
1 NOVEL TRICYCLIC CHIRAL COMPOUNDS AND THEIR USE IN ASYMMETRIC
CATALYSIS CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application makes reference to and claims the benefit of priority of
an 5 application for "Novel Tricyclic Chiral Ligands" filed on
September 03, 2008 with the United States Patent and Trademark
Office, and there duly assigned serial number 61/093,843. The
contents of said application filed on September 03, 2008 is
incorporated herein by reference for all purposes, including an
incorporation of any element or part of the description, claims or
drawings not contained herein and referred to in Rule 20.5(a) of
10the PCT, pursuant to Rule 4.18 of the PCT. FIELD OF THE INVENTION
[0002] The present invention relates to novel tricyclic chiral
compounds and their use in asymmetric catalysis. The tricyclic chiral
compounds have a hexahydropyrrolo[2,3-Nindole skeleton. 15BACKGROUND
[0003] Driven by the ever-increasing demand for chiral chemicals, the
development of new and efficient methods to provide enantioenriched
products is of great interest to both academia and industry.
Catalytic asymmetric reactions using organocatalysts provide one of
the most powerful and economical synthetic approaches to a variety of
enantiomerically 20 enriched compounds. The development of new
privileged chiral ligands and catalysts that exhibit high reactivity
and enantioselectivity is always a challenging endeavour for an
organic chemist. State-of-the-art chiral ligands- generally come from
the profound understanding of catalytic process, the creativity of
organic chemists and sometimes, a degree of serendipity. The most
important feature of privileged chiral catalysts is the 25 highly
rigid structures, with multiple oxygen-, nitrogen-, or
phosphorous-containing functional groups to bind strongly to reactive
metal centers [e.g. Yoon, TP, & Jacobsen, EN, Science (2003) 299,
1691-1693 or PfaHz, A, & Drury Ill, WJ, PNAS (2004) 101, 57235726].
Another important point is that it should be easily prepared and
modified, thus fit well to a combinatorial approach for finding the
most suitable ligand for a particular 30catalytic asymmetric
transformation. A compound that has been ascribed as a "universal
catalyst" due to its widespread application in organocatalysis is
proline, However, it is  2 widely accepted that proline is usually
not an efficient catalyst in terms of yield and enantioselectivity
for electrophiles that are poor hydrogen bond acceptors such as
nitroalkenes. [0004] Unfortunately, with most organocatalysts for
asymmetric catalysis the use of  5 high catalytic loading (>10 mol
%), the need to use anhydrous organic solvents or/and the narrow
substrate scope limit their applicability to complex molecule
synthesis. Furthermore, the organocatalyzed functionalization of
biomolecules in water remains a challenge.        [0005] Therefore,
there remains a need for novel organocatalysts. It would also be
particularly useful to provide an organocatalyst which can work
nicely in both water and  10 organic solvents. SUMMARY OF THE
INVENTION    [0006] The invention relates to a novel class of
structurally rigid tricyclic chiral compounds based on
hexahydropyrrolo[2,3-b]indole skeleton which can be synthesized from
a L-tryptophan derivative in five steps. The ligands can be used for
example as an  15 efficient chiral ligand in the enantioselective
borane. reduction of prochiral ketones to afford the corresponding
alcohols in excellent yield and high enantioselectivities, or in
enatioselective carbon-carbon bond formation.    [0007] In a first



group with a main chain having 1 to about 20 carbon atoms, an
alicyclic group, an  3 aromatic group, an arylaliphatic group and an
arylalicyclic group, comprising 0 to about 3 heteroatoms. The
heteroatoms are independently selected from N, 0, S, Se and Si. R4 is
one of an aliphatic bridge with a main chain having 1 to about 20
carbon atoms, an alicyclic bridge, an aromatic bridge, an
arylaliphatic bridge and an arylalicyclic bridge, 5 comprising 0 to
about 3 heteroatoms. The heteroatoms are independently selected from
N, 0, S, Se and Si, X is halogen, Further, in Formula (XX) R3 is one
of -C(OH)R1R2 and - C00R14. R1, R2 and R14 are independent from one
another one of hydrogen, an aliphatic group with a main chain having
1 to about 20 carbon atoms, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about
3 10heteroatoms. The heteroatoms are independently selected from N,
0, S, Se and Si.    [0008] In a second aspect the invention provides
a hexahydropyrrolo[2,3-13] indole compound of Formula (VII):  In
Formula (VII) R is one of -COOR3, -R4COOR3, -R4CHO, -R4COR3,
-R4CONR6R6, 15 -R4C0X, -R4OP(-0)(OH)2,, -R4PC=0)(OH)2),
-R4C(0)C(R3)CR6R6, -R4CO2COR3 and - (R3C0)20. R3 is one of hydrogen,
(C1-C20)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. R4 is One of
hydrogen, (C1-C20)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. R5 is one of
hydrogen, (C1-C20)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, aryl, 20 alkylaryl, and arylalkyl. R6 is one of
hydrogen, (C1-C20)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. X is halogen. In
some embodiments R3 to R6 are independent from one another one of
hydrogen, (C1-C10) alkyl, (C3-05) cycloalkyl, (C1-C3) alkylaryl,
arylalkyl, where the alkyl radicals, may be substituted by one or
more substituents,for example, -OH, -0-(C1-C10)-alkyl, -0-phenyl,
-O-CO-(C1- 25C10)-alkyl, -0-CO-aryl, -CO-( C1-05)-alkyl,
-00-0-(C1-05)-alkyl, -00-0-aryl, and aryl. Further, in Formula (VII)
R1 is independently selected from hydrogen, (C1-C20)-alkyl, aryl,  4
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
alkylaryl, and arylalkyl heteroaryl. Alkyl, alkenyl or alkynyl can be
straight chained or branched, and may be substituted by one or more
substituents. R2 in Formula (VII) is independently selected from
hydrogen, (01-C20-alkyl, aryl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, alkylaryl,  5 arylalkyl, and
heteroaryl. Alkyl, alkenyl or alkynyl can be straight chained or
branched, and may be substituted by one or more substituents. R1 and
R2 may in some embodiments be independent from one another one of
hydrogen, (01-C10-alkyl, (C3-05) cycloalkyl, (C1-C3) alkylaryl,
arylalkyl aryl, or heteroaryl. Again, the alkyl radicals, may be
branched and substituted by one or more substituents, for example by
-OH, -0-(C1-C10)-  1 0 alkyl, -0-phenyl, -0-00-(C1-C10)-alkyl,
-00-0-(C1-05)-alkyl, -00-0-aryl.     [0009] In a third aspect the
invention provides a hexahydropyrrolo[2,3-11 indole compound of
Formula (VIII):    15The compound of Formula (VIII) has a bowl-shaped
conformation. In Formula (VIII) M is a metal selected from the group
consisting of Group 1 to Group 14 metals, lanthanides and actinides.
Further, in Formula (VIII) the moiety R is one of COOR3, R3COOR4,
R3CHO, R3COR4, R3CONR4R6, R3C0X, R3OP(=0)(OH)2, R3P(=0)(OH)2),
R3C(0)C(R4)CR6R6, - R4CO2COR3 and (R3C0)20. R3 is one of hydrogen,



The compound of Formula (IX) has an S-shaped conformation. In Formula
(IX) M is a metal selected from the group consisting of Group 1 to
Group 14 metals, lanthanides and 10  actinides. Further, in Formula
(IX) R is one of -COOR3, R3COOR4, R3CHO, R3COR4, R3CONR4R5, R3C0X,
R3OP(=0)(OH)2,R3P(=0)(OH)2) R3C(0)C(R4)CR5R6 , -R4CO2COR3 and
(R3C0)20. R3 is one of hydrogen, (C1-C20)-alkyl, alkenyl, alkynyl,
cycloalkyl,' cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, or
arylalkyl. R4 is one of hydrogen, (C1-C20)alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, and
arylalkyl. 15  R5 is one of hydrogen, (C1-C20)-alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl,
or arylalkyl. R6 is one of hydrogen, (C1-C20)-alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl,
and arylalkyl. X is halogen. Further, in Formula (IX) RI is
independently selected from hydrogen, (C1-C20)-alkyl, aryl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, alkylaryl, and
arylalkyl heteroaryl. 20  Alkyl, alkenyl or alkynyl can be straight
chained or branched, and may be substituted by one or more
substituents. R2 in Formula (IX) is independently selected from
hydrogen, (CI-CA-alkyl, aryl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, alkylaryl, arylalkyl, and heteroaryl.
Alkyl, alkenyl or alkynyl can be straight chained or branched, and
may be substituted by one or more substituents. 25[0011] In a fifth
aspect the invention provides a hexahydropyrrolo[2,3-b] indole
compound of Formula (VI):  In Formula (VI) R is one of COOR3,
R3COOR4, R3CHO, R3COR4, R3CONR4R6, R300X, R3OP(=0)(OH)2 R3R(=0)(OH)2)
R3C(0)C(R4)CR6R6, -R4CO2COR3 and (R3C0)20. R3 is one of hydrogen,
(C1-C20)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl,  5 aryl, alkylaryl, or arylalkyl. R4 is one of
hydrogen, (CI-CA-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. R5 is one of
hydrogen, (C1-C20)alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, aryl, alkylaryl, or arylalkyl. R6 is one of
hydrogen, (C1-C20)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. Xis halogen. R9 in
Formula (VI) is alkyl. 10[0012] In a sixth aspect the invention
provides a hexahydropyrrolo[2,3-b] indole compound of Formula (IV):
In Formula (IV) R is one of COOR3, R3COOR4, R3CHO, R3COR4, R3CONR4R6,
R3C0X, R3OP(=0)(OH)2 , R3P(=0)(OH)2) R3C(0)C(R4)CR6R6, -R4CO2COR3 and
(R3C0)20. R3 is 15 one of hydrogen, (C1-C22)-alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, or
arylalkyl. R4 is one of hydrogen, (C1-C20)-alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, and
arylalkyl. Rs is one of hydrogen, (CI-CAalkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, or
arylalkyl. R6 is one of hydrogen, (C1-C20)-alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, 20cycloalkylalkyl, aryl, alkylaryl, and
arylalkyl. X is halogen. Y in Formula (IV) is a nitrogen protecting
group. R9 in Formula (IV) is alkyl. [0013] In a seventh aspect the
invention provides a hexahydropyrrolo[2,3-1)] indole  7 compound of
Formula (IVA): COOR1 In Formula (IVA) R is one of COOR3, R3000R4,
R3CHO, R3COR4, R3CONR4R5, R3C0X, R3OP(=0)(OH)2 R3P(=0)(OH)2)
R3C(0)C(R4)CR5R6, -R4CO2COR3 and (R3C0)20. R3 is  5 one of hydrogen,
(C1-C20)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, aryl, alkylaryl, or arylalkyl. R4 is one of



10 cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. X is halogen. Yin
Formula (IVA) is a nitrogen protecting group. R1 in Formula (IVA) is
a protecting group that may be removable by hydrogenolysis, e.g.
aryl-methylenyl.    [0014] In an eigth aspect the invention provides
a hexahydropyrrolo[2,3-b] indole compound of Formula (VIA): 15 (VIA)
'H In Formula (VIA) R is one of COOR3, R3COOR4, R3CHO, R3COR4,
R3CONR4R5, R3C0X, R3OP(=0)(OH)2 R3P(=0)(OH)2) R3C(0)C(R4)CR5R6,
-R4CO2COR3 and (R3C0)20. R3 is one of hydrogen, (C1-C20)-alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl,
alkylaryl, or arylalkyl. R4 is one of hydrogen, (C1-C20)-alkyl,
alkenyl, alkynyl, cycloalkyl, 20cycloalkenyl, cycloalkylalkyl, aryl,
alkylaryl, and arylalkyl. R5 is one of hydrogen, (C1-C20)- alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl,
alkylaryl, or arylalkyl.  8 R6 is one of hydrogen, (C1-C20)-alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl,
alkylaryl, and arylalkyl. X is halogen.     [0015] In a nineth aspect
the invention provides a method of preparing a compound of Formula
(VI) according to the fifth aspect (supra). The method includes
providing a  5 compound of Formula (IV) according to the sixth aspect
(supra). Moiety Y in the compound of Formula (VI) is generally
cleavable via hydrogenolysis. The method includes exposing the
compound of Formula (IV) to H2 in the presence of a Pd/C catalyst.
Thereby the method includes allowing deprotection of the Na group of
compound (IV). [0016] In a tenth aspect the invention provides a
method of preparing a compound of  10 Formula (VI A) according to the
eigth aspect (supra). The method includes providing a compound of
Formula (IV A) according to the seventh aspect (supra). As said
above, generally (but not necessarily) moiety Y in the compound of
Formula (IVA) is cleavable via hydrogenolysis. The method further
includes exposing the compound of Formula (IVA) to H2 in the presence
of a Pd/C catalyst. Thereby the method firstly includes allowing
15deprotection of the Na group of compound (IV A). The method thereby
secondly also includes allowing the cleavage of the ester bond to
moiety R16 of compound IVA).     [0017] In an eleventh aspect the
invention provides a method of preparing a compound of Formula (VII)
according to the second aspect (supra). The method includes reacting
a compound of Formula (VI) according to the fifth aspect (supra) with
a compound R1MgX,  20 R2MgX or a mixture of R1MgX and R2MgX. R1 in-
R1MgX is independently selected from hydrogen, (C1-C20)-alkyl, aryl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
alkylaryl, and arylalkyl heteroaryl. R2 in R2MgX is independently
selected from hydrogen, (C1-C20)-alkyl, aryl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkylalkyl, alkylaryl, arylalkyl, and
heteroaryl. 25[0018] In a twelfth aspect the invention proviges a
method of preparing a compound of Formula (IV) according to the sixth
aspect (supra). The method includes contacting a
hexahydropyrrolo[2,3-b] indole compound of Formula (III) COOR9  9
with an acyl halide RCOX in the presence of a base. In Formula (III)
Y is a nitrogen protecting group, and R9 is alkyl.       [0019] In a
thirteenth aspect the invention provides a method of preparing a
compound of Formula (IVA) according to the seventh aspect (supra).
The method 5includes contacting a hexahydropyrrolo[2,3-13] indole
compound of Formula (III A) COOR1 (IIIA) with an acyl halide RCOX in
the presence of a base. In Formula (III A) Y is a nitrogen protecting
group, and R19 is aryl-methylenyl. [0020] In a fourteenth aspect the



10 of Formula (VIII) according to the third aspect (supra). The
method includes reacting a compound of Formula (VII) according to the
second aspect with a metal compound selected from the group
consisting of Group 1 to Group 14 metals, lanthanides and actinides.
[0021] In a fifteenth aspect the invention provides a method of
preparing a compound  15 of Formula (IX) according to the fourth
aspect (supra). The method includes reacting a compound of Formula
(VII) according to the second aspect with a metal compound selected
from the group consisting of Group 1 to Group 14 metals, lanthanides
and actinides.         [0022] In a sixteenth aspect the invention
provides the use of the compound of Formulas (VII), (VIII), (IX),
(IV) and (VI) according to the second to the sixth aspects as a
20ligand for asymmetric catalysis.    [0023] In a seventeenth aspect
the invention provides the use of the compound of Formula (VIA)
according to the nineth aspect (supra) as a ligand for asymmetric
catalysis. BRIEF DESCRIPTION OF THE DRAWINGS  10 accompanying
drawings.     [0025] Figure 1 compares the structures of two
exemplary compounds of the invention, a compound of Formula VII and a
compound of Formula (VI A), and of some natural products with
hexahydropyrrolo[2,3-b]indole skeleton. 5[0026] Figure 2 depicts
schematically the synthesis of a compound of Formula (VII), starting
from a commercially available Na-protected L-tryptophan (1).
[0027] Figure 3 depicts schematically the synthesis of a compound of
Formula (VIA), starting from a commercially available Na-protected
L-tryptophan (1).         [0028] Figure 4A depicts an illustrative
example of a compound of Formula (VI) 10together with a schematic of
its X-ray structure. Figure 4B depicts an illustrative example of a
compound of Formula (VII) together with a schematic of its X-ray
structure.     [0029] Figure 5 illustrates the use of a compound of
Formula (VII) in the asymmetric reduction of a ketone.         [0030]
Figure 6 depicts the two different isomers of metal complexes
exemplified by a 15compound of Formula (VIII) with R1 = R2 = ph, and
a compound of Formula (IX) together with a 3D model thereof.
[0031] Figure 7 illustrates the potential of design of structurally
rigid chiral ligands based on the general structure of a compound of
Formula (VIII). [0032] Figure 8A illustrates the use of a compound of
Formula (VIA) in a catalytic  20 asymmetric Michael addition with the
Michael acceptor being a nitro group. Figure 8B illustrates the use
of a compound of Formula (VI A) in a catalytic asymmetric Michael
addition with the Michael acceptor being a carbonyl group. Figure 8C
illustrates the use of a compound of Formula (VI A) in a catalytic
asymmetric Michael addition with the Michael acceptor being a nitro
group. Figure 8D depicts the use of a compound of  25 Formula (VIA)
in a catalytic asymmetric Michael addition with the Michael acceptor
being a sulfonyl group. Figure BE and Figure OF illustrate
experimental examples on the use of a compound of Formula (VIA) in a
catalytic asymmetric Michael addition (CAN in Fig. 8F represents
ceric ammonium nitrate (NF14)2Ce(N0.3)6). Figure 8G depicts the
preliminary result of an experimental example that may indicate an
exception from the general  30 applicability of the catalytic
asymmetric Michael addition according to the invention or that may be
difficult to carry out. Figure 8H depicts further examples of
compounds for which preliminary data indicate their suitability as
Michael acceptors.  11     [0033] Figure 9A depicts the most stable
conformation of the enamine intermediate, a syn conformation, by DFT



10[0035] Figure 11 is a table depicting exemplary data on the
catalytic asymmetric reduction of ketones. Reactions were performed
with 0.5 mmol ketone, 0.6 mmol borane, 10% of the respective ligand
in 2 mL THF at reflux temperature. a Isolated  yield by column
chromatography. b ee determined by HPLC analysis using a Daicel
Chiralcel ASH column. 15[0036] Figure 12A is a table depicting
exemplary data on optimizations of the enantioselective borane
reduction of Acetonaphthone according to a use of the present
invention. Reactions were performed with 0.5 mmol acetonaphthone, 0.6
mmol borane, 10% of the respective ligand in 2 mL of solvent at
reflux temperature. a Isolated yield by column chromatography. b ee
determined by HPLC analysis using a Daicel Chiralcel AS-  20 H
column. c Catalyst prepared by 0.1 eq ligand with 0.12 eq B(OMe)3 at
RT and reduction at RT. d Catalyst prepared by 0.1 eq ligand with
0.12 eq B(OMe)3 at reflux condition and reduction at refulx
condition. e Ligand was was recycled once. f Ligand was recycled
twice  Ligand was recycled third time. Figure 12B depicts further
examples of compounds that were tested in the enantioselective borane
reduction and the observed yields and ee.. 25[0037] Figure 13A
depicts exemplary catalysts used in the asymmetric Michael reaction
of propanal to nitroalkenes depicted in the scheme of Figure 13B.
Figure 13C is a table depicting exemplary data on the catalytic
asymmetric Michael addition of Figure 13B. Reactions were conducted
with 2 equiv of aldehyde, 1 equiv of nitrostyene at room temperature
in the presence of catalyst with 1:1 catalyst:DMAP. a Isolated yield.
b Dr  30 (syn/anti) was determined by chiral HPLC analysis. c
Reported values refer to the syn isomer and were determined by chiral
HPLC on a chiral stationary phase. Figure 1313 depicts a further
asymmetric Michael reaction, the (10) catalysed addition of
isovaleraldehyde to vinyl sulphone.  12     [0038] Figure 14 is a
table depicting exemplary data on the catalytic asymmetric Michael
addition of unmodified aldehydes to Nitroalkenes. Reactions were
conducted with 2 equiv of aldehyde, 1 equiv of nitrostyene at room
temperature or 4 equiv of aldehyde at 60 C (for bulky aldehydes in
entries 12-14), in the presence of catalyst with 1:1  5
catalyst/DMAP. Generally 0.2 mmol nitroalkene, 0.4 mmol aldehyde were
used at room temperature and 0.2 mmol nitroalkene, 0.8 mmol aldehyde
at 60 C. a Isolated yield. b Dr was determined by chiral HPLC
analysis after purification c Reported values refer to the syn isomer
and were determined by chiral HPLC on a chiral stationary phase. Cy
in entry 6 means cyclohexyl. 10[0039] Figure 15 depicts schematically
the preparation and characterization of exemplary chiral ligands of
Formula VII, starting from a commercially available Naprotected
L-tryptophan (1) (cf. also Fig. 2).         [0040] Figure 16 shows
graphically the results of X-Ray crystal data analysis of a
nitroalkane product obtained in a Michael addition using a compound
of the invention (see 15Examples for the X-Ray crystal data).
[0041] Figure 17 shows graphically the results of X-Ray crystal data
analysis of a compound of the invention of general Formula (VI) (cf.
also Fig. 4A and the Examples below).         [0042] Figure 18 shows
graphically the results of X-Ray crystal data analysis of a
20compound of the invention of general Formula (VII) (cf. also Fig.
4A a.nd the Examples below).     [0043] Figure 19 depicts chiral
I-PLC analysis of racemic 1-phenylethanol on a Dacicel Chiralcel OD
column as a reference (cf. Fig. 20).             [0044] Figure 20



using a catalyst of general Formula (VII) on a Dacicel Chiralcel AS-H
column column.     [0048] Figure 24 depicts chiral HPLC analjsis of
(R)-1-(2-(6-methoxy)-Naphthyl)- ethanol obtained using a catalyst of
general Formula (VII) on a Dacicel Chiralcel OD column. 5[0049]
Figure 25 depicts chiral HPLC analysis of racemic
1-(4-NitrophenyI)-ethanol on a Chiralcel OB-H column as a reference.
[0050] Figure 26 depicts chiral HPLC anilysis of
(R)-1-(4-NitrophenyI)-ethanol obtained using a catalyst of general
Formula (VII) on a Chiralcel OB-H column.             [0051] Figure
27 depicts chiral HPLC analysis of (R)-1-(3-fluorophenyI)-ethanol
10obtained using a catalyst of general Formula (VII) on a Chiralcel
OB-H column.     [0052] Figure 28 depicts chiral HPLC analysis of
(R)-1-(4-TrifluoromethylphenyI)- ethanol obtained using a catalyst of
general Formula (VII) on a Chiralcel OJ column.         [0053] Figure
29 depicts chiral HPLC analysis of racemic
1-(3-TrifluoromethylphenyI)- ethanol obtained using a catalyst of
general Formula (VII) on a Chiralcel OBH column as 15a reference (cf.
Fig. 30).     [0054] Figure 30 depicts chiral HPLC analysis of
(R)-1-(3-TrifluoromethylphenyI)- ethanol obtained using a catalyst of
general Formula (VII) on a Chiralcel OBH column.     [0055] Figure 31
depicts chiral HPLC analysis of (R)-1-(4-methylsulfonylphenyl)
ethanol obtained using a catalyst of general Formula (VII) on a
Chiralcel OBH column. 20[0056] Figure 32 depicts chiral HPLC analysis
of (R)-1-(3,5-difluorophenyl) ethanol obtained using a catalyst of
general Formula (VII) on a Chiralcel OB-H column.     [0057] Figure
33 depicts chiral HPLC analysis of (R)-3,5-bistrifluoromethylphenyl
ethanol obtained using a catalyst of general Formula (VII) on a
Chiralcel OB-H column.             [0058] Figure 34 depicts chiral
HPLC analysis of (R)-1-(3,4-difluorophenyl) ethanol 25obtained using
a catalyst of general Formula (VII) on a Chiralcel OB-H column.
[0059] Figure 35 depicts a further theoretically possible
conformation of the enamine intermediate, a syn conformation that was
compared in DFT calculation (cf. the Examples below).        [0060]
Figure 36 depicts a further theoretically possible conformation of
the enamine 30intermediate, a syn conformation that was compared in
DFT calculation (cf. the Examples below).  14    [0061] Figure 37
depicts a further theoretically possible conformation of the enamine
intermediate, an anti conformation that was compared in DFT
calculation (cf. the Examples below).        [0062] Figure 38 depicts
a further theoretically possible conformation of the enamine
5intermediate, an anti conformation that was compared in DFT
calculation (cf. the Examples below).    [0063] Figure 39 depicts a
theoretically possible conformation of the transition state that was
compared in OFT calculation (cf. the Examples below). DETAILED
DESCRIPTION OF INVENTION 10[0064] The present invention relates to
the design and synthesis of a series of a new class of structurally
rigid tricyclic chiral ligands based on the hexahydropyrrolo[2,3-
1Aindole skeleton which can be synthesized from an L-tryptophan
derivative in four and five steps, respectively. 



