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Asymmetric Organocatal ytic N troal dol Reaction

Tommaso Marcelli, Richard N. S. van der Haas, Jan H Van
Maar seveen and Henk Hi enstra*

General Renar ks

Solvents were obtained from Biosolve, petroleum ether (boiling
fraction 40-65 °C) was distilled prior to use. THF was distilled
from sodi unf benzophenone; CH,Cl , was pre-dried on P,Gs and distilled
from CaH,. Col unm chronmat ography was perforned using Aldrich silica
gel (70-230 mesh, 60 A). Reagents were obtained from Adrich or
Fl uka and used wi thout further purification. 9-0O Benzyl cupreidine
(1)'Y and 9-O benzylcupreine (Q0)!? were prepared according to
Deng et al. Al dehyde 4hl®l was prepared according to Tietze et al.
400 MHz H- NVR, 100 MHz C-NMR and 2D '¥C-'H HSQC NWVR spectra were
obtai ned using a Bruker Avance 400 spectrometer. 'H- NVR chemi cal
shifts (d) are given in ppm downfield from tetranethylsilane. ®C
NMR chem cal shifts are given using CDC ;3 as the internal standard.
| R spectra were recorded on a Bruker |FS28 spectroscope. ES-HRVS
was performed on a JEOL JMS SX/SX 102A four-sector nass
spectroneter coupled to a JEOL WMSWMP9021D) UPD system program

ptical rotations ([a]?®®p) were neasured on a Perkin-El ner 241
polarinmeter. HPLC was perfornmed using a Myvis-GIlson equipnent
(injector nodel 231 and a 307 punp) and a Daicel Chiralcel ObDH
colum. A Pharmacia LKB-VWM 2141 detector was used for detection
and the chromatograns were recorded with an HP3395 i ntegrator.



Preparati on of the catal ysts

Ph | Ph
o 73
A : N - -

OH

Conditions: a) PhNTf,, DMAP, DCM; b) Pd(OAc),, BINAP, Cs,CO5; THF, Ph,C=NH; ¢) citric acid, THF, H,0; d) 3,5-(CF3),PhNCS, THF.

6'-Otrifluoronethyl sul fonyl-9-0 benzyl ci nchonine (Q>1):
| The synthesis of this conmpound was acconplished

Ph using the procedure described by Corey and Zhang

LO with a slight nodification. ! To a stirred mxture

= of benzylcupreidine 1 (5.00 g, 12.5 mol) in

e N di chl oronethane (90 nL) was added N-phenyl -

| bi s(trifluoronethanesul foninde) (4.88 g, 13.7
N~ mml) and 4-di methyl ani nopyridine (135 ng, 1.11
mol ). The mxture was stirred 15 hrs at room

OTf tenperature after which the solvent was evaporated

under reduced pressure. The residue was dissolved
in 150 m of EtOAc and washed three tines with saturated sodium
carbonate in water and one tine with brine, after which it was
dried over magnesium sulfate. The solution was concentrated under
reduced pressure after which the product was purified by flash
chromat ography over silica gel (0-5 % MeOH in EtQOAc) which gave
6.51 gram (12.2 mol, 98% of the pure product as a colorless
sticky oil. [a]®p= +77.4 (c 1.00, CHO); H NVR (400 MHz, CDd 3):
d8.99 (d, J =4.4 H, 1H), 8.27 (d, J = 9.3 Hz, 1H), 8.22 (b, 1H),
7.64 (dd, J = 9.3, 2.7 Hz, 1H), 7.56 (d, J 4.4 Hz, 1H), 7.40-
7.28 (m 5H), 5.90 (ddd, J = 17.1, 10.4, 7.3 Hz, 1H), 5.09 (b,
1H, 5.03 (m J =10.4, 1.5 Hz, 1H), 5.01 (m =17.1 Hz, 1.5 Hz,
1H), 4.49 (d, J = 11.5 Hz, 1H), 4.36 (d, J = 11.5 Hz, 1H), 3.15
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(m 1H), 3.04 (m 1H), 2.88 (dd, 13.2, 9.5 Hz, 1H), 2.74 (m 2H),
2.25 (m 1H), 1.96 (dd, J = 13.2, 9.5 Hz, 1H), 1.80 (m 1H), 1.57-
1.51 (m 3H) ppm CGNWR (100 MHz, CDO3): d 151.28, 147.50,
147.03, 140.27, 137.19, 133.19, 128.48, 128.11, 128.07, 128.01,
126.85, 122.76, 120.85, 118.82 (g, J = 320 Hz), 116.23, 114.63,
80.76, 71.63, 60.86, 49.80, 48.99, 39.76, 27.92, 26.37, 23.58 ppm
FTIR (CHO 3): 2944, 2875, 1596, 1509, 1456, 1425, 1249, 1225, 1212,
1141, 930, 846 cm?'; HRVS (ES, M+ H") calculated for [CyHFsNoQiS +
H *: 533.1722, found 533.1725.

