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General

Reactions were performed under a positive pressdirdry argon in oven-dried glassware
equipped with a magnetic stir bar. Standard ineroaphere techniques were used in handling all
air and moisture sensitive reagents. THF was fyedistiled from sodium and Ci€l, from
CaH. Purchased reagents were used without purificaR@actions were monitored by thin layer
chromatography (TLC) using commercial aluminum-leatlsilica gel plates. TLC spots were
viewed under ultraviolet light and by heating that@ after treatment with either a 0.5% solution
of ninhydrine in 3% ethanolic acetic acid or a 2&tuson of potassium permanganate in 7%
aqueous sodium carbonafé;N-disubstituted hydroxylamines were detected with ttfghenyl
tetrazolium chloride (TTC) in ethanol (red coloBroducts were purified by gravity column
chromatography on Silica Gel 60 (70-230 mesh). ikglpoints were determined in capillary
tubes and are uncorrected. Infrared (IR) spectna wecorded on a Fourier transform infrared
(FTIR) spectrometer equipped with an ATR (AttendafBotal Reflection) device and are
reported in reciprocal centimeters (§mChemical shifts forH spectra are values downfield
from tetramethylsilane in CDgI(0 0.00), CROD or (C),SO and are reported as follows:

chemical shift (ppm), multiplicity, integration, éoupling constants (Hz).
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1-Pyrroline-N-oxide' (1)

UHP, MTO / \

[ > CH,Cl,, MeOH NA
N 0 CTtort, 10 min I
H (@]
90% 1

To a stirred suspension of methyltrioxorhenium (MT0.012 g, 0.05 mmol, 0.5% mol equiv)
and urea hydrogen peroxide (UHP) (6.8 g, 70.0 mmoQH,Cl, (200 mL) 5 mL of MeOH was
added at room temperature. Within 15 min the yelkalor appeared, the reaction mixture was
cooled in an ice bath and pyrrolidine (0.71 g, 18u®ol) was added in one portion, the yellow
color disappeared. The ice bath was removed anth@nportion of MTO (0.012 g, 0.05 mmol)
was added at room temperature, the colour of maactixture turned pale yellow. The excess of
UHP was filtered off, CkCl, and MeOH were evaporated under reduced presshesreBidue
was diluted with CHCI; (100 mL), a solid substance was filtered off, #mel filtrate was washed
with 10% aqueous solution of b&0Os; (2x10 mL), brine, dried over N8O, and concentrated
under reduced pressure. The residue was purifieccdilymn chromatography on silica gel
(CH.Cl,-MeOH, 9:1) to afford 1 (0.77 g, 90%) as colourleds The product was found to be
unstable, but it could be stored for several days ®.5 M solution in THF at 5 °C under Ar
atmosphere®H NMR (300 MHz, CDGJ): § = 2.22-2.32 (m, 2H), 2.73-2.78 (m, 2H), 3.95-4.01
(m, 2H), 6.89-6.92 (m, 1H).

General procedure for the synthesis oft,a-disubstituted-2-pyrrolidinyl-methanols 2-5

(Method A)
Yz O R
I (e
o R OR? THF,-78T  H,0, THF N R

15 mi rt, 1h HO
1 min H o5

To a stirred and carefully deoxygenated solutiothefnitronel (60 mg, 0.7 mmol) and aromatic
ketone (0.5 mmol) in 5 mL of dry THF, a 0.1 M sadut of Smp (11.0 mL, 1.1 mmol) was added
at —78 °C under argon. After 15 min degassed waten362.0 mmol) and a second portion of
Smk solution (14.0 mL, 1.4 mmol) were added and trectien mixture was allowed to reach
room temperature. After 1 hour, a saturated saluioNaS,0s (5 mL), a 1M NaOH solution (15
mL) and EtOAc (20 mL) were added. After extracttbe organic phase was washed with brine,

! Ballistreri, F. P.; Chiacchio, U.; Rescifina, Aomaselli, G. A.; Toscano, R. Metrahedronl992 48, 8677.
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dried over NgSQ,, filtered, and concentrated. Column chromatograpéimg CHCIl,-MeOH-
EtNMe, (89:10:1) yielded racemic produ@sb.

(+)-Diphenyl-pyrrolidin-2-yl-methanol ? (2) (105 mg, 83%) was obtained from benzophenone
(91 mg, 0.5 mmol) as a colourless oil, which sbdédi upon standing; mp 80-81
O °C (Iit.2 82-83 °C). IR (neat): 700, 750, 1445, 1490, 152570, 2955, 3055,
-~ O 3340, 3360 cim. *H NMR (300 MHz, CDGJ): 6 = 1.52-1.76 (m, 4H), 2.90-3.06
(m, 2H), 4.25 (tJ = 7.7 Hz, 1H), 7.13-7.18 (m, 2H), 7.24-7.31 (m,)AF.48-
7.58 (m, 4H)**C NMR (300 MHz, CDGQJ): § = 25.5, 26.3, 46.7, 64.5, 77.1, 125.5 (2 C), 128.9
C), 126.3, 126.4, 127.9(2C), 128.2(2C), 145.4, 248.