[0065] The invention is based on the identification of the
tryptophan-based  15 hexahydropyrrolo[2,3-6]indole skeleton as a
rigid backbone that is capable for use to induce chirality. Two
possible isomers, endo or exo isomer could be generated in the ring
closure of tryptophan (Taniguchi, M, & Hino, T, Tetrahedron (1981)
37, 1487-1494; Bourne, GI, et al., Perkin Trans. I (1991) 1693-1699;
Crich, D, & Banerjee, A, Acc. Chem. Res. (2007) 40, 151 - 161) These
two isomers upon complexes with metal will result in 20rigid
conformations: Bowl shaped conformation of Formula VIII or S shaped
conformation of Formula IX (shown in Fig. 6).     [0066] In one
general aspect the invention relates to a hexahydropyrrolo[2,3-b]
indole compound of general Formula ()a):  15 -302R3,
-R4C(0)C(R3)CR6R6, -R4CO2C(R3)0, aryl or aryl-methylenyl. R31 may be
hydrogen, -COOR3, -R4COOR3, -R4COSR3, R4COSeR3, -R4CHO, -COR3,
-R4COR3, -R4CONR3R6, -R4C0X, -R4OP(=0)(OH)2, -R4P(=0)(OH)2), -S02R3,
-R4C(0)C(R3)CR6R6    5and R6 are independently from one another
hydrogen, or an aliphatic, an alicyclic, an aromatic, an
arylaliphatic, or an arylalicyclic group that includes 0 to about 3
heteroatoms independently selected from the group consisting of N, 0,
S, Se and Si. R4 is one of an aliphatic bridge, an alicyclic bridge,
an aromatic bridge, an arylaliphatic bridge and an arylalicyclic
bridge, comprising 0 to about 3 heteroatoms. The heteroatoms may
again be  10 independently selected from N, 0, S, Se and Si, Where
R3, R4, R6 and/or R6 are an aliphatic moiety (including an aliphatic
bridge), they typically have a main chain that has one to about 20
carbon atoms, including about 2 to about 20 carbon atoms, about 1 to
about 15 carbon atoms, about 2 to about 15 carbon atoms, about 2 to
about 10 carbon atoms or about Ito about 10 carbon atoms. X is a
halogen or a pseudohalogen. 15[0067] In some embodiments R and/or R31
is/gre a nitrogen protecting group, of which numerous are known to
those skilled in the art. In some embodiments R and R31 are
identical. In some embodiments R and R31 are different from each
other. In some embodiments R31 is a nitrogen protecting group that is
removable, i.e. cleavable from the nitrogen atom, in the presence of
hydrogen (H2). Examples of nitrogen protecting groups  20 that are
removed upon treatment with H2 include, but are not limited to,
formyl, benzyl, pmethylbenzyl, p-ethylbenzyl,
p-trifluoromethylbenlyl, p-methylbenzyl, 4-methoxybenzyl, 9-
phenylfluorenyl, diphenylmethyl, triphenylmethyl,
phenylethoxycarbonyl, carbobenzyloxy (Cbz), p-dihydroxyboryObenzyloxy
carbonyl, benzisoxazolylmethoxy carbonyl. In some embodiments R is a
nitrogen protecting group that is stable in the presence of H2. A
lage  25 number of such nitrogen protecting groups are availble. As a
couple of illustrative examples may serve methyl, tert-butyl, allyl,
prenyl, methcnrymethyl, 2,4-dinitrophenyl, pmethoxyphenyl,
o-methoxyphenyl, fluorenyl, benzenesulfenyl, benzoyl,
4-toluenesulfonyl (Tosyl, Ts), methoxycarbonyl, ethoxycarbonyl,
9-fluorenylmethyloxycarbonyl (FMOC), 2,6-
di-t-buty1-9-fluorenylmethyloxycarbonyl,
2,7-bis(trimethylsily1)fluorenylmethyloxycarbonyl,  30
2,2,2-trichloroethoxycarbonyl, trimethylsilylethoxycarbonyl,
1,1-dimethy1-2,2-dibromoethoxycarbonyl,
2-(N,N-dicyclohexylcarboxamidoethoxycarbonyl, tert-butyloxycarbonyl
(BOC), pmethoxybenzyl carbonyl (Moz or MeOZ),
1-(3,5-&-tert-butylpheny1)-1-methylethoxycarbonyl,



R12, R13, R14, R16, n17 and/or R18 is/are different from from R.
[0069] In some embodiments where R3 is -000R14, -0O5R16, -COSeR16 or
-CON(R16)R17, n14, R16 and 1217 are independently hydrogen or a
protecting group that can  25 be removed in the presence of the
moiety R. Hence in some embodiments the bond between R and the
corresponding nitrogen of the hexahydropyrrolo[2,3-13] indole
sceleton is at least essentially stable under conditions where R14,
R16 and/or R17, as may be applicable, are removable, including where
these moieties are (/this moity is), removed, In some embodiments R3
is identical to R31. In sofne embodiments R14, R16 and R17 are
30different from R31. In some embodiments where R3 is -000R14,
-COSR16, -COSeR16 or - CON(R16)R17, R14, R16 and n17
ti are independently hydrogen or a protecting group that can be
removed under conditions where R31 can be removed. Accordingly in
some embodiments it is possible to simultaneously remove both R14,
17 and R31 from a compound of general structure (XX) where R is a
moiety that includes one or more of R14, R16 and R17, as defined
above.    [0070] In some embodiments R31 is removable upon contact
with H2, i.e. by hydrogenolysis. R31 may accordingly be a protecting
group that is cleavable by means of 5exposure to H2. Illustrative
examples of respective moieties R31 are benzyl carbamoyl,
trifluoroacetyl, benzyl and triphenylmethyl (Trityl).    [0071] The
term "aliphatic" means, unless otherwise stated, a straight or
branched hydrocarbon chain, which may be saturated, i.e. alkyl or
alkylene, or mono- or polyunsaturated and include heteroatoms (see
above). An unsaturated aliphatic group  10 contains one or more
double and/or triple bonds (alkenyl or alkynyl moieties). The
branches of the hydrocarbon chain may include linear chains as well
as non-aromatic cyclic elements. The (main) chain of an aliphatic
moiety (including bridge), may, unless otherwise stated, be of any
length, and contain any number of branches. Typically, the
hydrocarbon (main) chain includes 1 to about 5, to about 10, to about
15, to about 20, to  15 about 30 or to about 40 carbon atoms.
Examples of alkenyl radicals are straight-chain or branched
hydrocarbon radicals which contain one or more double bonds. Alkenyl
radicals normally contain about two to about twenty carbon atoms and
one or more, for instance two, double bonds, such as about two to
about ten carbon atoms, and one double bond. Alkynyl radicals
normally contain about two to about twenty carbon atoms and one or
20 more, for example two, triple bonds, such as two to ten carbon
atoms, and one triple bond. Examples of alkynyl radicals are
straight-chain or branched hydrocarbon radicals which contain one or
more triple bonds. Examples of alkyl groups are methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, the n
isomers of these radicals, isopropyl, isobutyl, isopentyl, neopentyl,
sec.-butyl, tert.-butyl, neopentyl and 3,3-dimethylbutyl. Both  25
the main chain as well as the branches may furthermore contain
heteroatornS as for instance N, 0, S, Se or Si or carbon atoms may be
replaced by these heteroatoms.    [0072] The term "alicyclic" may
also be referred to as "cycloaliphatic" and means, unless stated
otherwise, a non-aromatic cyclic moiety (e.g. hydrocarbon moiety),
which may be saturated or mono-or poly-unsaturated. The cyclic
hydrocarbon moiety may also  30 include fused cyclic ring systems
such as decalin. and may also be substituted with non-aromatic cyclic
as well as chain elements. The main chain of the cyclic hydrocarbon



30 more aromatic moieties are substituted with one or more aliphatic
groups. Thus the term "arylaliphatic" also includes hydrocarbon
moieties, in which two or more aryl groups are connected via one or
more aliphatic chain or .chains of any length, for instance a
methylene group. In this regard, the term "aryl-methylenyl" includes
the moieties -CH2ar, -CHar2 and -Car3, with 'art representing an
aromatic moiety. The two aromatic moieties in  19 embodiment -CHar2
and the three aromatic moieties in embodiment -Car3 may be identical
or different. The term "aryl-methylenyl" also includes the moiety
-CH(alkyl)ar, with alkyl representing a cyclic or straight alkyl
chain of 1 to about 10, 1 to about 8 or 1 to about 6 main chain
atoms, including methyl, ethyl, propyl, isopryl, n-butyl or isobutyl.
5 Typically, the hydrocarbon (main) chain of an arylaliphatic
compound includes 5, 6, 7 or 8 main chain atoms in each ring of the
aromatic moiety. Examples of arylaliphatic moieties include, but are
not limited, to 1-ethyl-naphthalene, 1,1'-methylenebis-benzene,
9-isopropylanthracene, 1,2,3-trimethyl-benzene,
4-phenyl-2-buten-1-01, 7-chloro-3-(1-methylethyl)- quinoline,
3-heptyl-furan, 6[2-(2,5-diethylphenypethy1]-4-ethyl-quinaz0line or
7,8-dibutyl- 1 05,6-diethyl-isoquinoline.    [0075] As already
indicated above, each of the terms "aliphatic", "alicyclic",
"aromatic" and "arylaliphatic" as used herein is meant to include
both substituted and unsubstituted forms of the respective moiety.
Substituents may be any functional group such as -COOH (carboxy), -OH
(hydroxy), -SH (thiol-), a dithiane-, -SeH (seleno-), -CHO
(aldehyde), -CO-  15 (carbonyl), -5(02)- (sulfonyl), sulfo-,
sulfido-, -0- (oxo), sulfate (-0S03H), -NH2 (amino), - NO (nitro),
-NS, -NSe, a halogen such as -Br (bromo), -Cl (chloro) or -F
(fluoro), an amino-, an imino-, an amido-, an imido-, an azido-, a
diazo-, a cyano-, an isocyano-, a thiocyano-, a nitro-, a nitroso-, a
sulfonyl- (e.g.' a trifluoromethyl sulfonyl-, p-toluenesulfonyl-,
bromobenzenesulfonyl-, nitrobenzenesulfonyl-, or a methane-sulfonyl),
silyl-, 20silano- or a siloxy-group.    [0076] In some embodiments
where R3 is C00R14, a compound of general Formula Q(X) can be
represented by Formula (XXI)    In Formula (XXI) R and R31 are as
defined above. R35 is one of hydrogen, alkyl and a 25 protecting
group that is removable in the presence of of the moiety R. An
example of such a protecting group is arylmethylenyl. As already
explained above, in some embodiments R35 is identical to R, while in
other embodiments R35 is different from from R. In some  20
embodiments R35is a protecting group that can be removed in the
presence of the moiety R. Thus in some embodiments the ester bond
between R35 andthe carboxyl group can be cleaved under conditions
where the bond between R and the nitrogen of the
hexahydropyrrolo[2,3-b] indole sceleton is left at least essentially
intact. In some embodiments R35 is  5 identical to R31. In some
embodiments R35 isdifferent from from R31. In some embodiments R35 is
a protecting group that can be removed under conditions where R31 can
be removed. Accordingly in some embodiments it is possible to
simultaneously remove both R35 andR31 from a compound of general
structure (XX). [0077] In the Formulas depicting
hexahydropyrrolo[2,3-b] indole compounds as used  10 herein, the well
established wedge representation is used to define the stereochemical
configuration of the tricyclic moieties. The wedge representation
defines one orientation of a substituent relative to another



5In Formula (XX1B) R and R35 are as defined above. Y is a nitrogen
protecting group. In some embodiments Y is removable upon contact
with H2, he. by hydrogenolysis. Examples of a suitable nitrogen
protecting group include, but are not limited to, a carbamate,
methyl, t-butyl, N-allyl, benzyl, N-4-methoxybenzyl,
N-2,4-dimethoxybenzyl, N-2-hydroxybenzyl, N-prenyl, N-cinnamyl,
N-propargyl, methoxymethyl,  10 N-([2-(Trimethylsilypethoxy]methyl,
N-3-Acetoxypropyl, N-cyanomethyl, an N-2-Azanorborne,
N-2,4-dinitrophenyl, N-p-methoxyphenyl, N-o-methoxyphenyl,
N-Ifluorenyl, N-9- phenylfluorenyl, an amide or an aminocarbonyl
group of a general underlying structure that corresponds to urea (cf.
also above for further examples). Illustrative examples of carbamates
are methyl-carbamate, ethylcarbamate, t-butyl carbamate, t-amyl
carbamate,  15 vinylcarbamate, allyl carbamate,
triisopropylsiloxytcarbamate, 4-nitrocinnamyl carbamate,
9-Fluorenylmethyl carbamate (Fmoc), 2,6-dibuty1-9-Fluorenylmethyl
carbamate (DtbFmoc), 2,7-bis(trimethylsily0fluorenylmethyl carbamate
(Bts-Fmoc), 17-tetrabenzo[a,c,g,i] fluorenylmethyl carbamate,
9-(2-sulfo)fluorenylmethyl carbamate, 2-chloro-3-indenylmethyl
carbamate (Climoc), benzfflinden-3-ylmethyl carbamate (Bimoc),
9-(2,7-dibromo)-  20 fluorenylmethyl carbamate,
1,1-dioxobenzyo[b]thiophene-2-ylmethyl carbamate (Bsmoc),
2-methylsulfony1-3-phenyl-1-prop-2-enyloxy carbamate (Mspoc),
2,7-di-t-butyl[9-(10,10-dioxo-10,10,10,10-tetrahydrothioxanthyl)]meth
yl carbamate (DBD-Tmoc), 2,2,2-trichloroethyl carbamate (Troc),
2-timethylsily1 carbamate (Teoc), (2-phenyl-2-trimethylsilyl)ethyl
carbamate (Psoc), 2-phenylethyl carbamate, 2-chloroethyl carbamate,
1,1-dimethy1-2,2-dibro-  25 moethyl carbamate,
1,1-dimethy1-2,2,2-trichloroethyl carbamate, 2-(2'-pyridyl)ethyl
carbamate, 2-(4'-pyridyl)ethyl carbamate,
2,2-bis(41-riitrophenypethyl carbamate,
2-[(2-nitrophenyl)dithio]-1-phenylethyl carbamate,
2-(N,N'-dicyclohexylcarboxamido)ethyl carbama-  22 te, 1-adamantyl
carbamate, 1-(1-adamantyI)-1-methyl carbamate,
1-methy1-1-(4-biphenylyl)ethyl carbamate,
1-(3,5-di-t-butylphenyI)-1-methylethyl carbamate, 8-quioly1
carbamate, NI-hydroxypiperidinyl carbamate, an alkyldithio carbamate
(in particular with alkyl being methyl, ethyl, isopropyl, n-propyl or
t-butyl), phenyldithio carbamate, 3,5-di-t-butylbenzyl  5 carbamate,
p-methoxybenzyl carbamate, p-nitrobenzyl carbamate, a halobenzyl
carbamate, 2-naphtylmethyl carbamate, diphenylmethyl carbamate,
9-anthrylmethyl carbamate, 4- phenylacetoxy carbamate, 4-azidobenzyl
carbamate, 2-methylthioethyl carbamate, 2- methylsulfonylethyl
carbamate, 2-(p-toluenesulfonyl)ethyl carbamate, [2-(1,3-dithiany)-
methyl carbamate,1,1-dimethy1-2-cyanoethyl carbamate,
2-(4-nitrophenyl)ethyl carbamate,  10 m-nitrophenyl carbamate,
3,5-dimethoxybenzyl carbamate, phenyl(o-nitrophenyl)methyl carbamate
and 4-methoxyphenacyl carbamate. Illustrative examples of suitable
amides are formamide, acetamide, chloroacetamide, trifluoroacetamide,
phenylacetamide, 3-phenylpropanamide, pent-4-enamide, picolinamide,
3-pyridylcarboxacetamide, benzamide, pphenylbenzamide,
o-(benzyloxymethyl)benzamide, o-hydroxy-trans-cinnamide, 2-(g-butyl-
15 diphenylsiloxyynethyljbenzoyl, o-hydroxy-trans-cinnamide,
4-chlorobutanamide, acetoacetamide and
2-methy1-2-(o-phenylazophenoxy)proPanamide. Illustrative examples of



10 aliphatic group, an alicyclic group, an aromatic- group, an
arylaliphatic group and an arylalicyclic group. The above said for an
aliphatic group and embodiments of an alicyclic, an aromatic, an
arylaliphatic or an arylalicyclic group, also applies to R1 and R2.
In some embodiments R1 and R2 are identical, whereas in other
embodiments they are different. In one such embodiment R1 and R2 are
both aryl. As noted above, aryl may be phenyl,  15 naphthyl, or
alkylaryl, for example, tolyl, xylyl, or heteroaryl, all of which may
be substituted by one or more identical or different substituents
selected from from the group halogen, (C1-C3)-alkyl or phenyl, -OH,
-0-(C1-C3)-alkyl, (C1-C2)-alkylenedioxy, -NO2, -CO(C1-05)-alkyl,
-CF3, -CN, -CONR7R6, -COOH, -00-0-(C1-C3)-alkyl, -(C1-C3)-alkyl. R7
and R8 are independent from one another one of hydrogen, an aliphatic
group with a main  20 chain having 1 to about 20 carbon atoms, an
alicyclic group, an aromatic group, an arylaliphatic group and an
arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S. Se and
Si. As also explained above, aliphatic groups may be alkyl radicals,
which may be substituted by one or more substituents, such as by -OH,
-0-(C1-C10)-alkyl, -0-phenyl, -0-00-(Ci-C10)-alkyl, -O-CO- 25aryl,
-CO-(C1-C3)-alkyl, -00-0-(C1-C3)-alkyl, -00-0-aryl, or aryl.
[0084] In some embodiments a respective a hexahydropyrrolo[2,3-b]
indole compound is provided in form of a compound of Formula (VIII)
R1 R2  25 As can be taken from Formula (VIII), the compound has a
bowl-shaped conformation. In Formula (VIII) M is a metal compound
selected from the group consisting of Group 1 to Group 14 metals of
the periodic table of the chemical elements (according to the new
IUPAC system), lanthanides and actinides. In some embodiments M may
for instance be  5 a compound of a metal of Group 13, such as a boron
compound, including an organo borane compound, an aluminium compound,
including an aluminium organic compound, an indium compound,
including an indium organic compound, or a gallium compound,
including a gallium organic compound. In some embodiments M may for
instance be a compound of a metal of Group 13, such as Zinc compound.
In some embodiments M may  10 be a compound of a metal of Group 14,
such as tin compound. In some embodiments M may be a compound of a
metal of Group 12, such as a zinc compound or a cadmium compound. In
some embodiments M may be a compound of a metal of Group 11, such as
a copper or a silver compound. In some embodirrients M may be a
compound of a metal of Group 9, such as an iridium compound or a
rhodium compound. In some embodiments  15 M may be a compound of a
metal of Group 4, such as a titanium compound or a zirconium
compound. In some embodiments M may be a compound of a lanthanide
such as lanthanum or cerium. As a few illustrative examples. M may in
some embodiments be one of 5H3, 62116, 85H9i 131131-114, AlC13,
ZnCl2, Zn(OT02, ZnEt2, SnCl2, TiCI4, Ti(Oi-Pr)4, Cp2TiCl2, ZrC14,
Cp2ZrCl2, InCI3, In(011)3, Cu(OAC)2, (IrCp*C102, (tr(COD)C1)2, LnCI3,
and 20LnCp2Cl2. R, R1 and R2 are as defined above.    [0085] In some
embodiments a respective hexahydropyrrolo[2,3-b] indole compound has
an S-shaped conformation and can be represented by Formula (IX)  25In
Formula (IX) moieties M, R, R1 and R2 are as defined above.    [0086]
In some embodiments R30 in general Formula (XX) is -COOR9 or -000R10.
In some of these embodiments a respective hexahydropyrrolo[2,3-b]
indole compound can be represented by Formula (VI)  26    In Formula
(VI) R9 is an aliphatic moiety, which may in some embodiments have a