6'-Otrifluoronethyl sul fonyl-9-0 benzyl-cinchonidine (Q1):
Ph This conpound was prepared followi ng the sane
J procedure as described above. Starting from
benzyl cupreine QO (1.01 g, 2.51 mml), N
: phenyl - bi s(trifl uoronmet hanesul f oni m de) (0.999
_ N = g, 2.79 mmol) and 4-dinethylani nopyridine (31
N M, 0.25 mmol ). The triflate (Q 1) was obtained
in 1.13 gram (2.13 nmmol, 85% vyield as a
colorless sticky oil. [a]®p, = -25.6 (c 1.00,
Tio CHO ,); 'HNVR (400 Mz, CDCls): d 8.98 (d, J =
4.0 Hz, 1H), 8.27 (d, J = 9.6 Hz, 1H), 8.24 (b, 1H), 7.64 (dd, J
= 9.6, 2.6 Hz, 1H), 7.56 (d, J = 4.0 Hz, 1H), 7.40-7.28 (m 5H),
5.80 (ddd, J = 17.6, 10.4, 7.6 Hz, 1H), 5.08 (b, 1H), 5.02-4.94
(m 2H), 4.47 (2d, J = 11.6 Hz, 1H), 4.39 (d, J = 11.6 Hz, 1H),
3.20 (m 2H), 3.01 (dd, J = 10.4, 14.0 Hz, 1H), 2.65 (m 1H), 2.57
(m 1H), 2.27 (m 1H), 1.84 (m 2H), 1.67 (m 2H), 1.58-1.50 (m
1H ppm C-NMR (100 MHz, CDO 3): d 151.13, 147.35, 147.08, 146.91,
141.56, 137.14, 133.04, 128.33, 127.81, 127.65, 126.61, 122.60,
120.64, 118.64 (g, J = 321 Hz), 116.16, 114.24, 81.45, 71.39,
60. 77, 56.42, 42.46, 39.65, 27.61, 27.59, 20.29 ppm FTIR (CHO 3):
3035, 2947, 2869, 1596, 1509, 1455, 1425, 1249, 1225, 1208, 1141,
931, 845 cm!; HRVMB (ES, M+ H) calculated for [CuH/FsNoQyS + H ™

533. 1722, found 532.1715.

6’ - Am no- 9- O benzyl ci nchoni ne (QD 2):
Ph | This compound was prepared from triflate (QD1)
followi ng the procedure for the Buchwal d am nation
o described by Corey and Zhang!¥: to a warm (66°C)
= solution of triflate @1 (6.51 g, 12.23 mmol) in