(¥)-9-Pyrrolidin-2-yI-9 H-fluoren-9-ol (3) (60 mg, 48%) was obtained from fluorenone (90 mg,
0.5 mmol) as a white solid. Crystals were obtaived recrystallization from
O MeOH; mp 189-190 °C. IR (neat): 725, 765, 845, 145, 1585, 1605, 2865,
N HO 3035, 2965, 3270, 3310 émH NMR (300 MHz, (CR),S0O): 8 = 0.72-0.86 (m,
1H), 1.19-1.44 (m, 3H), 2.67-2.81 (m, 2H), 3.61)(t 7.6 Hz, 1H), 7.21-7.36 (m,
4H), 7.48-7.51 (m, 1H), 7.69-7.75 (m, 3HYC NMR (300 MHz, (CR),S0): 5 = 25.2, 26.3,
46.4, 65.5, 82.8, 119.2, 119.5, 123.8, 125.9, 12629.2, 128.0, 128.1, 139.3, 139.9, 147.8,
149.3. MS (EY): m/z(%) = 252 (100) [M + H], 234 (27) [M + H- HxO]". Anal. Calcd (%) for
Ci7H17NO: C, 81.25; H, 6.82; N, 5.58. Found: C, 81.396t84; N, 5.77.

(+)-1-Pyrrolidin-2-yl-1,2,3,4-tetrahydro-naphthalen-1-of (4) (90 mg, 83%) was obtained from

tetralone (73 mg, 0.5 mmol) as a colourless ollictwIsolidified upon standing;
N mp 71-72 °C (it 66 °C, CHGJ). IR (neat): 745, 815, 930, 1030, 1125, 1190,

1455, 1485, 2870, 2940, 3320 tntH NMR (300 MHz, CDGCJ): 6 = 1.41-1.49

(m, 1H), 1.55-1.59 (m, 1H), 1.60-1.90 (m, 5H), 2284 (m, 1H), 2.78-2.83 (m, 3H), 2.93-2.99

(m, 2H), 3.48 (tJ = 7.1 Hz, 1H), 7.03-7.06 (m, 1H), 7.11-7.18 (m,)2H64-7.67 (m, 1H)**C

NMR (300 MHz, CDC): 6 = 19.2, 26.4, 26.5, 28.9, 35.3, 46.7, 64.8, 722%.5, 126.6, 126.8,

128.5, 137.0, 140.8. MS (ESm/z (%) = 218 (100) [M + H], 200 (48) [M + H- H,O]". Anal.

Calcd (%) for GsH1gNO: C, 77.38; H, 8.82; N, 6.45. Found: C, 77.008t85; N, 6.22.

2 Corey, E. J.; Bakshi, R. K.; Shibata, S.; CherPC Singh, V. KJ. Am. Chem. So&987 109, 7925.
3 Seebach, D.; Wykypiel, VBynthesis1979 6, 423.
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(¥)-1-Pyrrolidin-2-yl-indan-1-ol (5) (mixture of diastereomers, 89 mg, 88%) was obtafnmuh

indanone (66 mg, 0.5 mmol) as a colourless oileRuajor diastereomdunlike)
QM‘ (54 mg, 53%) was obtained after additional chromgphy CHCIl,-MeOH-
EtNMe, (94:5:1) as a colorless oil. IR (neat): 725, 7880, 1065, 1290, 1400,
1460, 1475, 2865, 2940, 3320 tmH NMR (300 MHz, CDGJ): § = 1.63-1.79 (m, 4H), 2.06-
2.17 (m, 1H), 2.26-2.34 (m, 1H), 2.77-3.18 (m, 6BiB5-3.40 (m, 1H), 7.16-7.26 (m, 3H), 7.38-
7.41 (m, 1H).2*C NMR (300 MHz, (CDGJ): & = 26.3, 26.4, 29.3, 39.4, 46.9, 64.6, 83.5, 124.2,
124.7, 126.4, 128.0, 143.5, 145.5. MS {(E®/z(%) = 204 (95) [M + H], 186 (100) [M + H-
H,O]". HRMS: m/z [M + H] calcd for GH1gNO: 204.1388; found: 204.1381.

H HO

General procedure for the synthesis of the iodohydtes of 4, 5

O
[ />
N+ N Smly Smly
|
o- ) THF,-78T  H0, THF N In 4,HIn=2, 60%
1 n 15 min rt, 1h 5,HI n=1, 57%

H,l OH

The same procedure as for produgts, but after completion of the reaction (1 hour)nbk of
water was added, and the mixture was stirred forml® at room temperature under argon.
Products4,HI and 5,HI were extracted with ether and purified by catuhromatography
(CH.Cl,-MeOH, 90:10). Carefully degassed water and fredldilled solvents were used during
the work up and purification procedures to avoig @egradation of iodohydrates.