In Formula (IV) Y is a nitrogen protecting group (cf. above). Y may
in some embodiments be sensitive to H2, i.e. removable by
hydrogenolysis. In one embodiment, the nitrogen 15 protecting group
is selected from the group consisiting of alkoxycarbonyl, benzyhdryl,
trifluoroacetyl group, t-butoxycarbonyl group, carbamates including
methyl, ethyl and substituted ethyl carbamates, amides, cyclic imide
derivatives, N-Alkyl and N-Aryl amines, imine derivatives, and
enamine derivatives. R and R9 are as defined above.
[0088] In further embodiments a respective hexahydropyrrolo[2,3-b]
indole compound 20can be represented by Formula (IVA)  In Formula
(IVA) R1 is a protecting group that is removable in the presence of
of the moiety R. An example of such a protecting group"is
arylmethylenyl. Examples of suitable aryl-methylenyl groups include,
but are not limited to, benzyl, diphenylmethyl,  5 dibenzysuberyl,
2,4,6-trimethylbenzyl, p-bronobenzyl, o-nitrobenzyl, p-nitrobenzyl,
4- sulfobenzyl, 4-picolyl, 2-naphthylmethyl and
1,2,3,4-tetrahydro-1-naphthyl. As already explained above, in some
embodiments 1:21 is a protecting group that can be removed in the
presence of the moiety R. Thus in some embodiments the ester .bond
between R1 and the carboxyl group can be cleaved under conditions
where the bond between R and  10 the nitrogen of the
hexahydropyrrolo[2,3-b] indole sceleton is left at least essentially
or entirely intact. In some embodiments R1 is a protecting group that
can be removed under conditions where Y can be removed. Accordingly
in some embodiments it is possible to simultaneously remove both
`land R1 from a compound of general structure (IVA). An example of
conditions where this is achievable is an embodiment where R1 is  15
arylmethylenyl and its removal is carried out via hydrogenolysis. R
and Y are as defined above.ln some embodiments Y may be removable by
hydrogenolysis.     [0089] In further embodiments a respective
hexahydropyrrolo[2,3-b] indole compound can be represented by Formula
(VIA)  28     [0090] Compounds according to the invention of the
Formula (VII) can be obtained as shown in Fig. 15. Starting from the
commercially available Na-protected L-tryptophan 1, for example
Na-carbobenzyloxy-L-tryptophan, initial DCC coupling with methanol
followed by acid catalyzed ring closure provided the
hexahydro[2,3-b]pyrrolo indole 3 as 5 diastereoisomeric cyclic
tautomers. In agreement with literature precedent (Taniguchi, M, &
Hino, T, Tetrahedron (1981) 37, 1487-1494; Bourne, GT., at al., J.
Chem. Soc., Perkin Trans. 1 (1991) 1693-1699; Crich, D, & Banerjee,
A, Acc. Chem. Res. (2007) 40, 151 - 161), after sodium
carbonate-mediated protection, the thermodynamically stable trans
isomer of compound (IV) was obtained and the less stable
diastereoisomer reverted back 10 to starting material 1. Initial
attempts to direct Grignard addition to compound (IV) (cf. Fig. 2)
were, surprisingly, unsuccessful. No reaction was observed. It was
speculated that this effect might be caused by the highly crowded
nature of the structure. To remove the steric effect, an alternative
approach was followed byremoving the protecting group first, followed
by subsequent Grignard addition. This strategy proved successful and
a series of 15chiral ligands 7a-h were obtained in good yields (Fig.
15).    [0091] Thus the present invention provides a method of
preparing a compound of Formula (VII)  20by reacting a compound of
Formula (VI)  29 with a Grignard reagent R1MgX , R2MgX or a mixture
of R1MgX and R2MgX. R1 and R2 in the Grignard reagent and in Formula



in which R and R35 are as defined above. R3' of Formula (XXI) is
hydrogen. The method includes providing a compound of Formula (0(1 B)
In Formula (X0(1 B) R and R35 are as defined above. Y is a nitrogen
protecting group (supra), which is generally removable upon contact
with H2, i.e. by hydrogenolysis. The method further includes
contacting the compound of Formula (XXI B) with H2 in the presence of
a suitable catalyst such as a heterogeneous catalyst. Typical
examples of a 15 heterogeneous catalyst are a Raney catalyst (e.g.
Raney nickel), Adam's catalyst, Palladium black or a carrier based
catalst such as a Pd/C, Ni/C, Rh/C or a Lindlar catalyst, Palladium
Black, or Raney nickel. Thereby cleavage of the bond between moiety Y
and the corresponding nitrogen atom of the tricyclic compound of
Formula (XXI B) is allowed to occur. Accordingly, deprotection of the
Na group of the compound of Formula (XXI B) is 20 allowed. Where R35
is arylmethylenyl such as benzyl a cleavage of the ester bond to
moiety R35 is in the same process effected. Thus deprotection of the
carboxyl group of the tricyclic compound of Formula (Y.XI B) is
allowed to occur in such embodiments.  30     [0093] Deprotection of
the Na group of the compound of Formula (XXI B) may be allowed to
occur in any desird solvent, whether nonpolar (aprotic), dipolar
protic or dipolar aprotic. Typically an organic solvent is used.
Examples of non-polar solvents include, but are not limited to,
hexane, heptane, cyclohexane, benzene, toluene, pyridine, dichloro-
5 methane, 1,2-dichloroethane, chloroform, carbon tetrachloride,
carbon disulfide, tetrahydrofuran, dioxane, diethyl ether or
diisopropylether. Examples of dipolar aprotic liquids are methyl
ethyl ketone, chloroform, tetrahydrofuran, dioxane, ethylene glycol
monobutyl ether, pyridine, methyl isobutyl ketone, acetone,
cyclohexanone, ethyl acetate, isobutyl isobutyrate, ethylene glycol
diacetate, dimethylformamide, acetonitrile, N,N-dimethyl acetamide,
10 nitromethane, acetonitrile, N-methylpyrrolidone, methanol,
ethanol, propanol, isopropanol, butanol, N,N-diisopropylethylamine,
and dimethylsulfoxide. In some embodiments allowing deprotection of
the Na group of the compound of Formula (XXI B) and thus of the
formation of a compound of Formula ()Oa A) is carried out in a polar
protic solvent. Examples of polar protic solvents include, but are
not limited to methanol, ethanol, butyl 15alcohol, formic acid,
dimethylarsinic acid [(CH3)2AsO(OH)], N,N-dimethyl-formamide,
N,N-diisopropylethylamine, or chlorophenol.     [0094] In some
embodiments the method of forming a compound of Formula (XXI A) is a
method of forming a compound of Formula (VI) according to the present
invention (see above)    The method includes providing a compound of
Formula (IV) as defined above  31    [0095] The method further
includes contacting the compound of Formula (IV) with H2 in the
presence of a Pd/C catalyst, a Ni/C catalyst, a Rh/C catalyst or
another suitable catalyst as illustrated above. Thereby cleavage of
the bond between moiety Y and the corresponding nitrogen atom of the
tricyclic compound of Formula (IV) is allowed to occur. 5Hence, the
method includes allowing the Na group of the compound of Formula (IV)
to be deprotected in the presence of Pd/C catalyst."    [0096] In
some embodiments providing the compound of Formula (IV) includes
providing a compound of Formula (III)  10In Formula (III) R9 is alkyl
as defined above. In some embodiments, R9 is (C1-C10) alkyl, such as
methyl, ethyl, propyl, or butyl. Y is a nitrogen protecting group as
explained above. In one embodiment, the nitrogen protecting group is



25 desired reaction can proceed. Accordingly, typically an organic
solvent is used. In some embodiments contacting the compound of
Formula (III) with an acyl halide RCOX is carried out in a dipolar
protic solvent. Examples of dipolar aprotic solvents include, but are
not limited to, methyl ethyl ketone, chloroform, tetrahydrofuran,
dioxane, ethylene glycol  32 monobutyl ether, pyridine, methyl
isobutyl ketone, acetone, cyclohexanone, ethyl acetate, isobutyl
isobutyrate, ethylene glycol diacetate,- dimethylformamide,
acetonitrile, N,Ndimethyl acetamide, nitromethane, acetonitrile,
N-methylpyrrolidone, methanol, ethanol, propanol, isopropanol,
butanol, N,N-diisopropylethylamine, and dimethylsulfoxide. 5[0098] In
related embodiments of forming a compound of Formula (XXI A) (supra)
according to the invention a compound of Formula (VIA), as defined
above, is synthesized.    In Formula (VIA) R is as defined above.
[0099] The respective method (or embodiment with regard to forming a
compound of 10Formula (XXI A)) includes providing a compound of
Formula (IVA)as defined above    The method further includes
contacting the compound of Formula (IVA) with H2 in the presence of a
Pd/C catalyst. Thereby cleavage of the bond between moiety Y and the
corresponding nitrogen atom of the tricyclic compound of Formula (IV)
is allowed to occur. 15 Hence, the method includes allowing the Na
group of the compound of Formula (IV) to be deprotected in the
presence of Pd/C catalyst. Further the cleavage of the ester bond
between moiety Fe and the corresponding carbonyl group is allowed to
occur.    [0100] In some embodiments providing the compound of
Formula (IV) includes providing a compound of Formula (III A) as
defined above  The compound of Formula (IIIA) is contacted with an
acyl halide RCOX in the presence of an inorganic base such as an
alkali base. Examples of a suitable inorganic base include, but are
not limited to, sodium carbonate, potassium carbonate, sodium
hydroxide,  5 potassium hydroxide and calcium carbonate. In Formula
RCOX moiety X is halogen such as F, Cl, Br or I, and R is as defined
above. In some embodiments contacting the compound of Formula (III A)
with an acyl halide RCOX is carried out in a dipolar protic solvent
(supra).        [0101] A compound of Formula (VI) as defined above is
used in a further method 10according to the invention. The respective
method is a method of forming a compound of Formula (VII) as defined
above         [0102] The method includes providing a compound of
Formula (VI), for instance by 15forming the same as defined above, or
by obtaining the same in another way. The compound of Formula (VI)  



34 is contacted with a compound R1MgX, R2MgX or a mixture of R1MgX
and R2MgX. R1 and R2 are as defined above and X is halogen (supra).
As noted above, in some embodiments R1 and R2 are identical, in which
case only one compound RitvIgX or R2MgX needs to be contacted with
the compound of Formula (VI). In some embodiments contacting the
5compound of Formula (VI) with a compound R1MgX, R2MgX or a mixture
thereof is carried out in a dipolar protic solvent (supra).    [0103]
Further, a method of forming a compound of Formula (IV) as defined
above is provided    The method includes providing a compound of
Formula (III) as defined above  The compound of Formula (III) is
contacted with an acyl halide RCOX (supra) in the presence of an
inorganic base as defined above. In some embodiments contacting the
15compound of Formula (III) with an acyl halide RCOX is carried out
in a dipolar protic solvent (supra).    [0104] In a related method
the invention provides a method of forming a compound of Formula
(IVA) as defined above  35 COOR1  The method includes providing a
compound of Formula (III A) as defined above  The compound of Formula
(III A) is contacted with an acyl halide RCOX (supra) in the 5
presence of an inorganic base as defined above. In some embodiments
contacting the compound of Formula (III A) with an acyl halide RCOX
is carried out in a dipolar protic solvent (supra).    [0105] The
present invention also provides a method of forming a compound of
Formula (VIII) as defined above    The method includes providing a
compound of Formula (VII) as defined above, for instance by forming
the same as defined above, or by obtaining the same in another way.
The compound of Formula (VII)  36  



is contacted with a metal compound selected from the group consisting
of Group 1 to Group 14 metals, lanthanides and actinides. In one
embodiment of the invention, the metal compound M is selected from
the group consisting of BH3, B2F16, 135F19, B10F114, 5AlC13, ZnCl2,
Zn(0Tf)2, ZnEt2, SnCl2, TiC14, Ti(Oi-Pr)4, Cp2TiCl2, ZrCI4, Cp2ZrCl2,
InC13, In(0Tf)3, Cu(OAc)2.(IrCp*C12)2, (Ir(COD)C1)2, LnCI3, LnCP2C12.
[0106] The present invention also provides a method of preparing a
compound of Formula (IX) as defined above ( 1R2 R N \ 70 NIM(IX) I R
10The method includes providing a compound of Formula (VII) as
defined above, for instance by forming the same as defined above, or
by obtaining the same in another way. The compound of Formula (VII)
37 is contacted with a metal compound selected from the group
consisting of Group 1 to Group 14 metals, lanthanides and actinides,
(see above).    [0107] As explained above, in one embodiment, the
metal compound M can be selected from the group consisting of BH3,
B21-18, B5F19, B10H14, AlC13, ZnCl2, Zn(011)2,  5 ZnEt2, SnCl2,
TiCI4, Ti(Oi-Pr)4, Cp2TiCl2, ZrC14; Cp2,ZrC12, InCI3, In(0Tf)3,
Cu(OAc)2, (lrCp*Cl2)2, (1r(COD)C1)2, LnCI3, and LnCp2Cl2. It is noted
that a compound of Formula (IX) is often not stable under acidic
conditions. However, using a radical reagent such as
Nphenylselenophtalimide in an aprotic nonpolar 'solvent in the
presence of pyridinium ptoluenesulfonate such difficulties may be
avoided (cf. e.g Depew, KM, et al., J. Am. 10Chem. Soc. (1999) 1221,
11953-11963).    [0108] The present invention also relates to the use
of the compounds of Formula VII as chiral ligand for asymmetric
catalysis, particularly to the asymmetric reduction of ketones. In
these uses the respective compound serves as a so called "active
catalyst" in that it converts an achiral reactant to a chiral
product. Such a chiral product has  15 asymmetry, in that it is
non-superposable on its mirror image. Without the intent of being
bound by theory it is believed that the tricylic rigid ring system of
the hexahydropyrrolo[2,3-b]indole skeleton provides a chiral pocket
that directs the stereochemistry of reactions catalysed by a
respective compound. Hence, the chiral moiety has a mirror image,
which would provide the chiral chromatography stationary phase with
identical 20physical properties in non-chiral environments. As
illustrated in e.g. Fig. 5 or Fig. 8 the invention thereby provides a
variety of methods of stereoselective synthesis.    [0109] The use of
these chiral ligands for asymmetric catalysis is for example
illustrated in the asymmetric reduction of ketones as shown in the
examples below (see also Figures 11 and 12). Such a use includes the
formation of enantiomerically enriched,  25 including at least
essentially enantiomerically pure, secondary alcohols. The term "at
least essentially enantiomerically pure" refers to an enantiomeric
excess (e.e.) of at least 95 %, such as an excess (e.e.) of at least
96 %, at least 97 %, at least 98 % or at least 99 %, including an
e.e. of more than 99.5 %. As an illustrative example, a sample with
98.5 % of R isomer and 1.5 % of S isomer has an enantiomeric excess
of 97 %. Accordingly, such a  30 mixture can also be taken as a
mixture of 97 % pure R isomer with 3 % of a racemic mixture. In the
exemplay scheme on top of Fig. 11, R23 and R33 are independently from
one another an aliphatic, an alicyclic, an aromatic, an
arylaliphatic, or an arylalicyclic group that includes 0 to about 3
heteroatoms independently selected from the group consisting of N, 0,
S, Se and Si. Any reducing agent such as a borane, a silane, or a



compound of Formula (VII) may be employed as aligand.     [0110] The
asymmetric Michael reaction is recognized as a highly important
enantioselective carbon-carbon bond-forming reaction. Accordingly,
the suitability of the compounds of Formula (VI A) of the invention
has been examined. The data summarized  5 in Fig. 13 and Fig. 14
illustrate the suitability of the catalysts to be used in a variety
of solvents. In some embodiments a basic cocatalyst is used together
with the compound of Formula In some embodiments the basic cocatalyst
is an organic compound such as an amine, for example an amine such as
ethylamine, triethylamine, n-butylamine, di-nbutylamine, piperidine,
isopropylamine, dimethylamine, cyclohexylamine, dicyclohexyl- 10amine
pyridine, methylpyridine, dimethylpyridine or
4-(N,N-dimethylamino)pyridine.     [0111] The Michael reaction can in
typical embodiments be represented by the following two equations:
In the compounds depicted in these equations moieties both Z2, Z3 and
and Z3 (in the second equation) are an electron withdrawing group
such as one one of NO2, CN, 15 C(R40)0, C00R40, CONR4R41 and S02R4
wherein R4 and R41 are independent from one another one of hydrogen,
an aliphatic group, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about
3 heteroatoms independently selected from the group consisting of N,
0, S, Se and Si. R38 and R39 areindependently from one another
hydrogen, fluorine or one of an aliphatic, an alicyclic, an 20
aromatic, an arylaliphatic, or an arylalicyclic group that includes 0
to about 3 heteroatoms independently selected from the group
consisting of N, 0, S, Se and Si. R37 is a further electron
withdrawing group as exemplified above or it is hydrogen or ficiurine
or one of an aliphatic group, an alicyclic group, an aromatic group,
an arylaliphatic group and an arylalicyclic group, comprising 0 to
about 3 heteroatoms independently selected from the 25 group
consisting of N, 0, S, Se and Si. Accordingly, the Michael donor in
the Michael addition is for instance in some embodiments a carbonyl
group such as an aldehyde, a ketone or carboxyl group. The Michael
acceptor in the Michael addition is in some embodiments a nitro
group, a carbonyl group, a carboxyl group or a sulphonyl group. An
example of vinyl sulphones as the Michael acceptor is depicted in
Fig. 13D. In the 30 conjugate addition of isovaleraldehyde to
1,1-bis(phenylsulfonyl)ethylene, the desired product could be
obtained in 89% yield and 79% ee without optimization (Fig. 13D). In
contrast thereto, proline gave low yield and low ee for this
reaction.  39     [0112] It is noted that where both Z2 and Z3 are
the cyano group poor yields with products in undeterminable amounts
have been found. The respective reaction conditions may need to be
further analysed. It may nevertheless be advisable to carry out the
Michael reaction depicted in the second equation with the proviso
that not both Z2 and Z3 5are CN.     [0113] Without the intend of
being bound by theory it is speculated that upon addition of a base
such as 4-(N,N-dimethylamino)pyridine (DMAP), an acid-base
interaction between the carboxylic acid and the amino groups should
lead to the formation of an ammonium salt, which renders the base as
the stereocontrolling module. 10[0114] The Michael reaction may for
example be carried out in a protic dipolar solvent, for instance an
alcoholic solvent such as ethanol, propanol, isopropanol, butanol,
methanol, tert-butanol, isobutanol, tert-amyl alcohol, cyclohexanol
or phenol. In particular where a basic cocatalyst is used, the



EXEMPLARY EMBODIMENTS OF THE INVENTION    [0117] Figure 1
structurally compares two compounds of the invention to some natural
products with hexahydropyrrolo[2,3-b]indole skeleton. The
hexahydropyrrolo[2,3- b]indole appears to be a key structural
component of many indole alkaloids exhibiting a  5 diverse range of
biological activities (Taniguchi, M, & Hino, T, Tetrahedron (1981)
37, 1487; Bourne et al., 1991, supra; Crich & Banerjee, 2007, supra).
This tricylic rigid ring system has a stable bowl-shaped
conformation.    [0118] Figure 2 depicts a method of preparing a
compound of Formula VII, starting from a commercially available
Na-protected L-tryptophan compound (cf. also below). A 10related
method, starting from comparable or the same L-tryptophan compound,
results in the formation a compound of Formula VIA, as shown in Fig.
3.    [0119] Based on the tricyclic rigid scaffold of
hexahydropyrrolo[2,3-b]indole skeleton and promising generality, a
series of a new class of chiral ligands of general Formula (VII) was
designed as illustraetd in Fig. 7. This diversified ligand scaffold
offers remarkably  15 high tunability in both steric and electronic
properties by judicious selection of the substituted R group at the
amine N atom and R1 and R2 groups at the tertiary alcohol.
Furthermore, two more stereogenic centers were incorporated as
structural analogues in addition to the proline features, opening up
new perspectives in ligands design. [0120] The chiral ligands of
Formula (VII) can be used for asymmetric catalysis, as  20
illustrated in the asymmetric reduction of ketones in Fig. 5. Fig. 11
and Fig. 12 depict examples of applications in this regard. An
initial study was conducted using chiral ligand 7a with B(OMe)3 to
generate a borane complex in situ for the asymmetric reduction of 2-
acetonaphthone at room temperature. Unfortunately, the desired
product was obtained in only 37% e.e. Direct reflux with borane
resulted in higher enantioselectivity (89% e.e.).  25 Screening the
different substituting groups showed ethyl carbamate protected ligand
7a to be a particularly suitable ligand for this reaction. Under the
optimized reaction conditions, ligand 7a was applied to the
asymmetric borane reduction of a variety of aromatic ketones (Fig.
11). [0121] As summarized in Fig. 11, high yields and
enantioselectivities are obtained for  30 prochiral ketones
containing electron-withdrawing or electron-donating groups.
Especially noteworthy is that (R)-3,5-Bistrifluoromethyl phenyl
ethanol (BTMP), which is an interesting chiral building block for a
number of pharmaceutically interesting targets such as an NK-1
receptor antagonist (Naud, F, et al., Org. Process Res. Dev. (2007)
11, 519- 523; Pollard, D., et al., Tetrahedron: Asymmetry (2006) 17,
554-559), can be obtained in  41 99% yield and 93% e.e. (Fig. 11,
entry 10). For aliphatic ketone, moderate enantioselectivity was
obtained (Fig. 11, entry 12). Notably, chiral ligand 7a can be
recovered with 90% yield and reused for 3 times without loss of
activity and enantioselectivity for the asymmetric reduction of
2-acetonaphthone (see in Specific 5  Examples below). For the
examples depicted in Fig. 11 reactions were performed with 0.5 mmol
ketone, 0.6 mmol borane and 10% liganci- in 2 mL THF at reflux
temperature. a Isolated yield by column chromatography. 6 ee
determined by HPLC analysis using Daicel Chiralcel AS-H column. For
the examples depicted in Fig. 12 reactions were performed with 0.5
mmol acetonaphthone 0.6 mmol borane, 10% ligand in 2 mL of solvent at



5the catalyst is stable in water over extended periods of time.
[0125] Figure 13 and Figure 14 illustrate the catalytic asymmetric
Michael addition of propanal to nitroalkenes. With chiral catalyst
(10) in hand, the inventors proceeded to investigate itsapplication
for asymmetric catalysis. To demonstrate the efficiency of (10), the
enantiosetective Michael addition of aldehydes (for recent reviews
see (a) Masse, S.  10 & Alexakis, A, Chem. Commun. (2007) 3123. (b)
Vicario, JL, et al., Synthesis (2007) 2065. (c) Tsogoeva, SB, Eur. J.
Org. Chem. (2007) 1701. For some representatives, see: (e) Mass, N,
et al., J. Am. Chem. Soc. (20069 128, 4966. (f) Hayashi, Y, et al.,
Angew. Chem. Int. Ed. (2005) 44, 4212. (g) Wang, W, et al., Angew.
Chem. mt. Ed. (2005) 44, 1369. (h) Palomo, CE, et al., Angew. Chem.
Int. Ed. (2006) 45, 5984. (i) Palomo, C, et al., Angew. 15Chem. Int.
Ed. (2006) 45, 5984) to nitroalkenes was selected as the testing
ground since nitroalkanes are versatile synthetic intermediates.
[0126] The desired product could be obtained in 86% yield and 96%
e.e. in the presence of 10 mol % catalyst (10) using 2 equiv propanal
at room temperature in Me0H (entry 1 of Fig. 13). In contrast,
catalysts 11, 12 and 13 gave much less desirable results  20 in Me0H
(Fig. 13, entries 2-4). Without being bound by theory, these results
demonstrate that it is proline's skeleton and not the hydrogen
bonding interaction which account for its failure in this reaction.
It was further shown that when a base such as DMAP is added, an
acid-base interaction between the carboxylic acid and the amine
groups leads to an ammonium salt which renders the base as the
stereocontrolling module, hence alleviating  25 the need for tedious
chemical structural modification. This is inline with the concept of
the self-assembly of organocatalysts proposed recently [Clarke, ML, &
Fuentes, JA, Angew. Chem. mt. Ed. (2007) 46, 930; Mandal T, & Zhao,
CG, Angew. Chem. mt. Ed. (2008) 47, 7714-7717; Schmuck, C, & Wienand,
W, J. Am. Chem. Soc. (2003) 125, 452; Gac, SL, et al., Tetrahedron
(2007) 63, 10721]. More than 99% e.e. was achieved when DMAP was  30
added and the catalyst loading could be decreased to as low as 2 mol
% (entries .4 & 5 of Fig. 13). 1H NMR revealed that the salt was
formed rapidly and quantitatively with significant chemical shift of
all the protons (see Fig. 10). Both (10) and (10)/DMAP are soluble in
water and are stable as shown by 1H NMR. More importantly, the
(10)/DMAP catalyst could also catalyze the reaction in water (entry 7
of Fig. 13). Very low yield was 35obtained when using brine as
solvent (entry 8 of Fig. 13). However, no reaction was  43 observed
using either (11)/DMAP, (12)/DMAP or (13)/DMAP, or (10) itself in
pure water (entries 9-12 of Fig. 13). Next, various substrates were
examined and the reaction exhibited broad applicability with respect
to both the Michael acceptor and the donor. Theadducts were obtained
in almost optically pare form (99% ee) and with good syn  5
diastereoselectivity. The stereochemistry was confirmed by X-ray
crystal structure of one of the products (see below and Fig. 16).
Both aromatic and aliphatic aldehyes, aryl- and alkyl-substituted
nitroalkenes gave the desired products in good yields and excellent
enantioselectivities (entries 1-11 of Fig. 14). For more bulky
isobutyraldehyde, which was found to be a poor nucleophile in only
68% ee using 20 mol % diarylprolinol ether catalyst  10 [Hayashi, Y,
et al., Angew. Chem. Int. Ed. (2005) 44, 4212], were obtained with
92-95% ee with various nitrostyrenes with the respective exemplary
catalyst (entries 12-14 of Fig. 14). In view of the high efficiency