AN N 55 mL THF were added palladium acetate (0.163 g,

[\} P 0.76 rmml), BINAP (0.688 g, 1.1 mmol),
cesi unctar bonat e (5.612 g, 17.2 nmol ) and

benzophenone imne (2.13 m, 12.6 mol). The

NH, m xture was stirred for 24 hrs, after which the

product mxture was filtered through a Celite pad
using dichloronethane as the eluens. Volatiles were renoved in
vacuo to yield crude imne that was hydrolyzed w thout further
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purification: the residue was dissolved in 20 mMl THF and 40 m of
a solution of 10% citric acid in water. The mxture was stirred
for another 24 hours. Ethyl acetate (150 nlL) and a saturated
solution of sodium carbonate in water (100 nlL) were then added,
the water layer was separated and extracted one nore time with 50
nmL Et OAc. The conbi ned organic |ayers were extracted with 1 M HC
(2 times with 100 nL). The conbined water |ayers were washed with
di chl oronethane (3 tinmes, 75 nL). Ethyl acetate (75 nlL) was added
and the water layer was neutralized with saturated Na,CO; in water.
The organic |ayer was separated and the water |ayer was extracted
two nore tines with ethyl acetate (75 nL). The conbined organic
| ayers were dried over nmagnesium sulfate and concentrated in
vacuo, yielding pure amne (4.47 gram 91% as a yellow foam
[a] ®°p = +140.1 (c 1.00, CHO); H NVR (400 MHz, CDCl3): d 8.66 (d,
J = 4.4 Hz, 1H), 7.97 (d, J = 9.2 Hz, 1H), 7.42 (d, J = 4.4 Hz,
1H, 7.39-7.33 (m 5H), 7.29-7.16 (m 2H), 6.01 (ddd, J = 17.6,
10.4, 8.0 Hz, 1H), 5.29 (b, 1H), 5.03 (m 2H), 4.49 (d, J = 11.5
Hz, 1H), 4.41 (d, J = 11.5 Hz, 1H), 4.07 (b, 2H), 3.36 (m 1H),
3.05 (m 1H), 2.94 (dd, J = 13.2, 9.5 Hz, 1H), 2.74 (m 2H), 2.25
(m 1H), 1.96 (dd, J = 13.2, 9.5 Hz, 1H), 1.80 (m 1H), 1.57-1.51
(m 3H ppm BC-NWVR (100 MHz, CDCl3): d 146.37, 144.99, 143.63,
143.11, 140.63, 137.86, 131.62, 128.38, 128.03, 127.85, 127.75,
121.11, 118.75, 114.49, 103.07, 80.55, 71.30, 59.60, 50.05, 49.53,
40. 14, 28.22, 26.44, 21.01 ppm FTIR (CHO3) : 3400, 3069, 2944,
2876, 1631, 1516, 1455, 1358, 1274, 1213, 1116, 1051, 916, 828 cm
1 HRMB (ES, M + HY) calculated for [CpeHsoNsQ *: 400.2389, found
400. 2388.

6’ - Am no- 9- O benzyl ci nchoni dine (Q 2):
Ph Foll owi ng the sane protocol the am ne has been
) prepared from triflate Q1 (1.08, 2.04 mol),
Pd(QAc)> (24 ng, 0.11 nmol), BINAP (110 ng, O.18
mmol), GCs,CO; (2.69 mol), and benzophenone
_ N = ] imne (0.40 n, 2.38 nmol) The pure product was
N obtained in 0.63 gram (1.58 mmwol, 78% vyield as
a yellow foam [a]®p = -73.6 (c 0.95 CHJ,);
'H-NWR (400 MHz, CDCl3): d 8.67 (d, J = 4.4 Hz,
1H), 7.97 (d, J = 9.6 Hz, 1H), 7.44 (d, J = 4.4
Hz, 1H), 7.39-7.32 (m G5H), 7.19-7.15 (m 2H), 5.75 (ddd, J =
17.6, 10.4, 8.0 Hz, 1H), 5.25 (b, 1H), 4.97 (d, J = 17.6 Hz, 1H
4.93 (d, J = 10.4 Hz, 1H), 4.48 (d, J = 11.6 Hz, 1H), 4.41 (d, J
11.6 Hz, 1H), 4.07 (b, 2H NH), 3.49 (m 1H, H?), 3.19-3.10 (m
2H), 2.73-2.65 (m 2H), 2.30 (m 1H, 1.93 (m 1H), 1.83-1.75 (m
2H), 1.53 (m 2H) ppm C-NWMR (100 MHz, CDCl3): d 146.23, 144.90,
143. 44, 142.90, 141.44, 137.77, 131.48, 128.30, 128.23, 127.62,
127.58, 127.48, 120.96, 118.27, 114.30, 102.78, 80.21, 71.00,
59.82, 56.84, 43.19, 39.74, 27.79, 27.31, 20.90 ppm FTIR (CHQ j3):
3400, 3068, 2944, 2876, 1631, 1516, 1454, 1358, 1274, 1213, 1116,
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1051, 918, 856, 826 cm’; HRVS (ES, M + HY) calculated for
[ CosHooNe] *: 400. 2389, found 400. 2388.