(¥)-1-Pyrrolidin-2-yI-1,2,3,4-tetrahydro-naphthalen-1-ol iodohydrate (4HI) (104 mg, 60%)
was obtained from tetralone (73 mg, 0.5 mmol) apake yellow oil. White
Q\% crystals precipitated from concentrated chloroforsolution; mp 190-193 °C. IR
o (neat): 735, 760, 880, 1020, 1190, 1280, 1370, 145@5, 2680, 2720, 2915,
2950, 3375 ci. *H NMR (300 MHz, CROD): § = 1.62-1.72 (m, 1H), 1.83-2.13 (m, 6H), 2.19-
2.33 (m, 1H), 2.86-2.91 (m, 2H), 3.28-3.42 (m, 3BlP2 (dd,J; = 10.7 Hz,J, = 6.6 Hz, 1H),
7.10-7.15 (m, 1H), 7.18-7.23 (m, 2H), 7.61-7.66 (H). *C NMR (300 MHz, CROD): § =
20.1, 25.1, 26.8, 29.1, 36.0, 47.1, 66.9, 71.2,8,227.6, 129.0, 130.1, 138.3, 140.7. MS*(ES

m/z (%) = 218 (100) [M + H], 200 (48) [M + H- H,O]". Anal. Calcd (%) for @H0INO: C,
48.71; H, 5.84; N, 4.06. Found: C, 49.01; H, 61914.07.
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(¥)-1-Pyrrolidin-2-yl-indan-1-ol iodohydrate (5,HI) (mixture of diastereomers, 95 mg, 57%)

was obtained from indanone (66 mg, 0.5 mmol) asla yellow oil. Pure major
% diastereomefunlike) (60 mg, 36%) precipitated from concentrated clitmmic

solution of diastereomer mixture as white crystaip; 178-180 °C. IR (neat): 720,
755, 835, 955, 1110, 1210, 1275, 1370, 1450, 18545, 2735, 2950, 2980, 3380°tnH NMR
(300 MHz, CQOD): § = 1.89-2.01 (m, 2H), 2.04-2.14 (m, 1H), 2.15-2(81. 2H), 2.37-2.45 (m,
1H), 2.94-2.99 (m, 2H), 3.26-3.42 (m, 3H), 3.73,(dd= 10.1 Hz,J, = 6.9 Hz, 1H), 7.23-7.33
(m, 3H), 7.41-7.45 (m, 1H}>C NMR (300 MHz, CROD): § = 25.4, 26.4, 29.6, 40.7, 47.3, 66.8,
82.1, 125.2, 126.2, 127.9, 130.1, 144.4, 145.1 (KS): m/z(%) = 204 (95) [M + H], 186 (100)
[M + H — H,0]". Anal. Calcd (%) for @H1gINO: C, 47.14; H, 5.48; N, 4.23. Found: C, 47.36; H
5.75; N, 4.22.

The relative configurations @fHI and5,HI were determined by X-ray crystallography:

General procedure for the synthesis oft,a-disubstituted-2-pyrrolidinyl-methanols 6,7

(method B)
[ ) o)
N sml, sml, D“Q)
| + n
0- é H,0, THF N
n

THF, 1t, 1h 6 n=1, 70%
. H HO et
-78 €, 30 min 7n=2, 71%

To a stirred and carefully deoxygenated solutiorthef nitronel (60 mg, 0.7 mmol), aliphatic
ketone (0.5 mmol) and degassed water {B05.0 mmol) in 5 mL of dry THF, a 0.1 M solution
of Smk (11.0 mL, 1.1 mmol) was added-at8 °C under argon. After 30 min a second portion of
Smk solution (14.0 mL, 1.4 mmol) was added and thetr@a mixture was allowed to reach
room temperature. After 1 hour, a saturated saluioNaS,0s (5 mL), a 1M NaOH solution (15
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mL) and EtOAc (20 mL) were added. After extracttbe organic phase was washed with brine,
dried over NgSQ, filtered, and concentrated. Column chromatograpéimg CHCIl,-MeOH-
EtNMe, (78:20:2) yielded racemic produ@or 7.

()-1-Pyrrolidin-2-yl-cyclopentanol (6)* (54 mg, 70%) was obtained from cyclopentanone (42
mg, 0.5 mmol) as a colourless oil, which solidifiggon standing; mp 45-47 °C (for

N HO (S-enantiomer litt 34 °C). IR (neat): 910, 990, 1065, 1090, 1380512830, 2865,

2935, 2955, 3280 ¢ 'H NMR (300 MHz, CDGJ): & = 1.44-1.85 (m, 12H), 2.75 (br. s., 2H,

NH, OH), 2.94-3.01 (m, 2H), 3.07-3.12 (m, 1HC NMR (300 MHz, CDG): & = 24.1 (2 C),

25.9, 26.3, 36.2, 40.0, 46.9, 66.2, 81.8.