H)LNO2   (2) the reaction was much slower in aprotic solvent such as
DMSO and DMF which implies that H20 may be involved in the reaction
through hydrogen-bonding interaction. Although the role of DMAP is
not clear at this moment, the DMAP salt was found to improve the
solubility of the catalyst and could also function as phase transfer
catalyst 10 when the reaction was carried out in water. Without being
bound by theory, this structurally rigid tricyclic skeleton provides
a well-organized environment for asymmetric induction as well as a
hydrophobic pocket to enable this reaction to proceed smoothly in
water. As for catalysts 11, 12 and 13 (cf. Fig 13A), they could not
satisfy the above criteria. EXAMPLES 15General Methods    [0128]
Experiments involving moisture and/or air sensitive components were
performed in oven-dried glassware under a positive pressure of
nitrogen using freshly distilled solvents. Commercial grade solvents
and reagents were used without further purification with the
following exceptions: Dichloromethane was distilled from calcium
20hydride. THF was distilled from sodium and benzophenone. Hexane,
ethyl acetate were fractionally distilled. [0129] Borane-methyl
sulfide complex was purchased from Aldrich. Aromatic ketone were
purchased from Aldrich or prepared from Grignard reagents addition to
corresponding aromatic aldehyde, then followed by standard IBX
oxidation reaction. All 25the ketone and ligands were dried two times
with anhydrous THF prior to use. [0130] Analytical thin layer
chromatography (TLC) was performed using Merck 60  45 F254 precoated
silica gel plate (0.2 mm thickness) Subsequent to elution, plates
were visualized using UV radiation (254 nm) on Spettroline Model
ENF-24061/F 254 nm. Further visualization was possible by staining
with basic solution of potassium permanganate or acidic solution of
ceric molybdate. 5[0131] Flash chromatography was performed using
Merck silica gel 60 with freshly distilled solvents. Columns were
typically packed as slurry and equilibrated with the appropriate
solvent system prior to use.     [0132] Infrared spectra were
recorded on a Bio-Rad FTS 165 FTIR spectrometer. The oil samples were
examined under neat conditons. 10[0133] High Resolution Mass (HRMS)
spectra were obtained using Finnigan MAT95XP GC/HRMS (Thermo Electron
Corporation). [0134] Proton nuclear magnetic resonance spectraNMR)
were recorded on a Bruker Avance DPX 300 and Bruker AMX 400
spectrophotometer (CDCI3 as solvent). Chemical shifts for 1H NMR
spectra are reported as 5 in units of parts per million (ppm)  15
downfield from SiMe4 (8 0 .0) and relative to the signal of
chloroform-d (5 7.2600, singlet). Multiplicities were given as: s
(singlet); d (doublet); t (triplet); q (quartet); dd (doublets of
doublet); ddd (doublets of doublets of doublet); dddd (doublets of
doublets of doublets of doublet); dt (doublets of triplet); or m
(multiplets):The number of protons (n) for a given resonance is
indicated by nH. Coupling constants are reported as a J value in Hz.
Carbon  20 nuclear magnetic resonance spectra ('3C NMR) are reported
as 5 in units of parts per million (ppm) downfield from SiMe4 (50.0)
and relative to the signal of chloroform-d (8 77.0, triplet). The
proportion of diastereomers and geometric isomers was determined from
the integration of 1H NMR and 13C NMR spectra. [0135]
Enantioselectivities were determined HPLC analysis employing a Daicel
25 Chiracel column at 25 C. Optical rotation was measured using a
JASCO P-1030 Polarimeter equipped with a sodium vapor lamp at 589 nm.
Concentration is denoted as c and was calculated as grams per



46 aldehyde (0.4 mmol) were added followed by Me0H or water (0.5 mL)
at room temperature. The reaction mixture was stirred for the time
indicated in Fig. 141 and then it was directly purified by
preparative TLC (Hexane/EA, 4/1) to afford the product as inseparable
isomers. Both enantiomeric excess and diastereomeric ratio (syn/anti)
were 5determined by HPLC using chiral AS-H, AD-H or OD-H columns
unless otherwise stated in comparison with the literature reported
values. General Procedure for the Enantioselective Ketone Reduction
[0137] To an oven-dried 10 mL round-bottom-flask equipped with a
magnetic stirring bar was added new chiral ligand 7a (0.07 mmol, 0.10
equiv). The ligand was 10 azeotropically dried with anhydrous THF
twice (2 mLx 2) prior to the addition of 1.5 mL of THF. Then BH3 Me2S
(0.087 mmol, 10 mol/L) was added under nitrogen at room temperature
and the mixture was stirred at 80C for 3 h. A solution of ketone (0.7
mmol) in dry THF (0.5 mL) was added dropwise by syringe pump over a
period of 1 h at reflux temperature. Then the reaction mixture was
cooled and quenched by dropwise addition of 15 methanol (5 mL). After
concentration by rotatory evaporation, the product was purified by
column chromatography on silica gel (hexane-ethyl acetate 5:1) to
afford the corresponding secondary alcohol. The enantiomeric excess
was determined by chiral HPLC analysis employing a Daicel Chiracel
column.        [0138] A general scheme of the preparation and
characterization of a tryptophan 20derivative is shown in Fig. 2.
Fig. 15 depicts further examples, showing the synthesis of chiral
ligands 7a-h. Synthesis of (S)-N-benzyloxycarbonyl-L-tryptophan
methyl ester (2a)  47 methanol (0.28 g, 11.8 mmol). At 0C, DCC in
CH2Cl2 solution was slowly added to the mixture and then it was
allowed to warm to room temperature and stirred overnight. After
twice filtration and evaporation, the residue was purified by flash
column chromatography (n-hexane/EA, 4:1 to 2:1) and afforded the
desired product (S)-2a as a colourless oil (2.5 5g, 98%). Rf = 0.19
(EA:Hexane = 1:2) 1H NMR (300 MHz, CDCI3): 58.94 (br, 1H), 7.49 (d, J
= 7.7 Hz, 1H), 7.25-6.98 (m, 9H), 6.81 (s, 1H), 5.84 (d, J = 8.7 Hz,
1H), 4.98 (d, J = 3.2 Hz, 2H), 4.68 (q, J = 7.3 Hz,1H), 3.25 (s, 3H),
3.21 (m, 2H); 1013C NMR (75 MHz, CDCI3): 8172.2, 155.9, 141.8, 136.8,
134.9, 128.6, 127.8, 126.9, 123.4, 122.3, 120.0, 118.4, 112.1, 109.4,
67.0, 65:1, 55.1; FT1R (KBr, neat): v 1707, 1508, 1456, 1436, 1215,
742 cm1; HRMS (El) calcd. for C20H2304N2 352.1418, found [M]352.1425;
15(2S)-1-benzy1-2-methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-b]indole-1,2
(2H)-dicarboxylate ( 3a )  [0140] N-benzyloxycarbonyl-L-tryptophan
methyl ester (S)-2 (1.34 g, 3.8 mmol) was 20 dissolved in 5 ml TFA
and stirred for two days, then the solution was added dropwise to a
vigorously stirred two phase system consisting of saturated 100 ml
Na2CO3 and 100 ml CH2Cl2 at 0C. The two phase was separated and the
aqueous solution was extracted with CH2Cl2 (30 ml x 3). The combined
organic phases were washed with brine and dried with anhydrous MgSat
and purified with flash column chromatography (EA/Hexane, 1:7- 251:4)
to give the product as colorless oil (0.8 g, 60%) which rapidly
darkened on standing in air. Major isomer: Rf = 0.32 (EA:Hexane =
1:4); 11-1 NMR (400 MHz, CDCI3): 8 7 .42-7 .24 (m, 5H), 7.05-6.99 (m,
2H), 6.68 (q, J = 8.9 Hz, 



48 1H), 6.60 (d, J = 7.6 Hz, 1H), 5.59 (t, J = 6.6 Hz, H), 5.30-5.09
(m, 2H), 3.92 (q, = 6.5 Hz, 1H), 3.19 (s, 1H, CHO, 3.10 (s, 2H, CHO,
2.65-2.54(m, 2H); 13C NMR (100 MHz, CDCI3): 5 172.0, 154.6, 150.1,
136.2, 129.0, 128.6, 128.4, 127.6,       127.5, 127.4, 127.0, 124.0,
118.7, 109.1, 77.4, 67.0, 59.1, 51.9, 45.0, 34.0; 5FTIR (KBr, neat):
v 1732, 1712, 1602 cm-1: HRMS (El) calcd. for C20112004N2 352.1418,
found [M]t 352.1413;
(28,3aR,8aS)-1-benzy1-8-ethyl-2-methyl-3,3a-dihydropyrrolo[2,3-b]indo
le-1,2,8(2H,8aH)- tricarboxylate ( 4a) 10     [0141]
(2S)-1-benzy1-2-methy1-3,3a,8,8a-tetrahydroPyrrolo[2,3-blindole-1,2(2
H)- dicarboxylate 3a (0.8 g, 2.27 mmol) was dissolved in 5 ml THF,
then Na2CO3 (0.36g. 3.40 mmol) and 5 ml H20 was added. At 0 C, ethyl
chloroformate (0.22 ml, 2.26mmol) was 15 slowly added to the solution
and stirred overnight. 10m1 water was added and the aqueous solution
was extracted with EA (5 ml x 3). The combined organic phases were
washed with brine and dried with anhydrous MgSat and purified with
flash column chromatography (EA/Hexane,1:4-1:2) to afford the desired
product as colorless oil (0.77g. 80%). 20Rf = 0.43 (EA:Hexane = 1:2);
1H NMR (300 MHz, CDCI3): 87.66 (d, J = 7.5 Hz, 1H), 7.38-7.10 (m,
7H), 6.99 (t, J = 7.4 Hz, 1H), 6.49 (d, J = 6.5 Hz, 1H), 5.19 (s,
2H), 4.67 (d, J = 8.5 Hz, 1H), 4.33-4.17 (br, 1H), 4.00 (t, J= 7.1
Hz,1H), 3.13 (s, 3H), 2.65-2.43(m, 2H),1.35-1.23 (br, 3H); 13C NMR
(75 MHz, CDCI3): 5171.1, 153.6, 152.9, 142.2, 135.9, 130.8, 128.2,
128.0, 25127.9, 127.7, 127.5, 127.5, 123.5, 122.9, 116.2, 77.1, 66.7,
61.3, 58.9, 51.4, 44.5, 33.2, 13.9; FTIR (KBr, neat): v 1728, 1712,
1697, 1604, 1483 cm-1; HRMS (El) calcd. for C23H2406N2 424.1629,
found [M1 424.1619;  49
(2S,3aR,8aS)-8-ethyl-2-methyl-1,2,3,3a-tetrahydropyrrolo[2,3-b]indole
-2,8(8aH)- dicarboxylate (6a)  6 5[0142]
(2S,3aR,8aS)-1-benzy1-8-ethyl-2-methyl-3,3a-dihydropyrrolo[2,3-b]indo
le- 1,2,8(2H,8aH)-tricarboxylate 4a (0.77g, 1.82mmol) was dissolved
in 5mICH3OH and 10% Pd/C (0.19g, 0.18mmol) was added to the solution
and stirred overnight under H2 balloon at RT. When TLC showed the
full depletion of the starting material, the suspension was filtered
on celite and the solvent was evaporated , the residue was purified
with flash 10column chromatography (ENhexane,1:4-1:2) to give the
product as colorless oil (0.48g, 90 %). Major isomer: Rf = 0.62
(EA:Hexane = 1:2); 1H NMR (300 MHz, CDCI3): 57.86 (d, J = 7.5 Hz,
0.5H), 7.47-7.27 (m, 0.5H), 7.24 (d, J =  15 7.4 Hz, 2H), 7.05 (t, J
= 7.5 Hz, 1H), 5.80 (d, J = 6.8 Hz, 1H), 4.45 (q, J = 6.6 Hz, 2H),
3.99 (d, J = 7.6 Hz, 2H), 3.41 (s, 3H), 2.73-2.64 (m, 1H), 2.49 (d, J
= 11.2 Hz, 1H), 1.50 (t, J = 6.0 Hz, 3H); 



13C NMR (75 MHz, CDCI3): 5174.1, 152.5, 128.7027.8, 126.1, 124.5,
122.8, 114.3, 78.4, 60.9, 57.8, 50.7, 43.7, 34.8, 15.1; 20FTIR (KBr,
neat): v 1732, 1712, 1602, 1487 cm-1; HRMS (El) calcd. for C15H1804N2
290.1261, found [M]290.1249; (2S,3aR,8aS)-ethyl
2-(hydroxydiphenylmethyl)-1,2,3,3a-tetrahydropyrrolo[2,3-14-
indole-8(8aH)-carboxylate ( 7a)  50  7a    [0143] At 0 C, to a
solution of
(23,3aR,8a)-8-ethy1-2-methy1-1,2,3,3a-tetrahydropyrrolo[2,3-b]indole-
2,8(8aH)-dicarboxylate 6 (0.48g, 1.65 mmol) in 5 ml THF was added
dropwise 2M phenyl magnesium chloride (2.1 ml, 4.2 mmol) in THF
solution and stirred  5 for half an hour, then quenched by 5m1 water.
The two phase was separated and the aqueous solution was extracted
with EA (5 ml x 3). The combined organic phases were washed with
brine and dried with anhydrous MgSO4 and purified with flash column
chromatography (EA/hexane, 1:10)10 give the product as colorless
solid (205 mg, 30%). Rfr" 0.85 (EA:Hexane = 1:6); 101H-NMR (400 MHz,
CDCI3): 67.56 (d, J = 7.6 Hz, 2H), 7.44(d, J = 7.4 Hz, 2H), 7.32-7.14
(m, 7H), 7.03 (d, .1 = 7.2 Hz, 1H), 6.94 (t, J = 9.3 Hz, 1H), 5.65
(br, 1H), 4.47 (t, J = 6.6 Hz, 1H), 4.26 (br, 2H), 4.04 (br, 1H),
3.74 (q, J = 7.2 Hz, 1H), 2.04 (br, 1H), 1.84-1.76 (m, 1H),
1.43-1.32(m, 1H), 1.27-1.11 (m, 3H); 13C-NMR (100 MHz, CDC13): 6
154.0, 147.2, 144.6, 128.4, 128.0, 127.9, 126.9, 126.6, 15125.7,
125.3, 124.6, 124.2, 122.9, 114.9, 75.7, 63.8, 44.1, 32.8, 22.7,
14.1; FT1R (KBr, neat): v 1699, 1487, 1381, 1307 cm1 HRMS (El) calcd.
for C26H2603N2 414.1938, found [M]414.1915;          Synthesis of
(S)-benzyl 2-(benzyloxycarbonylarnino)-3-(1H-indo1-3-yl)propanoate
(2) CO2H DCC, BnOHCO2Bn NHCbz CH2C12, 0 C-RT, 2 hNHCbz 98'J/0yield 2
[0144] To a stirred suspension of (S)-(1) (2145 g, 7.2 mmol) in 10 ml
anhydrous CH2Cl2, was added DMAP (88 mg, 0.72 mmol) and benzyl
alcohol (1.28 g, 11.8 mmol). DCC (1.48 g, 7.2 mmol) in 5 mL CH2Cl2
was slowly added to the mixture at 0C and the mixture was stirred
overnight with slow warm to RT. The white precipitate was filtered,
51 then remove the solvent to afford the product as colourless oil (3
g, 98%). MD" = 50 (c = 1.0, CHCI3, 365nm). Rf = 0.29 (EA:Hexane =
1:2); 1H NMR (400 MHz, CDCI3): 68.26 (br, 1H), 7.56 (d, J = 8.0 Hz,
1H), 7.41-7.33 (m, 9H), 57.26-7.20 (m, 3H), 7.12(t, J= 8.0 Hz,1H),
6.76(d, J = 2.0 Hz,1H), 5.47(d, J = 8.0 Hz, 1H), 5.18-5.10 (m, 4H),
4.82 (q, J = 8.0 Hz, 1H), 3.34 (d, J = 5.1 Hz, 2H); 13C NMR (100 MHz,
CDCI3): S 171.8, 155.8, 136.1, 136.0, 135.1, 128.5, 128.4, 128.3,
128.0, 127.5, 127.4, 126.9, 122.9, 122.0, 119.5, 118.5, 111.2, 109.4,
67.1, 66.8, 54.6, 27.8; 10FTIR (neat): v 3395, 3343, 1742, 1458,
1377, 721 cm-1; 



HRMS (ESI) calcd. for C20E12004N2 429.1814 [M+1-1]t found 429.1821
[M+Hr. Synthesis of (2S,3aR,8aR)-dibenzyl
3,3a,8,8a-tetrahydropyrrolo[2,3-blindo1-1,2 (2H)- dicarboxylate (3)
[0145] N-benzyloxycarbonyl-L-trptophan benzyl ester (2) (1.18 g, 2.75
mmol) was dissolved in 5m1TFA and stirred for two days, then the
solution was added dropwise to a vigorously stirred two-phase system
consisting of 100 mL saturated Na2CO3 and 100 mL CH2Cl2, The two
phase was separated and the aqueous solution was extracted with 20
CH2Cl2 (30 mL x 3). The combined organic phases were washed with
brine and dried with anhydrous MgSO4 and purified with column
chromatography (ethyl acetate /hexane=1:7- 1:4 ) to give the poduct
as colorless oil (1.04g. 88% ) which rapidly darkened on standing in
air. Major isomer 25Rf = 0.34 (EA:Hexane = 1:2); 1H NMR (400 MHz,
CDCI3): cf 7.40-7.19 (in, 8H), 7.13-1.12 (m, 1H), 7.07-7.04 (m, 1H),
7.02-6.97 (m, 2H),6.67 (t, J = 8.0 Hz, 1H), 6.49 (d, J = 8.0 Hz, 1H),
5.60 (d, J = 8.0 Hz, 1H), 5.24 (s, 1H), 5.04 (d, J = 43,12 Hz, 1H),
4.73 (d, J = 12 Hz, 1H), 4.56 (dd, J = 7.6, 2.3 Hz, 1H), 4.32 (d, J =
12.3 Hz, 1H), 3.90 (q, J = 6.5 Hz, 1H), 2.66-2.53 (m, 2H); 3013C NMR
(100 MHz, CDCI3): d 171.3, 154.7, 149.9, 135.5, 128.6, 128.4, 128.3,
128.0,128.0, 128.0, 127.9, 127.9, 127.8, 124.0, 118.7, 109.1, 77.4,
67.1, 66.7, 59.1, 45.0, 34.4;  52 [432 = 52.9 (c = 1.8, CHCI3,
365nm); FTIR (neat): v 3032, 2953, 1751, 1701, 1610, 141e, 731cm-1;
HRMS (ESI) calcd. for C201-12004N2 429.1814 [M+H], found 429.1818
[M+Hr. 5Synthesis of (25,3aR,8aS)-1,2-dibenzyl 8-ethyl
3,3a-dihydropyrrolo[2,3-b]indole- 1,2,8(2H,8aH)-tricarboxylate (4)
C2H5OCOCI, N a2C 03 CO2Bn 0 C-RT, overnightNN 86% yieldC2HSO2C H 6bz
4      [0146] (S)-(3) (0.11 g, 0.26 mmol) was dissolved in 6 mL THF,
then Na2CO3( 1.06 g, 10 mmol ) in 6 ml H20 was added. Ethyl
chloroforrnate (0.25 mL, 2.6 mmol) was slowly 10 added to the
solution at Ot. After stirring overnight, 10 ml water was added and
the obtained two phases were separated. The aqueous solution was
extracted with EA (5 mL x 3). The combined organic phases were washed
with brine and dried with anhydrous MgSO4 and purified with column
chromatography (ethyl acetate /hexane=1;5-1:2 ) to give the product
as colorless oil ( 0.11 g, 86 %).  15R = 0.24 (EA:Hexane = 1:2); 1H
NMR (300 MHz, CDCI3): 6753 (br, 1H), 7.27-7.23 (m, 8H), 7.14 (t, J =
8.3 Hz, 1H), 7.09-7.04 (m, 4H), 6.94 (t, J = 7.5 Hz, 1H), 6.47 (d, J
= 6.2 Hz, 1H), 5.14 (q, J = 15 Hz, 2H), 4.72-4.68 (m, 2H), 4.36 (d, J
= 12.6 Hz, 1H),3.96 (t, J = 6.8 Hz,1H), 2.64-2.49 (m, 2H), 1.26-1.20
(m, 3H); 2013C NMR (75 MHz, CDCI3): 6" 170.9, 154.1, 153.5, 142.7,
136.4, 135.3, 131.2, 128.8, 