N-[3,5-bis(trifluoromnethyl)phenyl]-N -(9-0 benzyl ci nchon-6"-yl)
Ph | thiourea (3): To a solution of amne @2 (3.01
L gram 7.51 nmmol) in THF (80 nmL) was added 3, 5-
0 bis-trifluoronethyl phenyl isothiocyanate (1.50
= m., 8.21 mml) and the m xture was stirred for 2
AN N hours at room tenperature. The THF was renoved
| under reduced pressure and the crude product was
N A purified over silica gel using EtOAC / MOH
[EtsN (94.5 : 5 : 0.5) as the eluens. This
NH yielded 4.06 grans (81 % of an off-white foam

A [a] %5 = +81.1 (c 0.99, CHO,); 'HNVR (400 Mz,
S™ NH CDQ5): d 8.91 (d, 4.4 Hz, 1H), 8.35 (bs,

J =
1H), 8.17 (d, J = 9.2 Hz, 1H), 8.00 (s, 2H),
7.71 (bd, J = J = 9.2 Hz, 1H), 7.57 (m 2H),
7.38-7.29 (m 5H), 5.88 (ddd, J = 17.2, 10.4,

CFs 7.6 Hz, 1H), 5.63 (b, 1H), 4.99 (d, J = 10.4 Hz,
497 (d, J = 17.2 e, 1H), 4.47 (m 2H), 3.21 (b, 2H), 2.89
(m 1H, 2.73 (m 1H, 2.56 (m 1H), 2.21 (m 2H), 2.13 (m 1H),
1.78 (m 1H), 1.60-1.35 (m 3H ppm ¥C-NWR (100 MHz, CDCl3): d
179.90, 150.43, 146.89, 145.99, 140.19, 139.41, 137.20, 135.45,
132.18, 131.61 (q J = 33.4 Hz), 128.58, 128.50, 128.03, 126.79,
126.69, 123.98, 123.25 (q, J = 275 Hz), 118.64, 115.21, 114.54,
119.32, 71.58, 60.95, 49.91, 49.16, 39.45 27.69, 25.89, 21.86
ppm 3 FTIR (CHO3): 3088, 2955, 2874, 1552, 1508, 1471, 1384,
1324, 1279, 1213, 1181, 1140, 887 cm% HRMS (ES, M + H)
cal cul ated for [ CgsHesFsNsOS]*: 671.2279, found 671. 2280.