()-1-Pyrrolidin-2-yl-cyclohexanol (7)* (60 mg, 71%) was obtained from cyclohexanone (49
mg, 0.5 mmol) as a colourless oil, which solidifiggon standing; mp 51-53 °C (for
H a (S-enantiomer litt 54 °C). IR (neat): 960, 980, 1040, 1260, 1400,5]142850,
2920, 3295, 3425 ctm'H NMR (300 MHz, CDG): 6 = 1.18-1.32 (m, 3H), 1.51-1.70 (m, 11H),
2.60 (br. s., 2H, NH, OH), 2.90-3.04 (m, 3tC NMR (300 MHz, CDGJ): § = 21.9, 22.0, 25.0,

25.9, 26.0, 33.9, 37.2, 46.7, 65.9, 70.6.

(¥)-2-(Hydroxy-diphenyl-methyl)-pyrrolidin-1-ol (8)

e} Smly Ph
(2 B e Ph

W T ey e TN L

1 63% 8
To a stirred and carefuly deoxygenated solutiontted nitronel (60 mg, 0.7 mmol) and
benzophenone (91 mg, 0.5 mmol) in dry THF, a 0.&dWition of Smj (11.0 mL, 1.1 mmol) was
added at-78 °C under argon. After 15 min, saturated solgiohNaS,0; (5 mL), NaHCQ (5
mL) and EtOAc (20 mL) were added -af8 °C. After extraction the organic phase was washe
with brine, dried over MgS§) fitered, and concentrated. Column chromatograpising
pentane-EtOAc (4:1) yielded racen@id85 mg, 63%) as a white solid, crystals were olethivia
recrystallization from EtOH, mp 126-128 °C. IR (f)e&00, 740, 1000, 1035, 1170, 1385, 1450,
1490, 1595, 2950, 2970, 3065, 3415%cAH NMR (300 MHz, CDGJ): & = 1.59-1.76 (m, 3H),
1.79-1.91 (m, 1H), 2.89-2.97 (m, 1H), 3.15-3.20 {iH), 4.15 (dd,); = 9.2 Hz,J, = 6.5 Hz, 1H),

* Reiners, |.; Wilken, J., Martens. Tetrahedron: Asymmetr{t995 6, 3063.
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7.12-7.18 (m, 2H), 7.24-7.31 (m, 4H), 7.47-7.49 @Hl), 7.62-7.65 (m, 2H)**C NMR (300
MHz, CDCh): & = 21.4 (2 C), 59.0, 74.0, 77.9, 125.5 (2 C), 138.C), 126.5, 126.6, 128.1 (4
C), 145.3, 147.2. MS (E® m/z(%) = 292 (100) [M + N4&] 270 (73) [M + Hf, 252 (45) [M + H
- H,OJ". Anal. Calcd (%) for ¢H1gNO,: C, 75.81; H, 7.11; N, 5.20. Found: C, 76.05; 817
N, 5.09.

Acylation of N-hydroxy-pyrrolidine 8: preparation of diastereoisomeric 9 and 10.

Ph
Ph N-Boc-L-PheOH Mph

N Ph  DCC, CH,Cl o. O OH

(I)H OH 0 <, 15 min \;I\:
8 95% Ph NHBoc 9 and 10

A solution of8 (269 mg, 1.0 mmol) in C¥Cl, (5 mL) was added to a solution NfBoc-L-
PheOH (318 mg, 1.2 mmol) and DCC (247 mg, 1.2 mmoQH,Cl, (5 mL) at 0 °C. After 30
min, the urea was filtered off and the filtrate wamhcentrated. Column chromatography using
pentane-EtOAc (4:1) yielded a mixture (1:1) of tkasomers9 and 10 (490 mg, 95%) as a
colourless oil. The diastereome®s(217 mg, 84%, first eluted) antD (194 mg, 75%) were

separated by column chromatography (pentane-Et©Ag, Separation by recrystallization was
also possible: 980 mg of a 1:1 mixture ®fand 10 were dissolved in 10 mL of a refluxing
mixture of pentane and EtOAc (4:1). On cooling, 180 (31 % vyield) of pur® fell out. The
mother liquor was concentrated, then recrystallire mL of the same solvent. 100 mg (20 %

yield) of purelO cristallized.

(S)-2-tert-Butoxycarbonylamino-3-phenyl-propionic acid §)-2-(hydroxy-diphenyl- methyl)-
pyrrolidin-1-yl ester (9) white solid, crystals were obtained via recrysation from pentane-
O EtOAc, mp 127-128 °C. IR (neat): 705, 745, 106(}(5,11345, 1490, 1705,
1755, 2925, 2980, 3445 &m'H NMR (300 MHz, CDGCJ): § = 1.45 (s, 9H),
g' HO O 1.68-1.84 (m, 4H), 2.63-2.86 (m, 3H), 3.30-3.34 (), 3.65-3.70 (m, 1H),
(j 4.31-4.35 (m, 1H), 4.49 (dl = 7.1 Hz, 1H), 7.02-7.05 (m, 2H), 7.06-7.15
o e (m, 2H), 7.19-7.27 (m, 7H), 7.47-7.50 (m, 2H), 7588 (m, 2H)*C NMR
(300 MHz, CDCY): 6 = 19.8, 24.6, 28.4 (3 C), 38.5, 52.9, 56.6, 7XA2, 79.6, 125.1 (2 C),
125.8 (2 C), 126.5, 126.7, 126.8, 127.8 (2 C), 1728.C), 128.3 (2 C), 129.4 (2 C), 136.1, 145.4,

146.4, 154.3, 170.6. MS (ESm/z(%) = 539 (28) [M + N&], 517 (77) [M + HI, 499 (34) [M +
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H - HxO]", 234 (100). HRMS: m/z [M + Na] calcd forsEizeN.OsNa: 539.2522; found:
539.2516.