128.6, 128.5, 128.4, 128.1, 127.9, 127.6, 124.0, 123.5, 116.9, 67.4,
66.8, 61.9, 59.6, 45.0, 33.9, 14.5; [a],32 = -10.8 (c = 1.04, CHCI3,
365nm); FTIR (neat): v 3018, 2957, 1717, 1605, 1483, 740cm-1; 25HRMS
(ESI) calcd. for G231-I2306N2 501.2026 [M+H], found 501.2018 [M+H].
Synthesis of (25,3aR,8a5-dibenzyl 8-ethoxycarbonyl
1,2,3,3a,8,8a-hexahydropyrrolo[2,3-b]indole-2 -carboxylic acid (10)
53    410    [0147] 4 (5 g, 10 mmol) was dissolved in 20 mL methanol,
and Pd/C (106 mg, 1 mmol) was added to the solution. After stirring
overnight with the H2 balloon, the obtained mixture was filtered with
celite and the solvent evaporated to give the product as colorless
5oil.Then CH2Cl2 was added, the white solid precipitated and a
further filtration gave the product as white solid (2.76g. 100%). Rf
= 0.59 (CH2C12:CH3OH = 1:4); 1H NMR (400 MHz, CD30D): 67.77, 7.52
(br, 1H), 7.26-7.20 (m, 2H), 7.04 (t, J = 7.6 Hz), 10 15HRMS (ESI)
calcd. for C14111704N2 277.1188 [M+Hr, found wir 277.1188 [M+Hr.
(2S,3R)-2-Methyl-4-nitro-3-phenylbutanal  [0148] The title compound
was prepared from propionaldehyde and (E)-(2- 20 nitrovinyl)benzene
according to the general procedure. Both enantiomeric excess and
diastereomeric ratio were determined by HPLC -with an OD-H column at
210 nm (2- propanol:hexane = 10:90), 1.0 mi.../min; major enantiomer
t- -major = 22.06 min, minor enantiomer -minor "I. 30.05 min. [a]02 =
-28.8 (c = 2.2, CHCI3). Rf = 0.18 (EA:Hexane = 1:4); 251H NMR (300
MHz, CDCI3): 89.72 (d, J = 1.5 Hz, 0.85H) (syn isomer), 9.72 (d, J =
1.5 Hz,  54 0.15H) (anti isomer), 7.37-7.29 (m, 3H), 7.22-7.16 (m,
2H), 4.83-4.65 (m, 2H), 3.87-3.77 (m, 1H), 2.87-2.72 (m, 1H), 1.21
(d, J = 7.3 Hz, 0.5H) (anti isomer), 1.01 (d, J = 7.3 Hz, 2.5H) (syn
isomer);       "C NMR (75 MHz, CDC13): 6- 202.3, 136.6, 129.1, 128.1,
78.1, 48.4, 44.0, 12.1; 5IR (thin film) vicre: 3030, 2970, 2931,
1724, 1603, 1552, 1454, 1379, 758,702; 



HRMS (ESI-TOF): Calcd. for C111-314NO3: 208.0974 [M+1-1]t Found:
208.0971 [M+Hr. (2S,3R)-3-(4-Bromopheny1)-2-methy1-4-nitrobutanal
10[0149] The title compound was prepared from propionaldehyde and
(E)-1-bromo-4-(2- nitrovinyl)benzene according to the general
procedure. Both enantiomeric excess and diastereomeric ratio were
determined by HPLC with an AD-H column at 230 nm (2- -major
propanol:hexane = 5:95), 1.0 mU= min; major enantiomer t18.59 min,
to*. = 13.77 min. [c]020 = -24.6 (c = 2.1, CHCI3). 15Rf = 0.18
(EA:Hexane = 1:4); 1H NMR (300 MHz, CDCI3) 5 9.69 (d, J = 1.5 Hz,
0.8H) (syn isomer), 9.52 (d, J = 1.5 Hz, 0.211) (anti isomer),
7.50-7.46 (m, 2H), 7.12-7.05 (m, 2H), 4.82-4.56 (m, 2H), 3.84-3.74(m,
1H), 2.83-2.70 (m, 1H), 1.21 (d, J= 7.3 Hz, 0.6H) (anti isomer), 1.00
(d, J= 7.3 Hz, 2.4H) (syn isomer); 20"C NMR (75 MHz, CDC13) 5 201.8,
135.7, 132.3, 129.8, 122.1, 77.8, 48.2, 43.5, 12.2; IR (thin film)
vicm-1: 2976, 2935, 2879, 1726, 1553, 1489, 1377, 1010, 779,717; HRMS
(ESI-TOF) Calcd. for C11F1131\1038r: 286.0079 [WM% Found: 286.0081
[M+Hr. (25,3R)-3-(4-Methoxypheny1)-2-methyl-4-nitrobutanal  55
[0150] The title compound was prepared from propionaldehyde and
(E)-1-methoxy-4- (2-nitrovinyl)benzene according to the general
procedure. Both enantiomeric excess and diastereomeric ratio were
determined by HPLC with an AS-H column at 230 nm (2- 5propanol:hexane
= 5:95), 1.0 mUmin; major enantiomer t,,ajo = 42.10 min, minor
enantiomer tm -minor = 60.77 min. [a]02 = -4.6 (c = 1.3, CHCI3). IR(
= 0.13 (EA:Hexane = 1:4); 1H NMR (300 MHz, CDCI3) 69.70 (d, J = 1.4
Hz, 0.6H) (syn isomer), 9.53 (d, J = 1.4 Hz, 0.4H) (anti isomer),
(7.27-7.07 (m, 2H), 6.87-6.67 (m, 2H), 4.78-4.60 (m, 2H), 3.78 (s,
3H), 103.78-3.73(m, 1H), 2.81-2.69(m, 1H), 1.21 (d, J= 7.2 Hz, 1.11H)
(anti isomer), 0.99(d, J = 7.2 Hz, 1.89H) (syn isomer); "C NMR (75
MHz, CDCI3) 8 202.5, 129.2, 129.1, 128.3, 114.4, 78.3, 55.2, 48.6,
43.3, 12.0;         IR (thin film) vice: 2978, 2937, 2839, 1726,
1612, 1557, 1514, 1379, 1253, 1182, 1033, 15833,725; HRMS (ESI-TOF)
Calcd. for Cl2H16N04: 238.1079.1M+Hr, Found: 238.1081 [M+H)+.
(2S,3S)-3-(Furan-2-y1)-2-methy1-4-nitrobutanal  



20[0151] The title compound was prepared from propionaldehyde and
(E)-2-(2-nitro- vinyl)furan according to the general procedure. Both
enantiomeric excess and diastereomeric ratio were determined by
HPLC.with an AD-H column at 220 nm (2- propanol:hexane = 0.8:99.2),
1.0 mUmin; major enantiomer tmaim = 30.44 min, minor inor enantiomer
tm26.29 min. tajD20= -20 (c = 2.0, CHCI3).  56 Rf = 0.17 (EA:Hexane =
1:4); 1E1 NMR (400 MHz, CDCI3) 8 9.70 (s, 0.87H) (syn isomer), 9.62
(s, 0.13H) (anti isomer), 7.35 (s, 1H), 6.30-6.29 (m, 1H), 6.17 (d, J
= 3.22 Hz, 1H), 4.77-4.67 (m, 2H), 4.13-4.05 (m, 1I-1), 2.87-2.76 (m,
1H), 1.22 (d, J = 7.31 Hz, 0.48H) (anti isomer), 1.06 (d, J = 7.31
Hz, 52.52H) (syn isomer); 13C NMR (100 MHz, C0CI3) 8 201.6, 149.9,
142.7, 110.4, 108.7, 75.8, 47.1, 37.6, 11.0; IR (thin film) v/cm-1:
3152, 3123, 2974, 2938, 2880, 1724, 1557, 1458, 1377, 1150, 1013,
814, 741,702; HRMS (ESI-TOF) Calcd. for C3H12N04: 198.0766 [M+Hr,
Found: 198.0761 [M+Hr. 10 (2S,3R)-2-Ethyl-4-nitro-3-phenylbutanal
[0152] The title compound was prepared from butyraldehyde and
(E)-(2-nitrovinyI)- benzene according to the general procedure.The
enantiomeric ratio was determined by 15HPLC with an OD-H column at
220 nm (2-propanol:hexane = 5:95), 1.0 mUmin; major enantiomer t
-major = 40.61 min, minor enantiomer 'minor = 51.74 min. The
diastereomeric excess was determined by 1H NMR. [a],32 = -99.5 (c =
1.1, CHCI3). Rf = 0.27 (EA:Hexane = 1:4); 1H NMR (300 MHz, CDCI3)
69.71 (d, J = 2.5 Hz, 0.91H) (syn isomer), 9.47 (d, J = 2.5 Hz, 20
0.09H) (anti isomer), 7.36-7.27 (m, 3H), 7.20-7.17 (m, 2H), 4.80-4.59
(m, 2H), 3.84-3.75 (m, 1H), 2.72-2.64 (m, 1H), 1.55-1.43 (m, 2H),
1.21 (t, J = 7.5 Hz, 0.33H) (syn isomer), 0.82 (t, J = 7.5 Hz, 2.67H)
(anti isomer); 13C NMR (75 MHz, CDCI3) 5 203.2, 136.8, 129.1, 128.0,
78.5, 42.6, 20.3, 10.6; IR (thin film) vice: 2967, 2936, 2878, 1720,
1553, 1456, 1379, 1244, 758, 702; 25HRMS (ESI-TOF) Calcd. for
C12H16NO3: 222.1130 [M+Hr, Found: 222.1129 [M+H].
(25,3R)-2-methy1-3-(naphthalen-1-y1)-4.nitrobutanal  57     [0153]
The title compound was prepared from butyraldehyde and (E)-1-(2-
nitrovinyOnaphthalene according to the general procedure. Both
enantiomeric excess and diastereomeric ratio were determined by
HPLC.with an AD-H mcoo column at 220 nm (2- 5propanol:hexane =
0.8:99.2), 1.0 mUmin; major enantiomer t43.3 min, minor enantiomer
tmlnor = 37.6 min. [a]02 = -21.1 (c = 2.4, CHCI3). 



Rf = 0.33 (EA:Hexane = 1:4); 1H NMR (100 MHz, CDCI3) 5 9.75 (d, J =
1.6 Hz, 0.85H) (syn isomer), 9.62 (d, J = 1.6 Hz, 0.15H) (anti
isomer), 8.14-8.10 (m, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.80 (d, J =
8.2 Hz, 1H), 107.61-7.41 (m, 3H), 7.35(d, J = 7.1 Hz, 1H), 4.94-4.76
(m, 3H), 3.01-2.96 (m, 1H), 1.21 (d, J = 7.3 Hz, 0.45H) (anti
isomer), 0.97 (d, J = 7.3 Hz, 2.55H) (syn isomer); 13C NMR (100 MHz,
CDCI3) 8 202.5, 134.1, 133.3, 131.9, 129.2, 128.6, 126.9, 126.0,
125.3, 123.9, 122.4, 77.9, 49.2, 37.4, 12.5; IR (thin film) v/cm-1:
3049, 2978, 2936, 1730, 1715, 1552, 1377, 1246, 799, 779; 15HRMS
(ESI-TOF) Calcd. for C15K6NO3: 258.1130.1M+Hr, Found: 258.1138 [M+H].
(2S,3R)-2-isopropyl-4-nitro-3-phenylbutanal  [0154] The title
compound was prepared from isovaleraldehyde and (E)-(2- 20
nitrovinyl)benzene according to the general proCedure. The
enantiomeric excess was determined by HPLC with an AD-H column at 210
nm (2-propanol:hexane = 1:99), 1.0 mUmin; major enantiomer t -major=
21.8 min, minor enantiomer t
_minor = 17.9 min, the diastereomeric ratio was determined by 1H NMR.
[a]D"= -6.5 (c = 2.3, CHCI3).  58 Rf = 0.38 (EA:Hexane = 1:4); 1H NMR
(300 MHz, CDCI3) 6 = 9.90 (d, J = 2.4 Hz, 0.95H) (syn isomer), 9.48
(d, J = 2.4 Hz, 0.05H) (anti isomer), 7.36-7.28 (m, 3H), 7.27-7.18
(m, 2H), 4.70-4.53 (m, 2H), 3.94- 3.86 (m, 1H), 2.80-2.74 (m, 1H),
1.73-1.66 (m, 1H), 1.08 (d, J = 6.9 Hz, 2.1H) (syn 5isomer), 1.01 (d,
J = 6.9 Hz, 0.9H) (anti isomer), 0.92 (d, J = 6.9 Hz, 0.9H) (anti
isomer), 0.87 (d, J = 6.9 Hz, 2.1H) (syn isomer); 13C NMR (75 MHz,
CDCI3) cl 204.3, 137.0, 129.0, 128.3, 127.9, 78.9, 58.6, 41.8, 27.8,
21.5, 16.8; IR (neat) Wcm-12970, 2833, 2722, 1724, 1557, 1379, 1093,
816, 750, 706, 648; 10HRMS (ESI-TOF) Calcd. for C13HieN103: 236.1287
[M+H], Found: 236.1286 [M+Hr.
(S)-2,2-dimethy1-4-nitro-3-phenylbutanal         [0155] The title
compound was prepared from (E)-(2-nitrovinyi)benzene and
15isobutyraldehyde according to the general procedure. The
enantiomeric ratio were determined by HPLC with Chiralpak OD-H column
at 210 nm (2-propanol:hexane = 15:85),. 1 mUmin, tmajor = 19.7 min,
tminor = 13.9 min, [4320= -4.3 (c = 1.6, CHCI3). Rf = 0.14 (EA:Hexane
= 1:10); 



1H NMR (300 MHz, CDCI3) 6:9.53 (s, 1H), 7.36-7.26 (m, 3H), 7.21-7.18
(m, 2H), 4.85 (dd, 20J = 12.9 Hz, 11.2 Hz, 1H), 4.68 (dd, J = 12.9
Hz, 4.2 Hz, 1H), 3.78 (dd, J = 11.2 Hz, 4.2 Hz, 1H), 1.14(s, 3H),
1.01 (s, 3H); NMR (75 MHz, CDCI3) 6: 204.2, 135.4, 129.1, 128.7,
128.2, 76.6, 48.5, 48.2, 21.7, 18.9; IR (thin film) vice. 2922, 1728,
1556, 1454, 1379, 704; 25HRMS (ESI-TOF) Calcd. for C12H16NO3:
222.1130 [M+Hr, Found: 222.1123 [M+H]t
(S)-3-(4-bromophenyI)-2,2-dimethyl-4-nitrobutanal  59      [0156] The
title compound was prepared from trans-1-bromo-4-(2-nitrovinyl)
benzene and isobutyraldehyde according to general procedure.The
enantiomeric excess was determined by HPLC with ChiralOak AD-H column
at 210 nm (2-propanol:hexane = 10:90), 51 mUmin; tmajar = 11.5 min,
'minor = 9.3 min, EalD2= -2.4 (c = 2.9, CHCI3); Rf = 0.24 (EA:Hexane
= 1:4); 1H NMR (400 MHz, CDCI3) a 9.49 (s, 1H), 7.46 (d, J = 8.2 Hz,
2H), 7.08 (d, J = 8.2 Hz, 2H), 4.80(t, J= 12.9, 1H), 4.67 (dd, J=
13.2 , 4.2 Hz, 1H), 3.75 (dd, J = 11.4 , 4.0 Hz, 1H), 1.12 (s, 3H),
1.00 (s, 3H); 1013C NMR (100 MHz, CDCI3) a 203.8, 134.5, 131.9,
130.7, 122.2, 76.0, 48.1, 47.9, 21.7, 18.9; IR (thin film) \duff':
2922, 2725, 1722, 1560, 1543; 1009, 880, 849, 721; HRMS (ESI-TOF)
Calcd. for Cl2H15NO3Br: 300.0235 [M+H]t, Found: 300.0212 [M+Hr.
15(S)-3-(furan-3-y1)-2,2-dimethy1-4-nitrobutanal      [0157] The
title compound was prepared from trans-2-(2-nitrovinyl) furan, and
isobutyraldehyde according to general procedure. The enantiomeric
excess was determined by HPLC with Chiralpak OD-H column at 210 nm
(2-propanol:hexane = 20:80), 201 mUmin, t -majOr = 12.5 min, tminar =
8.3 min, [a]D2= +1.5 (c = 2.8, CHCI3); Rf = 0.33 (EA:Hexane = 1:4);
111 NMR (400 MHz, CDCI3) 8. 9.52 (s, 1H,), 7.37 (s, 1H), 6.31 (dd, J
= 1.9, 1.2 Hz, 1H), 6.21 (d, J = 3.2 Hz, 1H), 4.75 (dd, J = 12.9,
11.0.Hz, 1H), 4.58 (dd, J = 12.9 Hz, 3.9 Hz,  60 1H), 3.92 (dd, J=
11.0 Hz, 3.9 Hz, 1H), 1.17(s, 3H), 1.04(s, 3H); 13C NMR (100 MHz,
CDCI3) a 203.5, 149.8, 142.8, 110.4, 109.7, 74.9, 48.2, 42.3, 21.2,
19.1; 



IR (thin film) v/crill: 2972, 1726, 1557, 1470, 1433, 1377, 1148,
885, 818, 741; 5HRMS (ESI-TOF) Calcd. for C10H14N04: 212.0923 [M+Hr,
Found: 212.0926 [M+H]1.
(S)-3-(4-Methoxypheny1)-2,2-dimethyl-4-nitrobutanal  [0158] The title
compound was prepared from trans-l-methoxy-4-(2-nitrovinyl) ben- 10
zene and isobutyraldehyde according to general method. The
enantiomeric excess was determined by HPLC with Chiralpak AS-H column
at 210 nm (2-propanol:hexane = 20:80), 1 mL/min; t "major = 12.7 min,
t _minor = 15.8 min, [a]D20= +9.1 (c = 1.2, CHCI3); Rf = 0.24
(EA:Hexane = 1:4);        1H NMR (400 MHz, CDCI3) a 9.52 (s, 1H),
7.11 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.7 Hz, 152H), 4.80 (dd, J =
12.8, 11.6 Hz, 1H), 4.66 (dd, J = 12.8, 4.2 Hz, 11-0, 3.78 (s, 3H),
3.72 (dd, J = 11.4, 4.2 Hz, 1H), 1.12(s, 3H), 1.00(s, 3H), 13C NMR
(100 MHz, CDCI3) 5 204.5, 159.3, 130.1, 127.1, 114.1, 76.5, 55.2,
48.4, 47.9, 21.6, 18.9;         IR (thin film) v/cm4: 2922, 1719,
1609, 1549, 1514, 1462, 1377, 1250, 1028, 839, 723; 20HRMS (ESI-TOF)
Calcd. for C13H1eN104: 252.1236 [M+Hr, Found: 252.1239. (S)-
2,2-Dimethy1-3-(naphthalen-2-y1)-4-nitrobutanal   61    [0159] The
title compound was prepared from (E)-2-(2-nitrovinyl)naphthalene and
isobutyraldehyde according to General Procedure. The enantiomedc
excess was determined by HPLC with Chiralpak AS-H column at 210 nm
(2-propanol:hexane = 10:90), 1 mUmin, trnai" = 16.2 min, t -m11101. =
18.0 min, [a]D2 r- +1.7 (c = 1.8, CHCI3) 5Rf = 0.27 (EA:Hexane =
1:4); 1/1 NMR (400 MHz, CDCI3) a 9.57 (s, 1H), 7.83-7.80 (m, 3H),
7.67 (brs, 1H), 7.50 (t, J = 4.0 Hz, 2H), 7.32 (dd, J = 8.5, 1.5 Hz,
1H), 4.99 (dd, J = 13.0 Hz, 11.7 Hz, 1H), 4.78 (dd, J = 13.2, 4.1 Hz,
1H), 3.96 (dd, J = 11.3, 4.1 Hz, 1H), 1.19(s, 3H), 1.05(s, 3H); 13C
NMR (100 MHz, CDCI3) a 204.3, 133.1, 132.9, 128.5, 128.4, 127.9,
127.8, 127.6, 10126.6, 126.5, 126.4, 76.4, 48.6, 48.4, 21.8, 19.1; IR
(neat): 2725, 2670, 1722, 1555, 1306, 1159, 754, 721 cm-1; FIRMS
(ESI-TOF) Calcd. for 0161-113NO3: 272.1287 [M+F11+, Found: 272.1273.
(2S,3S)-2-methyl-3-(nitromethyl)-5-phenylpentanal 15[0160] The title
compound was prepared from (E)-(4-nitrobut-3-enyl)benzene and
propionaldehyde according to general procedure. The enantiomeric
excess was determined by HPLC with Chiralpak AD-H column at 210 nm
(2-propanol:hexane = 2:98), 1 mlimin, t- -major = 15.4 min,
-minor = 14.4 min, the diastereomeric ratio was determined by 1H NMR.
Mom= -2.2 (c = 2.7, CHCI3); 



20Rf = 0.31 (EA:Hexane = 1:4); 11-1 NMR (400 MHz, CDCI3): 59.64(d, J=
13.9 Hz, 0.43H) (anti isomer), 9.61 (d, J = 13.9 Hz, 0.57 H) (syn
isomer), 7.32-7.14 (m, 5H), 4.56-4.51 (m, 1H), 4.79-4.42 (m, 1H),
2.81- 2.57 (m, 4H), 1.87 (m, 2H), 1.17 (d, J = 17.2 Hz, 1.71H) (syn
isomer), 0.95 (d, J = 17.2 Hz, 1.29H) (anti isomer); 2513C NMR (100
MHz, CDCI3): 8202.7, 140.5, 128.7, 128.2, 126.4, 47.0, 36.8, 33.2,
30.3, 9.1; IR (thin film) vice: 3026, 2968, 2880, 1724, 1553, 1454,
700; FIRMS (ESI-TOF) Calcd. for C13H18NO3: 236.1287 [M+H]4, Found:
236.1287 [M+H]t  62 (2S,38)-3-cyclohexy1-2-methy1-4-nitrobutanal 0 H
:      [0161] The title compound was prepared from
(E)-(2-nitrovinyl)cyclohexane and propionaldehyde according to
general procedure. The enantiomeric excess was 5determined by HPLC
with Chiralpak AD-H column at 210 nm (2-propanol:hexane = 1:99), 1
mL/min, trnajor = 17.0 min, t                          _minor = 19.1
min, the tiiastereomeric ratio was determined by 1H NMR. [a]t)2=
-17.2 (c = 1.1, CHCI3), Rf = 0.40 (EA:Hexane = 1:4); 1H NMR (500 MHz,
CDCI3): 59.68 (s, 1H) (anti isomer + syn isomer), 4.59 (dd. J = 5.3,
10 13.4 Hz,1H), 4.38 (dd, J- 6.8, 13.4 Hz, 1H), 2.61-2.54(m, 2H),
1.81-1.56 (m, 514), 1.50- 1.41 (m, 1H), 1.27-0.90 (m, 5H), 1.11 (d,
J= 7.0 Hz, 1.2H) (anti isomer), 1.20 (d, J= 7.0 Hz, 1.8H) (syn
isomer); 13C NMR (125 MHz, CDCI3): S 203.0, 75.2, 46.2, 43.5, 38.0,
31.6, 29.9, 26.3, 26.3, 26.1, 9.9; 15IR (neat): v/cm-1: 2971, 2930,
2855, 1717, 1557, 1380, 1161, 1128, 950, 816, 735. HRMS (ESI-TOF):
Calcd. for C11H20NO3: 214.1443 [M+H], Found: 214.1446 [M+H]t
(23,3R)-2-isopropyl-3-(naphthalen-1-14)-4-nitrobutanal  20[0162] The
title compound was prepared from (E)-1-(2-nitrovinyl)naphthalene and
isovaleraldehyde according to general procedure. The enantiomeric
excess was determined by HPLC with Chiralpak AD-H column at 254 nm
(2-propanol:hexane = 10:90),  63 1 mUmin, trnajor = 13.7 min, tminor
= 16.8 min, the diastereomeric ratio was determined by 1H NMR. [4320=
-178 (c = 0.23, CHCI3); Rf = 0.27 (EA:Hexane = 1:4); 1H NMR (300 MHz,
CDCI3): 510.0 (d, J = 2.4 Hz, 0.96H) (syn isomer), 9.76 (d, J = 2.4
Hz, 