N-[3,5-bis(trifluoronethyl)phenyl]-N -(9-0 benzyl ci nchonid-6"-yl)
thiourea (6): The sane procedure was applied
J starting from Q2 (0.61 g, 1.53 mol), 3,5-bis-
trifluoromethyl phenyl isothiocyanate (0.41 ni,
= 2.25 mol) and THF (30 nL). After the reaction
N = THF was renoved under reduced pressure, the
= Il crude product was redissolved in dichl oronethane
N (10 m.) and precipitated by addition of 50 nL of
petrol eum ether (boiling range 40-65°C). Yield:

N 0.59 gram (0.87 mml, 57%. [a]®p = -146.9 (c
1.00, CH.d); 'HNWR (400 MHz, CDOs3): d 8.97
(d, J = 4.4 Hz, 1H), 8.38 (bs, 1H), 8.26 (d, J =

8.8 Hz, 1H), 7.97 (s, 2H), 7.73 (bd, J = 8.8 Hz,
1H), 7.61 (m 1H), 7.54 (bs, 1 H), 7.41-7.30 (m
FsC CFs

I

5H), 5.95 (b, 1H), 5.60 (m 1H), 4.87 (m 2H),
4.64 (b, 1H), 4.48 (d, J = 11.2 Hz, 1H), 3.53
(b, 1H), 3.19 (b, 1H), 2.76 (m 2H), 2.31 (b, 1H), 2.23 (b, 1H),
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1.93 (b, 1H), 1.81 (b, 2H), 1.68-1.50 (m 2H) ppm 23C-NVR (100
MHz, CDCl3): d 180.18, 151.83, 150.990, 147.31, 140.65, 139.65,
137.41, 135.06, 132.65, 131.42 (g, J = 33.5 Hz), 128.37, 128.37,
127.75, 127.45, 126.78, 126.72, 124.08, 124.03, 122.97 (q, J = 274
Hz), 118.55 (2 carbons), 114.80, 71.18, 61.50, 56.73, 42.90,
39.32, 27.38, 26.80 ppm FTIR (CHO3) : 3084, 2948, 2874, 1549,
1508, 1471, 1384, 1324, 1279, 1213, 1181, 1140, 887 cm?; HRNVS
(ESS M + H) calculated for [GCssHssFeNOS]™: 671.2279, found
671. 2280.
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'H- NMR Spectrum of 3 (400 MhZ, CDd 3)
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'H- NMR Spectrum of 6 (400 Mz, CDd 3)
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Preparati on of the racemates

Raceni ¢ nitroal cohols were prepared according to Sinoni et al.:![®
0,1 mmol al dehyde was dissolved in 1.0 nL MeNO, and the resulting
solution was cooled to 0 °C. One drop of tetranethyl guani di ne was
added and stirring was continued for 15-60 mnutes. Three drops
from the reaction mxture were passed through a short pad of
silica gel (pasteur pipette) and eluted with EtOQAc. Vol atiles were
renoved in vacuo and the residue was dissolved in 2 nL of
hept ane/ i sopropanol 90:10, filtered and anal yzed by HPLC.

St ereochem cal Assi gnnments

The absolute configurations for conpound 5a, 5b, 5d, 5e and 5f
were assigned by conparison of their optical rotation wth
literature values. The absolute configurations for conpounds 5c,
5g, and 5h were assigned by anal ogy.

Ceneral procedure for the enantiosel ective nitroal dol reaction

A screw cap vial was | oaded with catalyst 3 (67 ng, 0.1 mml), THF
(1 m) and the aldehyde (1.0 mmol). The resulting solution was
cooled to -20 °C (freezer), then MeNG, (536 nL, 10.0 mmol) was
added. The solution was kept at -20 °C for the indicated tine,
then absorbed on a chromatography colum packed with silica gel
and eluted with the indicated PE/EtQAc m xture. All enantioneric
excesses were determned using a Chiralcel ODH columm, unless
ot herw se st at ed.

(S)-2-Nitro-1-phenyl - et hanol (5a):
OH 48 hours; PE/EtOAc 9:1; 90% yield. HNWR (400 MHz,
‘. _NO, CDA3): d 7.28-7.42 (m 5H ArH), 5.43 (dd, J = 9.5,
3.1 Hz, 1H, CHOH), 4.62 (dd, J = 13.1, 9.5 Hz, 1H,
Ej/V CH,CHOH), 4.50 (dd, J = 13.1, 3.1 Hz, 1H CHCHOH),

3.08 (bs, 1H, CHOH). HPLC: n-heptane/isopropanol
85:15, 0.8 nL/mn, 215 nm major enantionmer tg=11.49 mn, mnor

enantiomer tg=13.39 nin; 92% ee. [a]®p = +40.8 (c 1.02, CHd ,),
lit:!7 [a]®p= -39.0, (R -5a (c 1.00, CHO ,, 92% ee).