(S)-2-tert-Butoxycarbonylamino-3-phenyl-propionic acid R)-2-(hydroxy-diphenyl-methyl)-
pyrrolidin-1-yl ester (10) white solid, crystals were obtained via recrygtatlon from pentane-
EtOAc, mp 133-134 °C. IR (neat): 695, 750, 114895, 1700, 1745,
2895, 2935, 2975, 3060, 3400 tmH NMR (300 MHz, CDCJ): § = 1.38
V o (s, 9H), 1.75-1.87 (m, 4H), 2.27-2.43 (m, 2H), 2361 (m, 1H), 3.38-
0=° 3.43 (m, 1H), 3.83-3.90 (m, 1H), 4.39-4.50 (m, 2B)98-7.01 (m, 2H),
phj‘NHBOC 7.06-7.15 (m, 2H), 7.20-7.27 (m, 7H), 7.47-7.50 @H)), 7.61-7.64 (m,
2H). *C NMR (300 MHz, CDGJ): & = 20.5, 25.3, 28.2 (3 C), 37.0, 53.2, 57.2, 7168, 79.9,
125.3 (2 C), 126.0 (2 C), 126.5, 126.6, 126.7,9%2.C), 128.0 (2 C), 128.3 (2 C), 129.3 (2 C),
136.2, 145.5, 146.7, 154.7, 170.4. MS (E®&/z(%) = 539 (61) [M + Nd], 517 (100) [M + H],
499 (21) [M + H- H,0]". HRMS: m/z [M + Na] calcd for §HseN-OsNa: 539.2522; found:
539.2517.

The absolute configuration @D was determined by X-ray crystallography:

10

Hydrolysis of 9 and 10

DMFPh lon Oj/\ i #
|
“MeOH, THF Ph or Ph
oy OH

¢)
0 C, 30 min oOn OH
(S.5)-9
Ph
NHBoc (R,S)-10 (S)-11 90% (R)-12 88%
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A 1M methanolic solution of LIOH (0.4 mL, 0.4 mmafjas added to a solution {103 mg, 0.2
mmol) in THF (5 mL) at 0 °C. After 30 min, the réian mixture was diluted with $D (10 mL)
and EtOAc (15 mL). After extraction, the organicapd was washed with brine, dried over
MgSQ;, filtered, and concentrated. Column chromatograpsigig pentane-EtOAc (4:1) yielded
(9-2-(hydroxy-diphenyl-methyl)-pyrrolidin-1-011° (48 mg, 90%, ¢]o*° +23.7, € 2.2, CHCY),
97% ee) as a colourless oil, which solidified ugtending. The same procedure for diastereomer
10 vyielded R)-2-(hydroxy-diphenyl-methyl)-pyrrolidin-1-oll2 (47 mg, 88%, ¢]p*° —24.8, €
2.2, CHC}), 96% ee) as a colorless oil, which solidified nmtanding. The enantiomeric purity
of 11 and12 was determined by chiral HPLC on a Daicel Chiralp®-RH column, 4.6 x 100
mm, eluent acetonitrile/water 70/30, 0.9 mL/mirtergion time for §-11 6.83 min and forR)-

12 4.23 min.

Reduction of (+)-©)-2-(hydroxy-diphenyl-methyl)-pyrrolidin-1-ol 11 to (-)-(S)-DPP.

N Ph ThF h,0. N Ph

| OH rt,1h H OH

OH 80%
11 ° (S)-DPP

To a stirred and carefully deoxygenated solutibthe productll (27 mg, 0.1 mmol) and
degassed water (9L, 0.5 mmol) in 1 mL of dry THF, a 0.1 M solutiori 8mlk, (2.5 mL, 0.25
mmol) was added at r.t. under argon. After 1 hawaturated solution of B&O; (1 mL), a 1M
NaOH solution (5 mL) and EtOAc (10 mL) were addAfter extraction the organic phase was
washed with brine, dried over p&Q,, filtered, and concentrated affording 20 mg (8@#egrude
(9-DPP as a colourless oil. The sample was identicabraroercial §)-DPP. p]p?° of the crude
material was-44.2, ¢ 1.3, MeOH) (lit® [a]p?° -54.3 € 0.261, MeOH) and lif.[a]p*° -58.8, €
3.0, MeOH)).

® O'Neil, I. A.; Cleator, E.; Tapolczay, D. Jetrahedron Lett2001, 42, 8247.