5 0.04H) (anti isomer), 8.18 (brs, 1H), 7.85 (dd, J = 24.0 Hz, 7.5
Hz" 2H), 7.64-7.40 (m, 3H), 7.34 (d, J = 7.5 Hz, 1H), 4.89-4.79 (m,
2H), 3.09 (bra, 1H), 1.79 (s, 1H), 1.14 (d, J = 6.9 Hz, 3H), 0.84 (d,
J = 6.9 Hz, 31-I); 13C NMR (75 MHz, CDCI3): 5 204.8, 134.3, 133.4,
131.7, 129.4, 128.6, 126.9, 126.1, 125.4, 124.1, 122.3; 10IR (neat)
vicm-1 3048, 2963, 2739, 1715, 1557, 1512, 1464, 799, 779, 758; HRMS
(ESI-TOF) Calcd. for C17H20NO3: 286.1443 1M+Hr, Found: 286.1441
[M+H]t. (2S,3R)-3-(4-bromopheny1)-2-isopropyl-4-nitrobutanal
15[0163] The title compound was prepared from
(E)-1-bromo-4-(2-nitrovinyl)benzene and isovaleraldehyde according to
general procedure. The enantiomeric excess was determined by HPLC
with Chiralpak AD-H column.at 254 nm (2-propanol:hexane = 10:90), 1
mUmin, = 7.6 min, t                                        -minor =
7.2 min, the diastereomeric ratio was determined by 1H NMR. [a],320=
-30.2 (c = 0.27, CHCI3); 20Rf = 0.50 (EA:Hexane = 1:4); 1H NMR (400
MHz, CDCI3) 59.91 (d, J= 2.0 Hz, 0.98H) (syn isomer), 9.50 (d, J= 2.0
Hz, 0.02H) (anti isomer), 7.48 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.4
Hz, 2H) 4.67 (dd, J = 12.7 Hz, 4.3 Hz, 1H), 4.54 (dd, J = 12.7 Hz,
4.3 Hz, 1H), 3.88 (dt, J = 10.5 Hz, 4.3 Hz, 1H), 2.75 (ddd, J = 6.0
Hz, 3.8 Hz, 2.1 Hz, 1H), 1.73-1.68 (m, 1H), 1.12 (d, J = 7.2 Hz, 3H),
250.86 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CHCI3) 5 203.9, 136.2,
132.4, 129.6, 122.1, 78.7, 58.5, 41.4, 28.0, 21.6, 17.0; IR (neat): v
= 2725, 1712 1566, 1338,1261, 821, 7-19 cm-1;  64 HRMS (ESI-TOF)
Calcd. for C13H17NO3Br: 314.0392 [Whir, Found: 314.0384 [M+Hr.
Characterization of chiral alcohol obtained using a reduction process
according to the invention 5  (R)-1-Phenylethanol (Coroley, EJ, &
Link, JO, Tetrahedron Lett. (1992) 33, 4141) [0164] (Fig. 11, entry
1): colorless oil, 98% yield, 81 % ee, [a]025 = - 14.9 (c = 1.0,
CH2C12): 10Rf = 0.41 (EA/Hexane = 1/5); 1H NMR (400 MHz, CDCI3):
57.28-7.17 (m, 5H), 4.72 (q, J = 6.5 Hz, 1H), 3.23 (br, 1H), 1.37 (d,
J = 6.5 Hz, 3H); 13C NMR (100 MHz, CDCI3): 5145.7 , 128.2, 127.1,
125.3, 70.0, 24.9;         The enantiomeric excess was determined by
chiral HPLC analysis, employing a Dacicel 15Chiralcel OD column
(Hexane : i-propanol 95 : -5, 1 mUmin): t1 = 8.66 min (major), t2
=10.33 min (minor).  



(S)-2-Bromo-1-phenylethanol (Basavaiah, D, et al., Tetrahedron:
Asymmetry (2002) 13, 201125-1128) [0165] (Fig. 11, entry 2):
colorless oil, 98% yield, 92% ee, [a]D25 = + 55.3 (c = 0.5, CH202);
Rf = 0.50 (EA/Hexane = 1/4); 1H NMR (300 MHz, CDCI3): 8 7 .38-7 .32
(m, 511), 4.92 (d, J = 8.6 Hz, 1H), 3.65-3.51 (m, 252H), 2.70 (br,
1H);  65 "C NMR (100 MHz, CDCI3): 5140.3, 128.7, 128.4, 125.9, 73.8,
40.2; The enantiomeric excess was determined by chiral HPLC analysis,
employing a Dacicel Chiralcel OD column (Hexane : i-propanol 95 : 5,
0.5 mUmin): t1 = 23.30 min (major), t2 27.13 min (minor). Fig. 21 (A,
B & C) depicts the data of HPLC analysis. 5
(R)-1-(4-BromophenyI)-ethanol (Du, D-M., et al.; Org. Lett. (2006) 8,
1327-1330) [0166] (not depicted in Fig. 11): colorless oil, 98%
yield, 76% ee, [a]D25 = + 18.0 (c = 3.0, CH202); 10Rf = 0.33
(EA/Hexane = 1/4); 11-1 NMR (400 MHz, CDCI3): 57.47 (d, J = 8.3 Hz,
2H), 7.25 (d, ../ = 7.6 Hz, 2H), 4.87 (q, J = 3.7 Hz, 1H), 1.47 (d,
J= 6.4 Hz, 3H); 13C NMR (100 MHz, CDCI3): 8144.8, 131.6, 127.1,
121.2, 69.8, 25.2; The enantiomeric excess determined by chiral HPLC
analysis, employing chiral HPLC 15 analysis, employing a Dacicel
Chiralcel OB-H column (Hexane : i-propanol 95 : 5, 0.5 mUmin): t1 =
7.57 min (minor), t2 = 8.38 min (major). Fig. 22 (A-D) depicts the
data of HPLC analysis. 20   (R)-1-(2-Naphthyl)-ethanol (Josyula V. et
al., Tetrahedron (2002) 58, 1069-1074) [0167] (Fig. 11, entry 3):
colorless oil, 99% yield, 89% ee, [a]D25 = + 21.9 (c =2.2, CH2C12);
25Rf = 0.38 (EA/Hexane = 1/4); 1H NMR (400 MHz, CDCI3): 87.77-7.71
(m, 4H), 7.44-7.41 (m, 3H), 4.95 (q, J = 6.4 Hz, 1H), 2.42 (brs, 1H),
1.50 (d, J= 6.5 Hz, 3H);  66 "C NMR (100 MHz, CDCI3): 8 143.1, 133.1,
132.7, 128.0, 127.8, 127.5, 125.9, 125.5, 



123.7, 123.6, 70.1, 24.9; The enantiomeric excess was determined by
chiral HPLC analysis, employing a Dacicel Chiralcel AS-H column
(Hexane : i-propanol 97: 3, 1 mUmin), retention times (min). 1 =
514.04 min (major) , t2 = 16.47 min (minor). Fig. 23 (A-D) depicts
the data of HPLC analysis.  10
(R)-1-(2-(2-(6-methoxy)-Naphthyl)-ethanol(Bouzemi, N, et al.,
Tetrahedron: Asymmetry (2006) 17, 797-800)     [0168] (not depicted
in Fig. 11): colorless solid, 98% yield, 70% ee, [aJD25 = + 26.7(c =
1.6,. CH2Cl2); 15Rf = 0.32 (EA/hexane = 1/4); 1H NMR (300 MHz,
CDCI3): 87.68-7.65(m, 3H), 7.42 (d, J = 6.3 Hz, 1H), 7.13-7.08 (m,
2H), 4.93 (q, J = 4.4 Hz,1H), 3.87 (s, 3H), 2.34 (br, 1H), 1.51 (d, J
= 4.8 Hz, 3H); 13C NMR (75 MHz, CDCI3): 8 157.5, 140.9, 133.9, 129.3,
128.6, 127.0, 124.3, 123.7, 118.8, 105.6, 70.3, 55.2, 25.0; 20The
enantiomeric excess determined by chiral HPLC analysis, employing a
Dacicel Chiralcel OD column (Hexane : i-propanol 95 : 5, 1 mL/min):
t1 = 15.76 min (minor), t2 = 22.53 min (major). Fig. 24 (A-D) depicts
the data of HPLC analysis. 25   67 [0169] (Fig. 11, entry 4):
colorless oil, 98 % yield. 86 % ee, falD25 = + 22.7 (c =3.1, CH2Cl2);
Rf = 0.28 (EA: hexane = 1:4);                 1H NMR (400 MHz,
CDCI3): 57.61 (s, 1H), 7.50 (s, 2H), 7.43 (q, J = 7.4 Hz, 1H), 4.88
(br, 51H), 2.84 (br, 1H), 1.44(d, J = 6.3 Hz, 3H); 13C NMR (100 MHz,
CDC13): 8146.7, 130.7(q, J = 31.9 Hz), 128.9, 128.7, 125.5, 124.1 (q,
J = 3.7 Hz ), 122.1 (q, J = 3.7 Hz), 69.7, 25.2.    The enantiomeric
excess determined by HPLC analysis (Daicel Chiralcel OBH column,
hexane: 2-propanol = 99: 1 1.0 mUmin). Retention time: tfl,inor =
5.47 and 1major= 7.79 min. 10Fig. 29 (A, B) and Fig. 30 (A, B) depict
the data of HPLC analysis.  15(R)-1-(4-Nitropheny1)-ethanol (Du,
D-M., et al., Org. Lett. (2006) 8, 1327-1330)    [0170] (Fig. 11,
entry 6): colorless oil, 96 % yield. 92 % ee, [CC]025 = + 26.7 (c =
1.6, CH2C12): R1= 0.33 (EA/hexane = 1/4);                  1H NMR
(300 MHz, CDC13): 58.17(d, J= 8.7 Hz, 2H), 7.53 (d, J= 8.7 Hz, 2H),
5.01 (q, J 20= 6.5 Hz, 1H), 1.51 (d, J= 6.5 Hz, 3H); 13C NMR (75 MHz,
CDC13): 5153.2, 147.2, 126.1,-123.6, 69.4, 25.4; 



The enantiomeric excess determined by HPLC analysis (Daicel Chiralcel
OB-H column, hexane: 2-propanol = 95: 5, 1 mUmin). Retention time:
t... -minor = 20.71 and t _major= 21.48 min. Fig. 25 (A, B) and Fig.
26 (A, B) depict the data of HPLC analysis. 25   68
(R)-1-(3,4-difluorophenyl) ethanol(Burk, M.J, et al., Org. Lett.
(2000) 2, 4173-4176; Dale, JA., et al. ,./. Org. Chem. (1969) 34,
2543-2549)           [0171] (Fig. 11, entry 7): colorless solid , 99
% yield. 95 % ee, [a]o23 = + 27.4 (c = 2.0, 5CH2C12); Rf = 0.26 (EA:
hexane = 1:4); 1H NMR (300 MHz, CDCI3): 87.20-7.01 (m, 3H), 4.83-4.80
(m, J = 6.5 Hz, 1H), 2.53 (s, 1H), 1.43 (d, J = 6.5 Hz, 3H);
13C NMR (75 MHz, CDCI3): 5151.5 (dd, J = 12.4, 62.6 Hz), 148.2 (dd, J
= 12.4, 62.6 Hz), 10142.8 (dd, J=4.9,1.0 Hz), 121.2(q, J= 3.9 Hz),
117.0(d, J= 17.0 Hz), 114.3(d, J= 17.0 Hz), 69.2, 25.2; The
enantiomeric excess determined by HPLC analysis (Daicel Chiralcel
OB-H column, hexane: 2-propanol = 97: 3 1.0 mUmin). Retention time:
tminor = 7.73 and troajor= 8.50 min. Fig. 34 (A-D) depicts the data
of HPLC analysis. 15  (R)-1-(3,5-difluorophenyl) ethanol (Josyula V.,
et al., Tetrahedron (2002) 58, 1069-1074)            (0172) (Fig. 11,
entry 8): colorless oil, 99 % yield. 93% ee, [a]023 = + 34.8 (c =
1.3, 20CH202); Rf = 0.39 (EA: hexane = 1:4); 1H NMR (400 MHz, CDCI3):
J 6.93-6.86 (m, 2H), 6.67-6.66 (m, 1H), 4.92-4.84 (m, 1H), 1.90(d, J
= 3.6 Hz, 1H), 1.48(d, J = 6.5 Hz, 3H); 13C NMR (100 MHz, CDCI3):
8164.8(d, J = 12.7 Hz), 161.5 (d, J = 12.7 Hz), 150.0 (t, J = 258.3
Hz), 108.1 (d, J =25.5 Hz), 108.2(d, J = 8.9 Hz), 102.6 (d, J =25.5
Hz), 69.5, 25.2; The enantiomeric excess determined by HPLC analysis
(Daicel Chiralcel OB-H column, hexane: 2-propanol = 97:3, 1.0 mUmin).
Retention time: tminor =6.50 and tmajor = 9.37 min. Fig. 32 (A-D)
depicts the data of HPLC analysis. .1  69
(R)-1-(4-TrifluoromethylphenyI)-ethanol (Mathre DJ., et al., J. Org.
Chem. (1993) 58, 2880-2888) [0173] (Fig. 11, entry 9): colorless oil,
99 % yield. 97 % ee, [a][325 = + 38.6 (c = 1.0, 5CH202); 



Rr= 0.39 (EA/hexane = 1/4); 111 NMR (300 MHz, CDC13): 87.53 (d, ./ =
8.1 Hz".2H), 7.36 (d, J = 8.2 Hz, 2H), 4.84-4.76 (m, 1H), 4.00 (d, J
= 3.6 Hz, 1H), 1.39 (d, J = 6.5Hz, 3H); 13C NMR (75 MHz, CDC13): 8
149.1, 129.4(q, J= 32.0 Hz), 125.6, 125.2(q, J = 3.8 Hz), 10122.4,
69.5, 25.0; The enantiomeric excess determined by HPLC analysis
(Daicel Chiralcel OJ column, hexane: 2-propanol = 99.8: 0.2, 1.0
mUmin). Retention time: L -ajar = 36.92 and t -minor = 47.81 mm. Fig.
28 (A-D) depicts the data of HPLC analysis. 15
(R)-3,5-bistrifluoromethylphenyl ethanol (Pollard, D, et al.,
Tetrahedron: Asymmetry (2006) 17, 554-559) 20[0174] (Fig. 11, entry
10): colorless solid, 99% yield. 93% ee, [a]025 = + 15.0(c = 1.4,
CH2C12); Rf = 0.48 (EA: hexane = 1:4); 1H NMR (400 MHz, CDC13):
57.84-7.77 (m, 3H), 5.02-5.00 (m, 1H), 4.92-4.84 (m, 1H), 2.70 (d, J
= 3.6 Hz, 1H), 1.52 (d, J= 6.5 Hz, 3H); 2513C NMR (100 MHz, CDC13):
5148.2, 131.7 (q, J- = 33.0 Hz), 150.0 (t, J = 8.3 Hz), 125.6 (d, J=
2.5 Hz), 124.7, 122.0, 69.3, 25.4;  70 The enantiomeric excess
determined by HPLC analysis (Deice] Chiralcel OB-H column, hexane:
2-propanol = 99.5: 0.5, 1.0 mUmin). Retention time: iminar = 9.57 and
t _major= 10.34 min. Fig. 33 (A-D) depicts the data of HPLC analysis.
5    (R)-1-(3-fluorophenyl)-ethanol (Liu, PN., et al., Chem. Commun.
(2004) 2070-2071) [0175] (Fig. 11, entry 11): colorless oil, 99%
Yield. 90% ee, [a1D25 = + 17.8 (c = 0.9, 10CH2C12); Rf = 0.45
(EA/hexane = 1/4); 1H NMR (300 MHz, CDCI3): 5 7.27-7.20 (m, 1H),
7.05-7.00 (m, 2H), 6.93-6.87 (m, 1H), 4.76 (q, J = 6.5 Hz, 3H), 3.4
(br, 1H), 1.38 (d, J = 6.5 Hz, 3H)                          13C NMR
(75 MHz, CDCI3): 5164.4. 161.2, 148.5 (d, J= 6.6 Hz), 129.8(d, J= 8.3
Hz), 15120.9(d, J2.8 Hz), 113.9(d, J22.1 Hz), 112.2(d, J22.1 Hz),
69.4, 25.0. The enantiomeric excess determined by HPLC analysis
(Daicel Chiralcel OB-H column, hexane: 2-propanol = 99: 1, 1 mUmin).
Retention time: t 



.minCir = 17.58 and -major= 27.14 min.
20(R)-1-(4-methylsulfonylphenyl) ethanol(Tagat, JR, et al., J. Med.
Chem. (2001) 44, 3343-3346)    [0176] (not depicted in Fig. 11):
colorless solid, 99% yield. 97% ee, [a]D25 = + 17.6(0 = 0.6, CH2Cl2);
Rf = 0.04 (EA: hexane = 1:4); 251H NMR (400 MHz, CDCI3): 57.84 (d, J
= 8.3 Hz, 2H), 7.55 (d, J = 8.3 Hz, 2H), 4.98 (q, J = 6.5 Hz, 1H),
3.03 (s, 3H), 1.49 (d, J = 6.5 Hz, 31-1);  71 13C NMR (100 MHz,
CDCI3): 8152.4, 138.8, 127.3, 126.2, 69.2, 44.4,25.3; The
enantiomeric excess determined by HPLC analysis (Daicel Chiralcel OBH
column, hexane: 2-propanol = 99: 1 1.0 mlimin). Retention time:
tminor =60.93 and t -major= 63.01 min. Fig. 31 (A-D) depicts the data
of HPLC analysis. 5 X-ray crystal data of 6a and 7a 10Crystal
Structure of 6a The structure is graphically represented in Fig. 17.
chemical formula_moietyC15 HIS N2 04 chemical formula_sumC15 H18 N2
04 15chemical formula_weight290.31 symmetry_cell_settingOrthorhombic
symmetry_space_group_name_H-M P2(1)2(1)2(1) cell_length_a7.9402(2)
celliength_b11.7992(3) 20celliength_c15.7954(4) cell_angle_alpha90.00
cell_angle_beta90.00 cell_angle_gamma90.00 cell_volume1479.84(6)
25cell_formula_units_Z4 cell_measurement_temperature 296(2)
cell_measurement_refIns_used 8324 cell_measurement theta_min2.58 



cell_measurement_theta_max23.72 30exptcrystal_descriptionfragment
exptcrystal_colourcolourless exptl_crystal_size_max0.20
exptl_crystal_size_mid0.18 exptcrystal_size_min0.15
35exptcrystal_density_meas0 expti_crystal_density_diffrn 1.303  72
exptcrystaldensity_method 'not measured' exptl_crystal_f_000616
exptabsorpt coefficient_mu 0.095 exptabsorpt correction_type
multi-scan 5 exptlabsorpt_correction_T_min 0.9812
exptLabsorpt_correction_T_max 0.9858 expttabsorpt_process_details
sadabs 10Crystal Structure of 7a The structure is graphically
represented in Fig. 18: Crystal data and structure refinement for 7a.
Identification code Empirical formula Formula weight Temperature
Wavelength Crystal system 7a C26 H26 N2 03 414.49 173(2) K 0.71073 A
Monoclinic Space group P2(1) Unit cell dimensions a = 11.7241(6) A0=
900.  b = 5.6398(3) A0= 100.171(3).  



c = 16.4582(9) A0 = 900. Volume 1071.14(10) A3 Z 2 Density
(calculated) 1.285 Mg/m3 Absorption coefficient 0.084 mm4 F(000) 440
Crystal size 0.25 x 0.08 x 0.04 mm3 Theta range for data collection
1.76 to 27.99. Index ranges -15<=h<=15, -7<=k<=6, -21<=I<=21
Reflections collected 9241 Independent reflections 4937 [R(int) =
0.0399] Completeness to theta = 27.99 100.0 % Absorption correction
Semi-empirical from equivalents  Max. and min. transmission
Refinement method Data / restraints / parameters Goodness-of-fit on
F2 5Final R indices [1>2sigma(I)] 



R indices (all data) Absolute structure parameter Largest diff. peak
and hole   73 0.9966 and 0.9792 Full-matrix least-squares on F2 4937
/ 1 / 381 1.022 R1 = 0.0486, wR2 = 0.1034 R1 = 0.0829, wR2 = 0.1271
-1.4(14) 0.199 and -0.302 e.A-3  10  X-Ray crystal data of
(2S,3R)-3-(4.bromopheny1)-2-isoproPy1-4nitrobutanal The structure is
graphically represented in Fig. 16:  chemical_formula_moiety
15chemical_formula_sum chemical_formula_weight symmetry_cell_setting
symmetry_space_group_name_H-M cell_length_a 20cell_length_b
cell_length_c cell_angle_alpha cell_angle_beta cell_angle_gamma
25cell_volume cell_formula_units_Z cell_measurement_temperature
cell_measurement_reflns_used cell_measurement_theta_min
30cell_measurement_theta_max exptl_crystal_description
exptl_crystal_colour exptl_crystal_size_max exptl_crystal_size_mid
35exptl_crystal_size_min exptl_crystal_density_diffrn
exptl_crystal_F_000 exptl_absorpt_coefficient_mu
exptl_absorpt_correction_tYpe 40exptl_absorpt_correction_T_min
exptl_absorpt_correction_T_max diffrn_ambient_temperature
diffrn_radiation_wavelength diffrn_radiation_type  'Cll H12 Br N 03'
'Cll H12 Br N 03' 286.13 



Monoclinic P2(1) 10.6835(6) 8.7762(5) 12.7768(7) 90.00 97.709(4)
90.00 1187.13(12) 4 173(2). 5754 3.01  25.95 plate  colourless 0.40
0.38 0.04 . 1.601 576 3.454 multi-scan 0.3387 0.8742 173(2) 0.71073
Mok\a  74 diffrn_radiation_source'fine-focus sealed tube'
diffrn_radiation_monochromator graphite
diffrn_measurement_device_type'CCD area detector'
diffrn_reflns_number23631' 