RUN # 223 SEP 2, 2005 15:20:89 RUN # 227 SEP 5, 208085 12:25:58
START START

IFge IFse
. IF-ga
IF-3@

- 11.494
— 11.743 1.494

e e——— | 3 008 — 13.385
! END OF SIGNAL

END OF SIGNAL Closing signal file Mi:SIGNAL  .BNA

Closing signal file M:SIGNAL .BNR RUN# 227 SEP &, 2085 12:25:58

RUN# 223 SEP 2, 2865 15:28:@9 SIGNAL FILE: M:SIGNAL .BNA
RREAZ
SIGNAL FILE: M:SIGNAL .BNA RT AREAR TYPE WIDTH AREAZ
AREAZ 11.494 2271886 BP .381 4.23916
RT AREA TYPE WIDTH RREAZ 13.385 51328836 PB .378 95.76883
11.743 69813632 PB .327 49.62768
13.888 70861120 PU .48 50 .37232

Racem c (S)-isoner



(S)-2-Nitro-1-o-tolyl-ethanol (5b):
OH 96 hours; PE/EtOAc 9:1; 97%vyield. 'HNWR (400 Mz,

_NO, CDO3): d 7.51 (m 1H, ArH), 7.27-7.30 (m 2H, ArH),
7.20-7.22 (m 1H, ArH), 5.67 (dd, J = 9.6, 2.7 Hz,
©i\/ 1H, CHOH), 4.54 (dd, J = 13.3, 9.6 Hz, 1H CHCHOH),
4.44 (dd, J = 13.3, 2.7 Hz, 1H, CH,CHOH), 3.02 (bs,
1H, CHOH), 2.40 (s, 3H, CHg). HPLC. n-heptane/isopropanol 85: 15,
0.8 nL/mn, 215 nm mnor enantiomer tg=9.81 mn, nmajor enantioner
tr=13.49 nin; 91%ee. [a]®°p= +44.7 (c 1.71, CHO ), lit:!® [a]?p=
-50.1, (R-5b (c 1.01, CHOA, 93%ee).

RUN # 238 SEP 6, 2885 10:37:54 RUN #

START START
IfFse

END OF SIGNARL

Closing signal file M:SIGNAL .BNA Clesing signel file M:SIGNRL B
RUN# 228 SEP 6, 2805 1@:37:5% RUNS ges
SIGNAL FILE: M:SIGNAL .BNA SI6
ARER% aRE

RT AREA TYPE WIDTH RREAZ

18.108 11758496 8B .29z 5@.33746
14.244 11565152 BB .428 49.68254

Racem c (S)-isoner

(S)-1-(4- Met hoxy-phenyl)-2-nitro-ethanol (5c):
OH 168 hours; PE/EtOAc 9:1; 94% yield. *H NVR (400
S No, M CDC 3): 1% d 7.34 (d, J = 8.8 Hz, 2H, ArH),
26.94 (d, J = 8.8 Hz, 2H, ArH), 5.41-5.44 (m
/©/\/ 1H, CHOH), 4.62 (dd, J = 13.1, 9.6 Hz, 1H,
MeO CH,CHOH), 4.49 (dd, J = 13.1, 3.0 Hz, 1H,
CHCHOH), 3.84 (s, 3H, CHO, ~2.3-3.0 (bs, 1H, CHOH). HPLC. n-
hept ane/i sopropanol 85:15, 0.8 nL/mn, 215 nm mnor enantiomner

tg=15.05 min, mmjor enantiomer tg=18.30 nin; 89% ee. [a]*°p = +61.4
(c 1.04, CHdy).