® Mathre, D. J.; Jones, T. K.; Xavier, L. C.; Blawtk, T. J.; Reamer, R. A.; Mohan, J. J.; Joneg,.H.;
Hoogsteen, K.; Baum, M. W.; Grabowski, E. JJ.JOrg. Chem1991, 56, 751.

" Corey, E. J.; Bakshi, R. K.; Shibata,JSAm. Chem. So¢987, 109, 5551.
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product 2

ZST
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95T
65T
19T
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99T ——
LT —
ZLT
€L'T
9.'T
68°C
26—
€6C —
G6'2
162
66'C
10°¢
€0'¢
90°¢
Y
T
12V

P

)\

€T
eT'L
GT'L
9T,
LT
8T,
8T,
vzl
GZ'L
9z,
9z, —— >\
8eL —
1L
8L
8L
05,
162
GG,
GG,
85,
85,

P e

a

'H NMR
CDCl,
300 MHz

O
S

HO

Qv 4.16

| 2.46

+1.00

W
N B
B RS

ND

ppm (t1)



N o QW OO
product 2 0 O SMm Mmoo ¢ 49O © © ) o < S12
- < HO S m® MO ANO K @ < ~ @
%5 BN OG5S ¥SSun I ~ N 3
5 < NN NN NN NNN© < © © 19
— U B B B | MNIMNMNDMNMNDNMN O < N N

Y \
(D e

CDCls |
H HO 75.5 MHz

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm (t1)



S13

product 3

¢80
G680
88T'T
v0C'T
€Tt
0€CT

™M o
0 ©
N«
—

e S N

86¢'T
8LE'T
86E'T
GEV'T
ovv'1
005°¢
90G°¢
€.9°¢
¥69°¢
G0.L°¢
Lel'¢c
8v.L'¢
[AY Y4
v,Ll'¢
908°¢
¥8G°€E
609°€
v€9'€

L0C'L
T1¢'L
[AXAVA
1AV
842 L
A TAVA
98¢2°L
80¢€°L
T1€L
ceE’'L
9EE’L
LSEL
T9€L
T8%°L
905°,
€69°L
0cL’L
YAZAVA

'H NMR
De-DMSO
300 MHz

212

+ 1.00

0.93

- 3.99

3 0.95
1 2.86

ppm (t1)



product3 D O NI OO MO SIS N~ © o) o N~ N MmO
N~ 0N OO N®W O < T} — < © DN A O
O N OO WON~O DM O®D ™~ 0 DU — o m N
S ST OO NN NN NN A N o © o o 0 O LN
A A A A AA A A A A A © © < ™ MmO AN N

_~ ——39.708
N 39.430

O B¢ NMR

Ds-DMSO
HO 75.5 MHz

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm (1)



S15

product 4

o o

N~§
© {9
— i

1Z4°"
GE9'T
veL'T
€081
av8'1
9G8'T
8.8'T
G86°T
266°T

€207 —— \
9€02 ——

P

08.°C
208'¢
618 ——
878'¢C .
€€6'C
G¥6°C
GS6°C
296°C
696°C
816°C
186°C
GSY'E
187°€
GOS'E

7

¥€0°L
9v0°.L
8v0°.L
0S0°.
850°.
¥90°L
vIT L
0€TL —— 2\
8eTL — 7
LvT' L
09T°'L
6.1 L
GSZ'L
9£9°/
¥S9°L
859/
199°/

.

S\

CDCl,
300 MHz

IH NMR

HO

P2 00
© O

S
P 0P
o

o
NI
oo
or

+ 1.00

+ 285

7~ 0.98

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

9.0

ppm (t1)




product 4 S® N Ry @ MmO © K~ ® ~ 0 T MN O s16
NO N ~O© < NS N~ Lo© N~ ® © OO
ON 0O ©© L0 Yowmw an © N Q0N
ST m N AN N NN © o< © D O © O O
R B I NN~~~ © < ® N NN
\ °C NMR 1
75.5 MHz
N
| |
\
\
‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm (t1)




S17

JRARRRREES

product 4,HI

BZEt
Zv6'T
8S6'T
886'T
¥00°¢C
9v0'¢C
6,02
62T°C
68T°C
v2ee
0522
992'¢
262 —— "\
28—
658°C
6.8°C

/88°C 7
668°C
0T6°C

€82°€
662°€
S0€°€
0IeE
STEE
TZeE
£EE'E
0SE°E
29g°e
8LEE
00v'€
9TY'E
768'€ ——

9T6'€ —

0£6'€ ——

156'€ ——

0T,
9TT'L
12T'L
€eT'L
LvT'L
LIT'L
63T"L
1022
612 L
gee’L
arcy
829'L
€v9'L
659°L

/

S\

!