5diffrn_reflns_av_R_equivalents0.0520
diffrn_reflns_av_sigmaI/netI0.0645 diffrn_reflns_limit_h_min-14
diffrn_reflns_limit_h_max15 diffrn_reflns_limit_k_min-11
10diffrn_reflns_limit_k_max12 diffrn_reflns_limit_l_min-18
diffrn_reflns_limit_l_max18 diffrn_reflns_theta_min1.61
diffrn_reflns_theta_max30.70 15reflns_number_total6685
reflns_number_gt4423 reflns_threshold_expression>2sigma(I)
20Computational Details     [0177] DFT calculations were carried out
with the Gaussian 03 package (Frisch, MJ, et al., Gaussian 03,
Revision D.01, Gaussian, Inc.: Wallingford, CT, 2004). The structures
are fully optimized by the B3LYP (Becke, ADJ, Chem. Phys. (1993) 98,
1372; Becke, ADJ, Chem. Phys. (1993) 98, 5648; Lee, C, et al, Phys.
Rev. B (1988) 37, 785) method  25 using 6-310(d) basis set
(Ditchfield, R, et al., J. Chem. Phys. (1971) 54, 724) and have been
confirmed to be a local minima by the harmonic frequencies
calculations at the same level of theory. Computational Results and
Discussions [0178] Different conformers of the enamine ,intermediate
have been calculated to  30 determine the lowest energy conformation
in the gas phase The lowest energy conformation syn enamine 2 is
displayed in Figure 9A. In this conformation, there is hydrogen bond
between OH group and the nitrogen atom and the bond distance for N--H
is 2.057 A. The hydrogen bonding interaction can enhance the
stability of this conformer, as its energy is 2.63 kJ/mol lower than
that of the second lowest conformation syn  35 enamine 1. From this
conformer, we can see that: at the Si surface of enamine, there are
several highly electronegative atoms such as 0 and N which could
function as hydrogen bond acceptors. Therefore when the enamine is
immersed into protic solvents such as methanol and water, the Si face
is expected to develop strong hydrogen-bond networks which eventually
block the attack of nitrostyrene from this side. On this basis,
nitrostyrene  75 will attack the enamine from the less hindered Re
face via transition state TS1, where a water molecule is probably
involved by forming hydrogen bonds with the CO2H group and NO2 which
will lead to the desired (S, R) product (Figure 9B). The activation
energy of this TS model is 64.61 kJ/mol lower than that of TS2
without the water molecule as hydrogen-  5 bond bridge. The whole
system is stabilized by hydrogen bonds. This proposal is supported by
the following experimental results: (1) methyl ester derivative or
phenyl ester derivative could not catalyze the reaction with or
without acid additive in Me0H or H20, which indicate the possible
activation of nitrostyrene by the carboxylic acid. (2) the reaction
was much slower in aprotic solvent such DMSO and DMF which implies
that E120  10 may be involved in the reaction through
hydrogen-bonding interaction. The transition state TS3, proposed for
similar reaction (Seebach' model), (12. (a) Seebach, D.; Golinski, J.
HeIv. Chim. Acts 1981, 64, 1413. (Seebach, D, et at, He/v. Chim. Ada
(1985), 68, 162) is found 7.91 kJ/mol higher than the energy of TS1
by DM' calculation. 15syn enamine 1 (depicted in Fig. 35A)  2.317253
0.425596 -0.079496  2.482760 -0.782657 -0.774622  0.177617 -0.103916
-1.002930  1.130027 -1.315288 -1.159221 20H-0.005180 0.436744
-1.937684 



1.077889 -1.720655 -2.174576  0.952011 0.802790 -0.089580  0.568993
-2.333302 -0.131202  0.764459 -3.371314 -0.411303 251.028580
-2.149221 0.844347  -0.943794 -2.028180 -0.068650  -1.510268
-2.681807 -0.747207  -1.061177 -0.643278 -0.497498  0.492883 2.001811
0.406920 30o1.126763 2.751728 1.127752 0-0.768850 2.252880 -0.017319
C-1.371410 3.442707 0.542389 H-0.759845 4.309026 0.271967  -1.363987
3.357552 1.633156 35-1.473021 -2.241356 1.350543  -1.329398 -1.486065
2.280887  -2.099755 -3.441925 1.458277  76 -2.364509 -3.525762
2.394146 3.744500 -1.337503 -0.938972  3.867611 -2.272731 -1.480055
3.412057 1.086604 0.479991 53.276556 2.010448 1.024591 C 4.677937
0.515894 0.304791 5.541540 1.022499 0.727633 4.854477 -0.676578
-0.399507  5.849422 -1.093776 -0.525535 10C-2.781415 3.546591
-0.007206 H-3.371593 2.665501 0.262492  -3.272529 4.433767 0.407373
-2.773236 3.640422 -1.098532  -2.293367 -0.175218 -0.956346
15-2.225026 0.783705 -1.459146  -3.485367 -0.778505 -0.816625
-3.570382 -1.722802 -0.282755  -4.764046 -0.198970 -1.355784 



-4.586872 0.752558 -1.870444 20H-5.248447 -0.877181 -2.072387
-5.496611 -0.012878 -0.557742 SCF Energy = -1070.27086981 Zero-point
correction (ZPE) = 0.354393 25syn enamine 2 (depicted in Fig 9A)
2.314188 0.417552 -0.076147  2.461103 -0.798361 -0.759337  0.153576
-0.119009 -0.938252                                 1.101578
-1.332159 -1.117841 30-0.068211 0.405778 -1.872800  1.030547
-1.729786 -2.135253  0.943816 0.796928 -0.059363  0.558558 -2.359161
-0.093222                                 0.770182 -3.394906
-0.366770 351.012133 -2.171863 0.885775 C-0.954832 -2.0801367
-0.046814  -1.488241 -2.688373 -0.789359     77   N -1.080124
-0.649709 -0.362338   0.509739 2.031141 0.374963 



o 1.176165 2.826b71 1.011664  0 -0.779136 2.248363 0.012659 5 C
-1.337184 3.502765 0.476468  H -0.728275 4.323493 0.086031  H
-1.271455 3.530887 1.568266  C -1.536977 -2.428331 1.330912  



0 -1.598476 -1.391404 2.187609 10 0 -1.861314 -3.550191 1.636378
3.717684 -1.361845 -0.936138   3.828119 -2.304081 -1.467230
3.418881 1.081371 0.458293   3.297971 2.014504 0.990036 15  



4.679292 0.502411 0.270335   5.551783 1.010060 0.672683   4.838195
-0.699692 -0.421452   5.828863 -1.123634 -0.557245  C -2.772487
3.576740 -0.007864 20 H -3.362318 2.739511 0.378002  H -3.228270 



4.509480 0.341388  H -2.821538 3.562785 -1.101860  C -2.313514
-0.209307 -0.894727   -2.254930 0.776286 -1.343283 25  -3.482968
-0.862080 -0.841158   -3.556274 -1.834437 -0.358753   -4.758869
-0.303071 



-1.406641   -5.184869 -0.967501 -2.170529   -5.526364 -0.186513
-0.629469 30  -4.599300 0.677541 -1.869123   -1.349079 -0.591069
1.676648  SCF Energy =- 1070.27180798 Zero-point correction (ZPE)=
0.354653 35syn enamine 3 (depicted in Fig. 36) 2.300297 0.288398
-0.031250 2.397101 -0.931742 -0.716751     



78    0.162490 -0.086417 -1.020038   1.022151 -1.366444 -1.147072
0.052144 0.459574 -1.961749  H 0.975885 -1.760770 -2.167013 5
0.959859 0.759896 -0.078041   0.353663 -2.343823 



-0.148450  H 0.454455 -3.390831 -0.441624   0.819397 -2.233664
0.835879  C -1.131260 -1.914370 -0.097375 10 H -1.740537 -2.536746
-0.760876  N -1.150164 -0.512483 -0.547027   0.585706 2.018675
0.344100 



o 1.269563 2.767495 1.016607  0 -0.669927 2.312187 -0.075577 15 C
-1.183163 3.592616 0.367894  H -0.478483 4.375683 0.074063  H
-1.236492 3.585907 1.461123  C -1.668578 -2.079856 1.332984  



0 -1.731399 -0.940046 2.043809 20 0 -1.966201 -3.157081 1.791685
3.619346 -1.579355 -0.835379   3.691854 -2.524443 -1.367927  C
3.419342 0.872284 0.562637  H 3.335497 1.808772 1.095755 25 C 



4.645033 0.208865 0.432632   5.529103 0.653123 0.881931  C 4.755394
-0.997957 -0.260330   5.720262 -1.488391 -0.350355  C -2.548020
3.781913 -0.266272 30 H -3.224658 2.966060 0.005973  H -2.984415 



4.725542 0.078413  H -2.472583 3.819138 -1.358140  C -2.279621
0.012286 -1.217888   -2.016719 0.890112 -1.797670 35 C -3.572006
-0.356068 -1.222482   -1.485272 -0.214161 1.429112   4.353595
-1.431432 



-0.515466   -3.770589 -2.096036 0.121348  79 H-5.127895 -0.976542
0.117361 -4.882749 -2.060146 -1.244411    -4.188039 0.280060
-1.856861 SCF Energy = - 1070.26482028 5Zero-point correction (ZPE) =
0.354984 anti enamine 4 (depicted in Fig. 37)  C C -2.192429
-2.555215 0.634856 -0.650648 0.193907 0.628111 10 C -0.200796
-0.385911 0.998100  C -1.307128 -1.455009 



0.869396  H -0.047688 -0.032639 2.022214  H -1.343349 -2.074668
1.770913  N -0.775431 0.755817 0.192507 15 C -0.826000 -2.285030
-0.351221  H -1.162823 -3.323097 -0.321463  H -1.212541 -1.840252
-1.273244 



0J21476 -2.188344 -0.306259   1.155860 -3.089029 0.144592 20
1.003117 -1.007748 0.519215  C -0.107826 1.829889 -0.346729  0
-0.634388 2.826654 -0.804940  O 1.239361 1.626537 -0.346674  



2.028756 2.721119 -0.884944 25  1.944242 3.573232 -0.202802
1.603754 3.017231 -1.846990   1.314693 Z070038 -1.721235  O 1.697837
-0.831436 -2.082401  O 1.396508 -3.020.224 -2.461975 30  



-3.891801 -1.010680 0.728280   -4.169284 -2.006060 1.066268
-3.160663 1.575608 -0..156605   -2.875230 2.562026 -0.493561
-4.504464 1.196741 -0.052622 35  -5.272123 1.919257 -0.316301  C
-4.875628 



-0.074769 0.387364   -5.926169 -0.339171 0.465586  80  3.458615
2.231752 -1.014868  3.524106 1.39t117 -1.713312  4.087870 3.043234
-1.396258                                3.854399 1.908902 -0.047250
52.199818 -0.966385 1.255071  2.839494 -1.825742 1.059436  2.602395
-0.022303 2.117328  1.991195 0.862317 2.281091
3.888307 -0.111123 2.890971 104.536735 0.754584 2.698619
3.709503 -0.133010 3.974931                                 4.452518
-1.013832 2.630948                                 1.568531 -0.221477
-1.321825 SCF Energy = -1070.26865670 15Zero-point correction (ZPE) =
0.354347 anti enamine 5 (depicted in Fig. 38)   2.099727 2.536948
-0.654681 0.573297 -0.012732 0.510388 



20  0.217604 0.327665 1.059606   1.337820 1.379948 0.927510
0.163737 -0.124317 2.051434   1.467452 1.918284 1.871637   0.682665
-0.739427 0.088894 25  0.773414 2.319047 -0.170947  



1.149920 3.341109 -0.097433   1.049140 1.935623 -1.158154  C
-0.763025 2.264341 0.024634  H -1.110842 3.126713 0.606019 30 N
-1.008378 1.013932 0.760883  C -0.060293 -1.692560 -0.566730  o 



0.397929 -2.628929 -1.194055  o -1.398290 -1.447472 -0.462813
-2.257529 -2.433267 -1.099351 35  -2.137742 -3.383797 -0.570422
-1.920470 -2.575327 -2.129009  81  o o -1.498268 -1.940489 -1.632557
3.888302 2.316899 1.134032 3.348606 0.886320 -1.324989 -1.788148
-1.938285 0.535840 



5  4.223936 1.839423 0.941679   3.006241 -1.582133 -0.525553
2.663019 -2.523019 -0.931697   4.365783 -1.249017 -0.495522
5.086665 -1.961677 -0.887021 10 C 4.811094 -0.036060 0.030004  



5.872592 0.194359 0.046962   -3.680108 -1.911440 -1.027012
-3.782342 -0.971336 -1.578379   4.359108 -2.645699 -1.473933 15 H
-3.986265 -1.740310 0.009558   -2.150239 0.949-516 1.578062   



-2.769410 1.834945 1.451437   -2.585663 0.013850 2.439405   -1.754232
0.432382 -1.123987 20 C -2.015105 -1.323252 2.832901   -1.335532
-1.738616 2.086280   -1.478520 -1.275759 3.791725   -2.826292 



-2.048788 2.970584   -3.508681 0.285531 2.947598 25 SCF Energy = -
1070.26332004  Zero-point correction (ZPE) = 0.354781 30 Model TS1
(with water) (depicted in Fig. 9B)   -3.530557 -0.930491 -0.024005
-3.641584 0.156346 -0.895862   -1.389808 -0.662939 -0.992193 35
-2.360622 



0.335682 -1.683965   -0.801807 -1.280570 -1.669984   -2.508445
0.065921 -2.736258   -2.238684 -1.513092 -0.156987     82
-1.687472 1.717208 -1.565429   -1.041525 



1.902895 -2.430032   -2.416888 2.528429 -1.509077   -0.822607
1.634052 -0.294196 5  0.090224 2.228630 -0.413776   -0.463419
0.213481 -0.220329   -1.930398 -2.798911 0.231840  0 -2.668076
-3.533808 



0.856475  0 -0.680215 -3.148961 -0.181575 10  -0.285801 -4.503943
0.159050   -1.085203 -5.184832 -0.143601   -0.182872 -4.572170
1.246617   -1.549641 2.093889 0.994999  O -1.780605 3.402070 1.058134



15 o -1.886718 1.320536 1.862375   -4.821568 0.886771 -0.956035
4.915180 1.733397 -1.631871   -4.580800 -1.313851 0.805441   4.480326
-2.157782 1.473349 20  -5.762710 -0.569401 0.735063  



-6.595342 -0.846162 1.375604   -5.889651 0.518552 -0.131410
-6.816800 1.083022 -0.163068   1.017213 -4.70742 -0.558316 25
1.807903 -4.102733 -0.258502   1.345257 -5.814149 -0.315142   



0.889102 -4.730644 -1.643850   0.537454 -0.253984 0.512965   0.646166
-1.335506 0.497175 30  1.518182 0.539617 1.166082   1.220533 1.574015
1.311516   2.163903 -0.055524 2.404304   3.051597 



0.522448 2.682642   1.468067 -0.022111 3.250258 35  2.469149
-1.095772 2.251856   2.885227 0.848207 -0.160240   2.238174 0.935718
-1.029391   3.489245 2.101645 0.164858  83  o 



4.374794 3.753975 3.433794 4.894515  2.235.015 -0.368785 -1.388637
-0.534987  0.767251 -0.219716 -1.130061 0.582380 5  4.224143
-2.532429 -1.242426   2.563272 -1.272013 -1.772384   5.683078
-1.680698 0.477741   5.177239 0.236734 1.291285   5.352420 -2.684423
-0.434033 10  3.964948 



-3.298448 -1.968482   6.562548 -1.785124 1.107320   5.972056
-3.572760 -0.519625   2.873390 3.269415 -0.174775  o 3.354701
4.371800 0.152653 15 o 1.772499 3.208719 -0.859789  o -0.268968
4.891668 



-0.537413   0.633234 4.479429 -0.626073   -0.503244 5.189833
-1.427690   -1.266161 3.939127 0.380667 20      SCF Energy =
-1660.83606625 Zero-point correction (ZPE) = 0.519253 Model TS2
(without water) (depicted in Fig. 90) 25     3.570125 



0.580467 0.115314  3.681044 -0.424125 -0.849212  1.496426 0.533271
-1.008117  2.459555 -0.429894 -1.744904 30 0.970982 1.240604
-1.648872  2.713502 -0.031351 -2.734641  2.321355 1.252589 -0.042544
1.695279 -1.760828 -1.893377  



1.187042 -1.795276 -2.862123 35 2.367678 -2.620326 -1.842561
0.640990 -1.791756 -0.765430  84   -0.322884 0.492416 -2.148365
-0.373527 -1.130262 -0.372957  o 2.070611 2.531,676 0.409623  o
2.809032 3.173597 1.128150 



5 o 0.871184 2.983699 -0.051143   0.529791 4.335791 0.353309
1.384054 4,985939 0.148803   0.356645 4.340770 1,434108   1.085914
-2.673895 0.432958 10 o 0.356366 -3.767348 0.644511  



o 2.058222 -2.392229 1.095526   4.821270 -1.213809 -0.905171
4.917043 -1.997150 -1.652940   4.576225 0.820048 1.046419 15
4.476846 1.605135 1.783274   5.717509 0.014184 0,981613   



6.517158 0.177828 1.698502   5.844966 -0.991869 0.021323   6.739692
-1.606753 -0.004974 20  -0.704072 4.748302 -0.425404   -1.545789
4.076466 -0.229677   -0.998575 5.761534 -0.131430   -0.504024 



4.749673 -1.502035   -0.438579 0.068928 0.462330 25  -0.4354-81
1.145512 0.613078  C -1.456003 -0.727920 1.057093   -1.199419
-1.781877 1.100733   -2.028676 -0.212623 2.366564   -2.930009
-0.777926 



2.626593 30  -1.310616 -0.345501 3.183598   -2.293939 0.848442
2.312795   -2.866891 -0.911554 -0.201495   -2.262131 -1.062334
-1.092560  C -3.577766 -2.097652 0.170540 35  -4.486472 -2.119511
0.752556 



-3.629035 0.377046 -0,260872   -3.266986 1.337197 -1.219040
-4.702101 0,671022 0.595404  85  -3.953019 2.546778 -1.325682
-2.447346 1.122727 -1.901840  -5.387315 1.882072 0.495047
-5.011214 -0.050303 1.345021 5-5.016516 2.825292 -0.464525
-3.664984 3.265392 -2.088440                                -6.217089
2.085400 1.166502                                -5.555876 3.764898
-0.546089                                -3.036080 -3.329301
-0.052002 10o-3.600601 -4.361274 0.353277 o-1.914866 -3.401182
-0.708667  -0.499792 -3.780981 0.116326 SCF Energy = - 1584.39884194
Zero-point correction (ZPE) = 0.494339 



15 Model TS3 (with water) (depicted in Fig. 39) -3.728275 0.185967
-0.411241  20 -3.604276 -1.030849 0.269226 -1.752290 0.350125
0.859136 -2.477901 -0.947405 1.279668 -1.387288 0.961473 1.683537
-2.880350 -0.848539 2.294921  25 -2.716098 1.081181 0.038131
-1.398138 -2.036392 1.240288 -0.852501 -2.056952 2.187197 -1.807269
-3.031428 1.049810 -0.417977 -1.593893 0.127997  30 0.598813
-1.823659 0.424702 -0.574749 -0.134342 0.083194 -2.774575 2.450515
-0.096539 o-3.640699 3.057493 -0.694833 o-1.722587 3.046290 0.529212
35 -1.734205 4.495008 0.499644 -2.658419 4.845136 0.968901 -1.744210
4.825528 -0.543191 -0.654695 -2.296632 -1.217698  86  o o -0.237745
-1.153707 -4.482490 -4.394923 -3.574331 -1.781509 -2.072360 -3.019763
-1.198530 -2.187566 0.000167 0.526417 5  -4.719584 0.394853 -1.365868
-4.807692 1.344211 -1.876093   -5.594868 -0.664371 -1.628275 



-6.374922 -0.528602 -2.372272   -5.482575 -1.885719 -0.960378 10
-6.172177 -2.693616 -1.186853   -0.502600 4.974669 1.243405
0.415074 4.632318 0.753541   -0.489849 6.069708 1.263738  



-0.499258 4.609880 2.275212 15  0.350245 0.715349 -0.343141
0.089127 1.757492 -0.176622   C 1.589642 0.435761 -0.963567
1.711008 -0.575654 -1.346411   2.071713 1.520822 -1.916412 20  



3.098342 1.338561 -2.239853   1.442017 1.558874 -2.814053   2.038044
2.510931 -1.444557   2.976097 0.323514 0.553391   2.722679 1.273683
1.014120 25  2.710309 -0.805756 1.367179   3.135568 



-1.783407 1.193793   4.261610 0.328371 -0.197335   5.056924 1.484994
-0.196827   4.724492 -0.801437 -0.893618 30  6.286928 1.508865
-0.854320   4.711734 2.367731 0.335718   5.949410 -0.776010 



-1.556408   4.119539 -1.703782 -0.924068   6.737077 0.378362
-1.537157 35  6.891516 2.411516 -0.833542   6.290022 -1.658751
-2.090603   7.692519 0.395973 -2.054089   1.728532 -0.770772 2.310672



87  o 1.387846 -1.873496 2.880794  o 1.146103 0.309098 2.600668  o
1.315154 -3.976145 1.085126   1.387040 -3.285225 1.796565 5  1.303581
-4.826567 1.547569   0.263541 -3.776861 



-0.364382  SCF Energy = -1660.83004325 Zero-point correction (ZPE) =
0.518898 Water o-0.024248 0.000000 -0.017137 0.025062 0.000000
0.950263 0.904123 0.000000 -0.293580 SCF Energy = - 76.4089533236
Zero-point correction (ZPE) = 0.021168 [0179] In summary, a new class
of structurally rigid tricyclic amphibian chiral catalysts 20 based
on the hexahydropyrrolo[2,3-b]indole skeleton has been developed. The
special features of this catalyst include: (1) easily prepared in
large scale; (2) 10/DMAP catalyst has been shown to afford the
desired products in high yields and excellent enantioselectivities in
the Michael addition of aldehydes to nitroalkenes both in organic
solvents and in water; (3) only slight excess of aldehyde is used in
this system; (4) low 25 catalyst loading and broad substrate scope.
Efficient enamine control has been shown and withoutr being bound by
theory evidence points to the involvement of a chiral pocket.
Further, Ligand 7a has been used for the asymmetric reduction of
ketones to afford the desired product in excellent yield and high
enantioselectivities. These advantages render these chiral catalyste
particularly suitable for 'practical use and will certainly find 30
application in asymmetric synthesis. The success of this novel
catalyst design will open up new perspectives in chiral catalyst or
ligand design. Further applications to other asymmetric reactions
using this new catalyst or using this skeleton as chiral ligand as
well as mechanistic insight are ongoing in our group. These
advantages further render the chiral 10/DMAP catalyst more
competitive than proline and more suitable for practical 35use, thus
it will certainly find wide application in organocatalysis. Finally,
the success of  88 this novel catalyst design clarifies that it is
inefficient enamine control due to proline's skeleton and not the
hydrogen bonding intereaction which is responsible for the failure of
poor hydrogen bond acceptors to serve as electrophiles. [0180] The
invention has been described broadly and generically herein. Each of
the 5  narrower species and subgeneric groupings falling within the
generic disclosure also form part of the invention. This includes the
generic description of the invention with a proviso or negative
limitation removing any subject matter from the genus, regardless of
whether or not the excised material is specifically recited herein.
Other embodiments are within the following claims. In addition, where
features or aspects of the invention are described in 10  terms of
Markush groups, those skilled in the art will recognize that the
invention is also thereby described in terms of any individual member
or subgroup of members of the Markush group.     [0181] One skilled
in the art would readily appreciate that the present invention is
well adapted to carry out the objects and obtain the ends and
advantages mentioned, as well 15  as those inherent therein. Further,
it will be readily apparent to one skilled in the art that varying
substitutions and modifications may be made to the invention
disclosed herein without departing from the scope and spirit of the
invention. The compositions, methods, procedures, treatments,
molecules and specific coMpounds described herein are presently
representative of preferred embodiments are exemplary and are not
intended as 20  limitations on the scope of the invention. Changes
therein and other uses will occur to those skilled in the art which
are encompassed within the spirit of the invention are defined by the
scope of the claims. The listing or discussion of a previously
published document in this specification should not necessarily be