END OF SIGNAL

Closing signal file M:SIGNAL .BNR Closing signal file M:SIGNAL  .BNA

.............

RUN# 243 SEP 9, 28@5 15:22:87  RuN
SIGNAL FILE: M:SIGNAL .BNA
AREAZ

q
ARER TYPE WIDTH AREAY PE  LIDTH Apcay
15.95z 2135448@ BB 456  £@.10989
18.297 21268816 8P  .S6E  49.89011

Racem c (S)-isoner

£.78386
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(S)-1-(4-Fluoro-phenyl)-2-nitro-ethanol (5d):
OH 24 hours; PE/EtOAc 9:1; 99% yield. *HNWR (400
R NO, M, CDOg): d 7.39-7.43 (m 2H AH), 7.09-7.15
(m 2H ArH), 5.49 (dd, J = 9.6, 3.1 Hz, 1H
/©/\/ CHOH), 4.62 (dd, J = 13.3, 9.6 Hz, 1H CHCHOX),
F 4.51 (dd, J = 13.3, 3.1 Hz, 1H, CHCHOH), 2.91
(bs, 1H, CHOH). HPLC. n-heptane/isopropanol 85:15, 0.8 nL/mn, 215
nm mnor enantioner tg=10.75 mn, ngjor enantionmer tg=12.41 mn;
85% ee. [a]®°p = +35.4 (c 1.38, CHO ), lit:[1% [a]®p= -44.8, (R -
5x (c 1.05, CHA ,, 92% ee).

22:28:42

AREAY

49 57786

(S)-2-Nitro-1-(4-nitro-phenyl)-ethanol (5e):
OH 4 hours; PE/EtOAc 85:15; 91% yield. *H NVR (400
R NO, Mz, CDOs): d 8.28 (d, J = 8.8 Hz, 2H AH),
7.65 (d, J = 8.8 Hz, 2H, ArH), 5.61-5.64 (m 1H,
CHOH), 4.56-4.66 (m 2H, GHLCHOH), 3.23 (bs, 1H,
O2N CHOH). HPLC: n-heptane/isopropanol 85:15, 0.8
m./mn, 215 nm mnor enantiomer tg=19.37 mn, major enantioner
tr=23.74 nin; 86%ee. [a]®°,= +29.4 (c 1.02, CHCO,), lit:[® [a]?p=
-31.6, (R-5b (c 1.05, CHO, 78% ee).

RUN # 222 SEP 2, 2085 14:42:19 RUN # 232 SEP 6, 20805 17:89:83
START START

EIF9@

l IF-9@
19.366
3

23.745

END OF SIGNAL

END OF SIGNAL

Closing signal file M:SIGNAL .BNA Closing signal file M:SIGNAL .BNA
RUN# 222 SEP 2, 2805 14:42:19 RUN# 232 SEP 6, 2885 17:089:083
SIGNAL FILE: M:SIGNAL .BNA SIGNAL FILE: M:SIGNAL .BNA
RREAZ ARERZ
RT RAREA TYPE WIOTH ARERZ RT ARER TYPE WIODTH ARERZ
19.366 24631768  BP .655 49 .66678 19.283 §75144  PU €74 7.85672
23.745 24962352 PU  .823  5@8.33328 23.439 7575152 PU .793  92.94326
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(S)-1-Naphtal en-1-yl -2-nitro-ethanol (5f):
48 hours; PE/EtOAc 85:15; 99% yield. HNWR (400
MHz, CDCl3): d 8.03 (d, J = 8.8 Hz, 1H, ArH), 7.89
NO; (d, J = 8.8 Hz, 1H ArH), 7.83 (d, J = 8.3 Hz, 1H,
ArH), 7.74 (d, J = 7.2 Hz, 1H, ArH), 7.47-7.59 (m
3H ArH), 6.19-6.22 (m 1H, CHOH), 4.62 (m 2H,
CH,CHOH), ~3.2-3.7 (bs, CHOH, 1H). HPLC n-heptane/isopropanol
85:15, 0.8 nL/mn, 215 nm mnor enantionmer tg=14.49 mn, mnor
enantiomer tg=19.74 nin; 92% ee. [a]®p = +17.2 (c 1.02, CHd ,),
lit:[19 [a] %5, = +17.7, (S)-5d (c 2.41, CHO,, 93% ee).