'H NMR

Ds-MeOH
300 MHz

OH

Hol

+ 931

3 0.96

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

ppm (t1)



S18
prOdUCt4’HI g%%ggc’; D LONOO IO MO0 NOW N NN ANN M
O N O O O ™~ 0 NO 1 M O OO «1 OM 0N~ LD
S® S N~ O HO?Q@.OQOO..I\.I\.#*!F!@.F!'\.OO.
<< O M N NN — OO0 O O O WO WO N~ OO O O
U T e I B T B | M~ O < < < T T < ON NN N
it
13
N C NMR
H,I OH D4-MeOH
75.5 MHz

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm (1)



o 8071
0 z2l'T
12T
T6L'T
Z6L°T
¥60°C
L0T'2
YA N
LET'C
99T'Z
852'C
892°C
€82'2

— <
oo
M N
N N

o e e

TTEC
9¢e’¢
LEEC
viL¢C
8¢8'¢
€468'¢
€88¢
968°¢
v16°¢
G¢6'¢
8L6°¢C
TGEE
TO9E€
LLEE
98¢€°€C
€6€°€C
oor'e
1972
TLTL
A A
v0c'L
T1¢'L
T€CL
9Gc'L
€8EL
68€°L
oov'L
807,
viv.

product 5

\

'H NMR
CDCl,

HO

Z

300 MH

T+ 2.86
- 0.88

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

ppm (t1)



product 5 I¥ 2395 o< o~ © o < oo S20
n < o ™M O N M N O M~ o N~ o 0 O N
ToXsr) ~N © 9 < n < o w © © < N <™
< AN N AN N M M~~~ O <t (o] (@)] o O O
— — A A 0O I~ DM~ I~ O <t o AN AN N
N B¢ NMR
75.5 MHz
Il
| |
| |
‘HH‘H\\‘H\\‘\\H‘HH‘HH‘HH‘HH‘HH‘HH‘H\\‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm (t1)



— ¢06'T

(9N

N 26T
986'T
oto'¢
€T0°¢
LEOC
960°¢
9€T’¢
12°1'K4
¥8T°¢
86T°¢
8cc'e
8G¢2'¢
ote¢e
TLEC
Lyv'e
A4
296°¢
€66°¢
€92’¢t
otee
TGEE
G8€'€
XA R
80L°€
T€L’E
A
G9/.°€

0€C’L
8LC°L
¥8¢°L
€ceL
8c¢g’)

e SNy

-

€.
0cv'L
6EYL
Shv'L

product 5,HI

K

\

'H NMR

D4-MeOH
300 MHz

OH

N
Hol

=W
oRr

PP

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

ppm (t1)



product 5,HI N~ Mmoo Mo S22

< o O < o © D HdOTO®ON®SS M O O

~ ™ S ® A N N © OdNBOOO A N g o O

0 <t o~ © W0 — N Qoo A0 N o S Y

< < ® N NN o 6 SO WWOOHB N O D O O

o o L R © © IISTHEIITIT I I N N
N 3C NMR
H,l OH D4-MeOH
75.5 MHz

w gl o

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm (1)



S23

Sl

product 6

S.V'T
eer'T
v0S'T
009'T
ST.L'T
8EL'T
L1
TZ8'T
8¢8'T
SP8'T
8v.L¢
(A4
¢S6'¢
9G6°¢
996°¢
8.6°¢
986°¢
(0/0]0 >
S00°€
TL0€
LLOE
960°€
T¢Te

v9C'L

'H NMR

CDCly
300 MHz

HO

}2.10

+ 2.01
7 1.09

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

ppm (t1)



M N O N ™ Q0 O — AN
O < O (¢} o [Sp N @)
< NN © O © oo © 0 <
0o ~NNN © < m m N NN
Il
m °C NMR
N HO CDCls
75.5 MHz
‘\H\‘\H\‘HH‘HH‘\H\‘\H\‘H\\‘HH‘HH‘\\H‘\H\‘HH‘HH‘\\H‘\H\‘\H\‘H\\‘HH‘\H\‘\H\
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm (t1)




S25

product 7

v6C'T
€0ET
cce’l
TES'T
¥8G9°T
LS9'T
899'T
69T
989°1

omm”N /%
86G°¢
009'¢
T09°¢C
G09'¢ %
06°¢
N
k\\

v16°¢
9¢6°¢
Sv6°¢
LY6°¢C
836°¢
696°¢
¢66'¢
9T0°€
vv0'€

vic .

IH NMR

CDCl,
300 MHz

U

|

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

ppm (t1)



product 7 S26
< O © 00 W N~ ™M A M~ 00 O 00
NON~NN M To) N A Mo o Y
N © +H 2396 a0
MNDMNMNO O W © N O OO < -
NN~ N O < m M NN N NN
Bc NMR
NHO CDCl,
H 75.5 MHz !
|
|
|
|
|
|
‘HH‘\H\‘\H\‘HH‘\H\‘\H\‘H\\‘HH‘\H\‘\H\‘H\\‘HH‘\\H‘\H\‘HH‘HH‘HH‘HH‘HH‘HH
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm (t1)



S27

product 8

11291
9/9°T
069'T
T0L°T
vTL'T
z2L'T
T€L'T
/ST
698'T
G88'C
806°C
816°C
T¥6°C
0S6'¢C
716C
T9T°E
€8T'E
v6T'€E
AN
WTYy ——
GST'¥ T

