ s é.. B 1 - _p‘pll

EXP-348-CDCL3-C13-2008-3-8

PPN

DT B

[ 1
TTT T TTTT TT TTT TT[ I T T[T T Trr?’ IIIlll|illllII1I!lllillllllillllllllflI T TTT
T |RLEREE BRI LA | T TTT [T T T T

200 180 180 170 180 150 140 130 120 1 100 a0 80 mn B0 50 40 30 20 10 L]
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Al

Al

0.50
uwy
uwy
<
0.40 bS]
. H "
S COOMe f\
0.30 \ / ’
0.20 4k / \
0104 } \ ‘ ~
0.00 P P __.l| |\\ - &._.
0.0 s I f;.UU I ' IiJ.UUI ' lf;.UUI t 2[‘].0[]' I I 25;.UUI 36.UUI t 33;.UUI
Minutes
RT Area |, Height| %
(miny | (Vsee) [*A®31 (V)| Height
1]21.954 (17801245 | 49.94 |527413 [ 57.24
2(32.455 (17843605 | 50.06 |393924 | 42.76
1.00+
0.80 OH
S 8 COOMe
0.60 \ /
0.40+ 4k |
0.20 } |
| 2
r~
o
A f \_ &
000|— I - . VAN
000 s I‘\I.UUI I I'IUI.UUI I Ilb‘.UUI I Izul.oul I IZb‘.U(.; I:SUI.UUI I I3bI.UUI I I4[.1'.UUI
Minutas
RT Area o Height | %
(min | (Vsee) | A3 (V) | Height
1|22.180 [ 34046554 | 95.95 975496 | 96.43
2(32.724| 1436131| 4.05| 36002| 257
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Bxp-dds b COC13  Z2009-2-27

Pulss wence: sZpul
i ;
i
i
|
_Oo——Ph
0]
o OOMe |
\ / h
] |
| |
| {f
I Col _ /) ‘ .
i ' .
| lM h | |
_ B T B | 5 D B0 W B
_m . é_ _;3 — ? - _é.., e T . .a_.. —— 3 S _2_ — _{ SR ‘.] _ppm
oi.ﬁuéy 1:-070 Qﬁg;..az 2o ?'.'S;?o 6.27

EXP-339-COCLI-C13-2008-3-35

PRH

3l

'I"[IllYIlIIIIIlTITlllII|lIIr|IIII|lTlYlll|I|liTI[1IlIIIIIIIIF!I[IIIIT'I‘I‘IT'TI
200 180 180 170 180 150 140 130 120 1Mo 1?ng| . 80 80 1o
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Al

03&:
] O Ph
0.25) O/
020] \O/ COOMe
2 015
1 3l
owcr:
00&:
00&:
‘W‘DO‘ s ‘2‘00‘ s ‘3‘00‘ s ‘4‘00‘ s ‘5‘00‘ s ‘BJOOI 7‘,00‘ BOd ‘QJOOI
Minutes
RT Area |, Height| %
(mirh | (v *sec) | A3 (V) | Height
1]6.063 | 2895198 | 50.68 319725 | 55.00
2(7.207 | 2817763 | 49.32|260618 | 44.91
0.104 %
0 Ph
O
0.08 =
WOOMe
0.06-
3l
0.04
0.0 .
o
(=]
A J A
1S et ST, I W b Il\'-- e —— —.,{",/kh—-_— ==
100 zod ' ao0 ‘400 'sod  eod 700 sod | soo 1000 1100
Minutes
RT | Area |, Height | %
(ming | (v "ser) | 2AR] vy | Height
1|7.287 | 1101077 | 95.20 |104583 | 95.18
218.097 55474 4.80 5301 4.82
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r LEp=E99- Lbhi dm bl mLUuT-1-0
Pulse si,..oce: sZpul
- — " ou . o oz -
g @ an " 2= 2 = = 82
. . ww .,. e - R i
[ i L | | L
il [l
j ! .
| |
COOMe
4b
|
| | (
f | | ‘
B ) N S W B W 1. l S | B
S S - - Y S S
18 ] 8 7 [ 5 4 3 1 ppm
: . v v v "
361.';’ 1.0% 1.090.55 298 0.%0 .55 0.87
£081029-CDCL3-C13-2009-4-3
‘ ]
& 1
COOMe
4b
h
|
AP AP S i e ﬂ“,}'i‘ g T e ]
TT llfllTIIllIlT‘I'llYI\lll|ill||1T|Ili'l'll|I‘1'Il|1I]IYI‘ililllllIIIII|||II|IIII!IIIIIIIIIlIlIYIl||P1I
ann T 1an 1A 1mn 1RA 140 1an 128 n 100 an 7o [:1] 50 40 an
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0.404 OH ﬁ
b4
0.35] COOMe T
0.30]
0.25]
4b =
5 0.20] 3
=
0.159
0.10
0.05]
oo M| k
a o -3 -l
oot ' " sed "7 Tqoed T T ised "onpd 2600 ' ' 'aoed " 'ased T
Minutes
RT Area Height | %
(miny | (v'sec) | *A®2| (V) | Height
1(18.396 |11850416 | 50.38 | 419460 | 68.00
234310 | 11667636 | 4961 |197420| 32.00
0.254 i
0.20 QH
. COOMe
0.16
|
=z
0.10 4b
0.05
=]
<
g
0.00 JL_.._. _ﬂAn
0.00 5.00 “1wod T "1s0d " lmod ' 'ss0d " 'a0od “asod " 40.00
Minutes
RT Area Height [ %
(miry | (usec) | A2 | () |Height
1(19.964 | 7524568 | 96.72 | 267156 | 97.69
2|35.148 | 254857 3.28 6305 2.31
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axp=23% H1 COCI3 2009-6-16

Pulse Sequence: sZpul

1b

OOH

_0.073

10
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