RUN # 244 SEP 9, 2085 15:859:12
START

2, 2805 17:50:43

END OF SIGNAL

Racem c (S)-isoner
(S)-2-Nitro-1-pyridin-3-yl-ethanol (5g):
OH 24 hours; PE/EtOAc 1:1; 91% yield. *H NVR (400 Mz,
- Nozcoc:lg):[lll d 8.55 (s, 1H, ArH), 8.49 (d, J = 4.5 Hz,
|\ 1H, ArH), 7.83 (m 1H, ArH), 7.37 (dd, J = 7.9, 4.9
_ Hz, 1H, ArH), 5.54 (dd, J = 9.5, 3.1 Hz, 1H CHO),
N 4.64 (dd, J = 13.1, 9.5 Hz, 1H, CH,CHOH), 4.55 (dd, J

= 13.1, 3.3 Hz, 1H, CHCHOH), ~4.2-5.1 (bs, 1H, CHOH). HPLC. n-
hept ane/i sopropanol 75:25, 0.7 nL/mn, 215 nm mnor enantiomner
tr=15.36 nmin, major enantioner tg=27.71 min; 86% ee. [a]*p = +37.6
(c 1.04, CHA ).

25.834
END OF SIGNAL

Closing signal file M:SIGNAL  .BNA
RUN# 234 SEP 7, 28BS 18:44:0%5
SIGNAL FILE: M:SIGNAL .BNA
AREAZ
RY ARER TYPE WIDTH ARERZ
1.979 61444080 8P .E18 49.48662
.834 6271885 PP .329 €0.51236
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(S)-2-(1-Hydroxy-2-nitro-ethyl)-pyrrol e-1-carboxylic acid tert-

OH but y|

'H- NMR (400 MHz, CDOl 3):
6.27 (m 1H, ArH),
5.72-5.74 (m 1H,
8.9 Hz, 1H, CH,CHOH),
J = 6.2, 1H
90: 10,

\ 1H, ArH),

N

Boc 12. 4,
Hz, 1H, CHCHOH),

4.24 (bd,
(CH) 3C). HPLC. n-heptane/isopropanol
m nor enantionmer tg=9.61 mn, major enantioner

ester (5h): 24 hours;

PE/ Et OAc 9:1; 95% yield.
d7.24 (dd, J = 3.4, 1.8 Hz,
6.16 (t, J = 3.4 Hz,
CHOH), 4.85 (dd, J =
4.77 (dd, J = 12.4, 4.5

CHOH), 1.64 (s, 9H,
0.7 nb/mn, 254 nm

tr=10.63 mn; 91%

ee. [a]®®p = +5.1 (c 1.09, CHO ), 1it:[¥0 [a]%, = +5.9, (S)-5d (c

1.26, CHO,, 92%ee).

START

Enpl oynment of catal yst

(S)-isoner

6 using exactly the sane procedure afforded

nitroal cohols with the opposite absol ute configuration:

OH
NO,

O,N

ent-5e: 87% vyield,
93% ee; [a]®®p = -
32.2 (c 1.01,
CH.Q ») .

OH
l NO,

ent-5f: 97% vyield,
92% ee; [a]®p = -
22.8 (¢ 1.14,
CH.Q ») .

OH

“ NO,

\_N.

Boc
ent-5h: 97% vyield,

87% ee; [a]®p = -
5.0 (c 1. 00,

€.44954
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