LITY

I\

\

ver'L
8¢T'L
8v1°L
12512
€LT L
LLT L
6ECL
09¢’L
99¢°L
G98¢°L
68¢'L
60€.L
0Te’L
89%°L
cov’L
9T19°L
ov9'L
Sv9 L

N

I

= 2.98
— 1.01

+1.02
- 1.00

ﬁ - 1.23

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

ppm (t1)



product 8 S28

128.099
126.557
126.499
125.963
125.476
77.929
76.577
74.016
58.956
21.442

O 3¢ NMR

CDCl,

N 13 O 75.5 MHz
OH

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm (1)



S29

Svy'1
SO0L'T
€TLT
G08'T
818'T
GEB'T

[

product 9

829'C
v19C
G69°C
€92°C
G8.'C
608'C —— "\
1€8C ——
868'C
0ze'e

8G9 —
189°¢ ——

%

\

ZIEY
vZe' vy
12EY
ovE'v
v9Ev
viv'Y
6671
2z0°L
Zvo'L
8v0°.L
TTT°.
82T,
%AW
A1
6TC .
Svg L
g5’ L —
0.2,
WA
elvL
L6V°L
105,
€557/
8.6/

"\

S\

300 MHz|

1+ 9.35

} 430

0.94
2.08

LT
N N
(6 00 0)]

=

ppm (t1)



product 9 o MW Od O FTOO OO0 © o S30
= O OON QDD A0 K O o olo < < O o N ©
© O MHmM MmO M ANO®D OO T ~ o B[S ® 0 N S 0N O
o ¥ © ) O O WO~ © OO 0L DN < 0 o 0 Mo~
= WSO NANNNCNN NN o~ © o 0 © < o
— U T e T I B B I T IO I IO B B | N~ N~ 0 ™ NN
N
| HO
O Oo ‘
N @)
H )T C NMR
CDCl3
75.5 MHz
\
\
\
\
R R R A A R A R R N A AN A A AR
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm (t1)




AR
0 298'T
168'T ~
122
8TE'2
I¥ET
6952
5882
9TH'Z

31

celV ¢
8¢6°¢
GE6'C
ov6'¢
696°C
G86°¢
900°¢
Y10°€
¥8€°€
96€°€
807'€
8T¥'E
TEV'E

N2 =%

(

098¢

(e}
(e}
(92}
<

9Tvr'v
ovrvr'v
0LY'v
96Y'v
7869
700°L
TT0°L
8502
¢80,
L0T° L
8¢T°L
A< A
66T L
612 L
9cc’'L
1 LAVA
(0TAVA
69¢'L
TLV L
ELY'L
L6Y'L
c059'.
809°L
1192
GE9'L
or9'L

IH NMR
CDCl,

///

e

\
0O O
N
H

product 10

1.0 0.0

2.0

6.0 5.0 4.0 3.0

7.0

P
P NN
OO bHHFO
(o2 B ol o \S)

8.0

9.0

ppm (t1)



product 10 o NN A HO ON© NN~ D S32
o o © NS~ IO~ NND®O O OMFOoODN~ 1M © N O~ W0
™ © © AN MO NIOY O N OCNDOMN O © @ Te) o o
o <t © 1D OO WO OO G L0 O @ < @O QLW © o N M T
~ D ¥ TONNNN NN N N O NNENOCO AN M © ©® W1 O
— RN TR e e J R R B R NN~NENNKNK ~ W W ) N N N
/ S,
N
| HO ,
O Oo
\
O | |
N C NMR
H \
CDCl,
75.5 MHz
h
\
\
\
\
\
\
‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm (t1)




S33

product (S)-11

2S9'T
0.9'T
STL'T
18L°T
SY8'T
9T6'T
£96'T
126°C
¥56°C
1162
1T0°€
LE2°€
GGZ'E
6S2°E
T.2°€
062°€
GETY ——
9sTYy —— 7
L9T'V K\

88TV

WA e

CDCl,
300 MHz

| 3.09
+1.01

- 1.03
71 1.00

I+ 1.09

Y
P AR
OO WO

wo o~

ppm (t1)



4

™
n

(QV
i

product (R)-

ce9'l
LY9'T
199°T
T10L°T
11T
Vel 1
€eL’1
AZA"
JASYANY
/9.7

y

Geg T ——
168T ——

8G8'T
/88T
6¢6'T

N

006C ——
966 —
686°C
T6T'E
€TC’E
A
62Ty ——
IST'V
19TV
Z8T'Y

N\

N

8¢T°L
eeT’ .
94T,
LIT L
18T°L
vve L
0L¢°L
68¢°L
v6c L
€re’ s
0LV L
7AW
867" L
c05’.
LT9°L
0¢9°L
Y9 L
679" L

e

H NMR

CDCl,
300 MHz

J

HO

L o,
)
OH

J

=111

e
I
0o
w~N ©

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

ppm (t1)