90  Claims What is claimed is: 51.A hexahydropyrrolo[2,3-b] indole
compound of Formula (XX)    wherein R is one of -COOR3, -R4COOR3,
-R4CHO, -R400R3, -R4CONR5R6, -R4C0X, 10-R4OP(=0)(OH)2,,
-R4P(=0)(OH)2), -R4C(0)C(R3)CR5R6 and -R4002C0R3, and R31 is one of
hydrogen, -COOR3, -R4COOR3, -R4CHO, -R4COR3, -R4CONR5R6, -R4C0X,
-R4OP(=0)(OH)2,, -R4P(=0)(OH)2), -R40(0)C(R3)CR5R6 and -R4CO2C(R3)0,
wherein R3, R5 and R6 are independent from one another one of
hydrogen, an aliphatic group with a main chain having 1 to about 20
carbon atoms, an 15  alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about
3 heteroatoms independently selected from the group consisting of N,
0, S, Se and Si, R4 is one of an aliphatic bridge with a main chain
having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic
bridge, an arylaliphatic bridge and an 20arylalicyclic bridge,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si, X is halogen, R3 is one of
-C(OF)R1R2 and -000R14, wherein R1, R2 and R14 are independent from
one another one of hydrogen, an aliphatic group with a main chain
having 1 to 25  about 20 carbon atoms, an alicyclic group, an
aromatic group, an arylaliphatic group and an arylalicyclic group,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si, with the proviso that the
following compound is excluded:  91    2.The compound of claim 1,
wherein R3 is -000R14, R14 being alkyl or a protecting group that is
removable in the presence of R by hydrogenolysisl. 103.A
hexahydropyrrolo[2,3-b] indole compound of Formula (VII) 



wherein R is one of -COOR3, -R4COOR3, -R4CHO, -R4COR3, -R400NR5R6,
-R4C0X, -R4OP(=0)(OH)2,, -R4P(=0)(OH)2), -R4C(0)C(R3)CR5R6 and
-R4CO2C(R3)0, 15 wherein R3, R5 and R6 are independent from one
another one of hydrogen, an aliphatic group with a main chain having
1 to about 20 carbon atoms, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about
3 heteroatoms independently selected from the group consisting of N,
0, S, Se and Si, R4 is one of an aliphatic bridge with a main chain
20 having 1 to about 20 carbon atoms, an alicyclic bridge, an
aromatic bridge, an arylaliphatic bridge and an arylalicyclic bridge,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si, X is halogen, and  92 R1 and
R2 are independent from one another one of hydrogen, an aliphatic
group with a main chain having 1 to about 20 carbon atoms, an
alicyclic group, an aromatic group, an aryialiphatic group and an
arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S, Se and
Si, 4. The compound of claim 3 wherein R1 and R2 are identical. 5. A
compound of Formula (VIII)  the compound having a bowl-shaped
conformation, 15wherein M is a metal selected from the group
consisting of Group 1 to Group 14 metals, lanthanides and actinides,
wherein R is one of -COOR3, -R4COOR3, -R4CF10, -R4COR3. -124CONR6R6,
-R400X, -R4OP(=0)(0E)2" -R4P(=0)(01-)2), -R4C(0)C(R3)CR6R6 and
R4CO2C(R3)0, wherein R3, R6 and R6 are independent from one another
one of hydrogen, an aliphatic 20 group with a main chain haying 1 to
about 20 carbon atoms, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about
3 heteroatoms independently selected from the group consisting of N,
0, S, Se and Si, R4 is one of an aliphatic bridge with a main chain
haying 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic
bridge, an aryialiphatic bridge and an 25arylalicyclic bridge,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, 3, Se and Si, X is halogen, and R1 and R2
are independent from one another one of hydrogen, an aliphatic group
with a main chain having 1 to about 20 carbon atoms, an alicyclic
group, an aromatic group, an arylaliphatic group and an aryialicyclic
group, comprising 0 to  93 about 3 heteroatoms independently selected
from the group consisting of N, 0, S, Se and Si. 6.A compound of
Formula (IX)    the compound having an S-shaped conformation, wherein
M is a metal selected from the group consisting of Group 1 to Group
14 metals, lanthanides and actinides, 



R is one of -COOR3, -R4COOR3, -R4CHO, -R4COR3, -R400NR5R6, -R4C0X, -
10 R4OP(=0)(OH)2,,-R4P(=0)(OH)2), -R4C(0)C(R3)CR5R6 and -R4CO2C(R3)0,
wherein R3, R5 and R6 are independent from one another one of
hydrogen, an aliphatic group with a main chain having 1 to about 20
carbon atoms, an alicyclic group, an aromatic group, an arylaliphatic
group and an arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S, 15 Se
and Si, R4 is one of an aliphatic bridge with a main chain having 1
to about 20 carbon atoms, an alicyclic bridge, an aromatic bridge, an
arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to
about 3 heteroatoms independently selected from the group consisting
of N, 0, S, Se and Si, X is halogen, and R1 and R2 are independent
from one another one of hydrogen, an aliphatic group 20 with a main
chain having 1 to about 20 carbon atoms, an alicyclic group, an
aromatic group, an arylaliphatic group and an arylalicyclic group,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si. 7. The compound of claims 5
or 6, wherein the metal M is selected from the group 25consisting of
Boron, Aluminum, Zinc, Tin, Titanium, Zirconium, Indium, Copper,
Iridium, and Lanthanum. 8. A compound of Formula (VI)  94    R
wherein R is one of -000R3, -R4COOR3, -R4CHO, -R4COR3, -R4CONR5R6,
-R4C0X,  5 -R4OP(=0)(OH)2,, -R4P(=0)(OH)2), -R4C(0)C(R3)CR5R6 and
-R4CO2C(R3)0, wherein R3, R5 and R6 are independent from one another
one of hydrogen, an aliphatic group with a main chain having 1 to
about 20 carbon atoms, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about
3 heteroatoms independently selected from the group consisting of N,
0, S,  10 Se and Si, R4 is one of an aliphatic bridge with a main
chain having 1 to about 20 carbon atoms, an alicyclic bridge, an
aromatic bridge, an arylaliphatic bridge and an arylalicyclic bridge,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si, X is halogen, and IR6 is
alkyl. 159.A compound of Formula (IV)    R wherein R is one of
-COOR3, -R4COOR3, -R4CHO, -R4COR3, -R4CONR5R6, -R400X,
-R4OP(=0)(OH)2,,-R4P(=0)(OH)2), -R40(0)C(R3)CR5R6 and -R4CO2C(R3)0,
wherein 20 R3, R5 and R5 are independent from one another one of
hydrogen, an aliphatic group with a main chain having 1 to about 20
carbon atoms, an alicyclic group, an aromatic group, an arylaliphatic
group and an arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S,  95 Se
and Si, R4 is one of an aliphatic bridge with a main chain having 1
to about 20 carbon atoms, an alicyclic bridge, an aromatic bridge, an
arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to
about 3 heteroatoms independently selected from the group consisting
of N, 0, S, Se and Si, X is halogen, 5Y is a nitrogen protecting
group, R9 is alkyl, 



with the proviso that the following compound is excluded:
10. The compound of claim 9, wherein Y is removable by
hydrogenolysis.          11. The compound of any one of claims 3 to
10, wherein R9 is (C1-C10) alkyl. 1512. A compound of Formula (IVA)
wherein R is one of -COOR3, -R4COOR3, -R4CHO, -R4COR3, -R400NR5R6,
-R400X,-R4OP(=0)(OH)2,, -R4P(=0)(OH)2),-R4C(0)C(R3)CR5R6and
20-R4CO2C(R3)0, wherein R3, R5 and R6 are independent from one
another one of hydrogen, an aliphatic group with a main chain having
1 to about 20 carbon atoms, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about
3 heteroatoms independently selected from the 25group consisting of
N, 0, S, Se and Si, R4 is one of an aliphatic bridge with a  96 main
chain having 1 to about 20 carbon atoms, an alicyclic bridge, an
aromatic bridge, an arylaliphatic bridge and an arylalicyclic bridge,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si, Xis halogen, 5Y is a nitrogen
protecting group, and R16 is a protecting group that is removable in
the presence of R by hydrogenolysis. 13. The compound of claim 12,
wherein Y is removable by hydrogenolysis. 14. The compound of claims
12 or 13, wherein R is aryl-methylenyl. 15. The compound of any one
of claims 9 - 14, wherein the nitrogen protecting group Y  10 is one
of alkoxycarbonyl, benzhydryl, trifluoroacetyl, t-butoxycarbonyl, a
carbamate, an amide, a cyclic imide, an N-Alkyl amine, an N-Aryl
amine, an imine, and an enamine. 16. A compound of Formula (VIA)    R
15wherein R is one of -COOR3, -R4COOR3, -R4CHO, -R4COR3, -R4CONR5R6,
-R4C0X, -R4OP(=0)(OH)2" -R49=0)(0F)2), -R4C(0)C(R3)CR5R6 and
-R4CO2C(R3)0, wherein R3, R5 and R6 are independent from one another
one of hydrogen, an aliphatic group with a main chain having 1 to
about 20 carbon atoms, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to 20
about 3 heteroatoms independently selected from the group consisting
of N, 0, S, Se and Si, R4 is one of an aliphatic bridge with a main
chain having 1 to about 20 carbon atoms, an alicyclic bridge, an
aromatic bridge, an arylaliphatic bridge and an arylalicyclic bridge,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si and X is halogen. 



97    wherein R is one of -COOR3, -R4000R3, -R4CHO, -R400R3,
-R4CONR6R6, -R4C0X,-R4OP(=0)(OH)2,,
-R4P(=0)(OH)2),-R4C(0)C(R3)CR6R6and -R4CO2C(R3)0, wherein R3, R5 and
R6 are independent from one another one of  5 hydrogen, an aliphatic
group with a main chain having 1 to about 20 carbon atoms, an
alicyclic group, an aromatic group, an arylaliphatic group and an
arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S, Se and
Si, R4 is one of an aliphatic bridge with a main chain having 1 to
about 20 carbon atoms, an alicyclic bridge, an  10 aromatic bridge,
an arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to
about 3 heteroatoms independently selected from the group consisting
of N, 0, S, Se and Si, X is halogen, and R9 is alkyl; the method
comprising providing a compound of Formula (IV)    wherein in Formula
(IV) R is one of -000R3, -R4000R3, -R4CHO, -R4COR3, -R4CONR3R6,
-R4C0X, - R4OP(=0)(OH)2,, -R4P(=0)(OH)2), -R4C(0)C(R3)CR6R6 and
-R4CO2C(R3)0, 20wherein R3, R5 and R9 are independent from one
another one of hydrogen, an aliphatic group with a main chain having
1 to about 20 carbon atoms, an alicyclic  98 group, an aromatic
group, an arylaliphatic group and an arylalicyclic group, comprising
0 to about 3 heteroatoms independently selected from the group
consisting of N, 0, S, Se and Si, R4 is one of an aliphatic bridge
with a main chain having Ito about 20 carbon atoms, an alicyclic
bridge, an aromatic bridge, 5  an arylaliphatic bridge and an
arylalicyclic bridge, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S, Se and
Si, X is halogen, Y is a nitrogen protecting group that is removable
by hydrogenolysis, and R9 is alkyl; and 10exposing the compound of
Formula (IV) to H2 in the presence of a Pd/C catalyst, thereby
allowing the deprotection of the Na group of compound (IV). 18. The
method of claim 17, wherein providing the compound of Formula (IV)
comprises: contacting a compound of Formula (III)   



with an acyl halide RCOX in the presence of an alkali base, wherein
in Formula (III) Y is a nitrogen protecting group that is removable
by hydrogenolysis, and R9 is alkyl. 2019. A method of forming a
compound of Formula (VIA)  99    R wherein R is one of -COOR3,
-R4COOR3, -R4CHO, -R4COR3, -R4CONR5R6,
-R4C0X,-R4OP(=0)(OH)1,-R4P(=0)(OH)2),-R4C(0)C(R3)CR5R6and
-R4CO2C(R3)0, wherein R3, R5 and R6 are independent from one another
one of  5 hydrogen, an aliphatic group with a main chain having 1 to
about 20 carbon atoms, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about
3 heteroatoms independently selected from the group consisting of N,
0, S, Se and Si, R4 is one of an aliphatic bridge with a main chain
having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic
bridge,  10 an arylaliphatic bridge and an arylalicyclic bridge,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si, and X is halogen, the method
comprising providing a compound of Formula (IVA) 15 wherein in
Formula (IVA) R is one of -000R3, -R4COOR3, -R4CHO, -R400R3,
-R400NR5R6, -R400X, -R4OP(=0)(OH)2" -R4P(=0)(OH)2), -R4C(0)C(R3)CR5R6
and -R4CO2C(R3)0, wherein R3, R5 and R6 are independent from one
another one of hydrogen, an 20 aliphatic group with a main chain
having 1 to about 20 carbon atoms, an alicyclic group, an aromatic
group, an arylaliphatic group and an arylalicyclic group, comprising
0 to about 3 heteroatoms independently selected from the group  100
consisting of N, 0, S, Se and Si, R4 is one of an aliphatic bridge
with a main chain having 1 to about 20 carbon atoms, an alicyclic
bridge, an aromatic bridge, an arylaliphatic bridge and an
arylalicyclic bridge, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S, Se and
5Si, X is halogen, Y is a nitrogen protecting group that is removable
by hydrogenolysis, and R1 is a protecting group that is removable in
the presence of R by hydrogenolysis; and        exposing the compound
of Formula (IVA) to H2 in the presence of a suitable 10catalyst,
thereby (i) allowing the deprotection of the Na group of compound
(IVA) and (ii) allowing the cleavage of the ester bond to moiety R1
of compound (IVA) 



20. The method of claim 19, wherein R1 is aryl-methylenyl. 21. The
method of claims 19 or 20, wherein providing the compound of Formula
(IVA) comprises contacting a compound of Formula (IIIA)    with an
acyl halide RCOX in the presence of an alkali base, wherein in
Formula (III) Y is a nitrogen protecting group that is removable by
hydrogenolysis, and              R1 is a protecting group that is
removable in the presence of R in a compound of 20Formula (IVA) by
hydrogenolysis. 22. A method of preparing a compound of Formula (VII)
101 R1 OH NH(/11) 'H wherein R is one of -000R3, -R4000R3, -R4CHO,
-R4COR3, -R4CONR5R6, -R4C0X, -R4OP(=0)(OH)2" -R4P(=0)(OH)2),
-R4C(0)C(R3)CR5R6 and -R4CO2C(R3)0, wherein R3, R5 and R6 are
independent from one another one of  5 hydrogen, an aliphatic group
with a main chain having 1 to about 20 carbon atoms, an alicyclic
group, an aromatic group, an arylaliphatic group and an arylalicyclic
group, comprising 0 to about 3 heteroatoms independently selected
from the group consisting of N, 0, S, Se and Si, R4 is one of an
aliphatic bridge with a main chain having 1 to about 20 carbon atoms,
an alicyclic bridge, an  10 aromatic bridge, an arylaliphatic bridge
and an arylalicyclic bridge, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S, Se and
Si, Xis halogen, and R1 and R2 are independent from one another one
of hydrogen, an aliphatic group with a main chain having 1 to about
20 carbon atoms, an alicyclic group, an  15 aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about
3 heteroatoms independently selected from the group consisting of N,
0, S, Se and Si; the method comprising reacting a compound of Formula
(VI)  102 a main chain having 1 to about 20 carbon atoms, an
alicyclic group, an aromatic group, an arylaliphatic group and an
arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S, Se and
Si; 5wherein in Formula VI, R is one of -COOR3, -R4COOR3, -R4CHO,
-R400R3, -R400NR5R6, -R4C0X, -R4OP(=0)(OH)2,, -R4P(=0)(0F)2).
-R4C(0)C(R3)CR5R6 and -R4CO2C(R3)0, wherein R3, R5 and R6 are
independent from one another one of hydrogen, an aliphatic group with
a main chain having Ito about 20 carbon atoms, an alicyclic 10 group,
an aromatic group, an arylaliphatic group and an arylalicyclic group,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si, R4 is one of an aliphatic
bridge with a main chain having 1 to about 20 carbon atoms, an
alicyclic bridge, an aromatic bridge, an arylaliphatic bridge and an
arylalicyclic bridge, comprising 0 to about 3 15heteroatoms
independently selected from the group consisting of N, 0, S, Se and
Si, X is halogen, and R9 is alkyl. 23. The method of claim 22,
wherein R1 and R2 are identical. 



24. A method of preparing a compound of Formula (IV) 20  wherein R is
one of -COOR3, -R4COOR3, -R4CHO, -R400R3, -R4CONR5R6,
-R4C0X,-R4OP(=0)(OH)2,, -R4P(=0)(OH)2),-R4C(0)C(R3)CR5R6and 25
-R4CO2C(R3)0, wherein R3, R5 and R6 are independent from one another
one of hydrogen, an aliphatic group with a main chain having 1 to
about 20 carbon atoms, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about
3 heteroatoms independently selected from the group consisting of N,
0, S, Se and Si, R4 is one of an aliphatic bridge  103 with a main
chain having 1 to about 20 carbon atoms, an alicyclic bridge, an
aromatic bridge, an arylaliphatic bridge and an arylalicyclic bridge,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si, X is halogen, 5Y is a
nitrogen protecting group, and R9 is alkyl; the method comprising
contacting a compound of Formula (III) COOR9        with an acyl
halide RCOX in the presence of an alkali base, 10wherein in Formula
(ROY is a nitrogen protecting group, and R9 is alkyl. 25. A method of
preparing a compound of Formula (IVA)    15wherein R is one of
-COOR3, -R4COOR3,-R400R3, -R4CONR5R6, -R400X, -R4OP(=0)(OH)2,,
-R4P(=0)(OH)2), -R4C(0)C(R3)CR5R6 and -R4CO2C(R3)0, wherein R3, R5
and R6 are independent from one another one of hydrogen, an aliphatic
group with a main chain having 1 to about 20 carbon atoms, an
alicyclic group, an aromatic group, an arylaliphatic group and an 20
arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S, Se and
Si, R4 is one of an aliphatic bridge with a main chain having 1 to
about 20 carbon atoms, an alicyclic bridge, an  104 aromatic bridge,
an arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to
about 3 heteroatoms independently selected from the group consisting
of N, 0, S, Se and Si, Xis halogen, Y is a nitrogen protecting group,
and 5R1 is a protecting group that is removable in the presence of R
by hydrogenolysis; the method comprising contacting a compound of
Formula (III A)   



with an acyl halide RCOX in the presence of an alkali base, 10wherein
in Formula (III A) Y is a nitrogen protecting group that is removable
by hydrogenolysis, and R1 is a protecting group that is removable in
the presence of R by hydrogenolysis.   26. The method of claim 23,
wherein R1 is aryl-methylenyl   27. The method of any of claims 22 to
24, wherein the nitrogen protecting group Y is 15one of
alkoxycarbonyl, benzhydryl, trifluoroacetyl, t-butoxycarbonyl, a
carbamate, an amide, a cyclic imide, an N-Alkyl amine, an N-Aryl
amine, an imine, and an enamine.   28. The method of any of claims 24
to 27, wherein the alkali base is sodium carbonate.  29. The method
of any one of the claims 18, 21, 24 and 25, wherein the compound of
Formula (Ill) or the compound of Formula (III A) is prepared by a
process that 20comprises an acid catalyzed cyclization of an
Na-protected-tryptophan alkyl ester.  105 31. A method of preparing a
compound of Formula (VIII)    wherein M is a metal selected from the
group consisting of Group 1 to Group 14 metals, lanthanides and
actinides, 5R is one of -COOR3, -R4COOR3, -R4CHO, -R4COR3,
-R4CONR5R6, -R400X, -R4OP(=0)(OH)2" -R4P(=0)(OH)2), -R4C(0)C(R3)CR5R6
and -R4CO2C(R3)0, wherein R3, R5 and R6 are independent from one
another one of hydrogen, an aliphatic group with a main chain having
1 to about 20 carbon atoms, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic 10 group, comprising 0 to
about 3 heteroatoms independently selected from the group consisting
of N, 0, S, Se and Si, R4 is one of an aliphatic bridge with a main
chain having 1 to about 20 carbon atoms, an alicyclic bridge, an
aromatic bridge, an arylaliphatic bridge and an arylalicyclic bridge,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se 15and Si, Xis halogen, and R1 and R2
are independent from one another one of hydrogen, an aliphatic group
with a main chain having 1 to about 20 carbon atoms, an alicyclic
group, an aromatic group, an arylaliphatic group and an arylalicyclic
group, comprising 0 to about 3 heteroatoms independently selected
from the group consisting of N, 0, S, 20Se and Si; the method
comprising reacting a compound of Formula (VII)  106  R with a metal
compound selected from the group consisting of Group 1 to Group 14
metals, lanthanides and actinides, wherein in Formula VII 5R is one
of -COOR3, -R4000R3, -R4CHO, -R4COR3, -R4CONR5R6, -R4C0X, 



-R4OP(=0)(OH)2" -R4P(=0)(OH)2), -R4C(0)C(R2)CR5R6 and -R4CO2C(R3)0,
wherein R3, R5 and R6 are independent from one another one of
hydrogen, an aliphatic group with a main chain having 1 to about 20
carbon atoms, an alicyclic group, an aromatic group, an arylaliphatic
group and an arylalicyclic  10 group, comprising 0 to about 3
heteroatoms independently selected from the group consisting of N, 0,
S, Se and Si, R4 is one of an aliphatic bridge with a main chain
having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic
bridge, an arylaliphatic bridge and an arylalicyclic bridge,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se 15and Si, Xis halogen, and 1:24 and
R2 are independent from one another one of hydrogen, an aliphatic
group with a main chain having 1 to about 20 carbon atoms, an
alicyclic group, an aromatic group, an arylaliphatic group and an
arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S, 20Se and
Si. 32. A method of preparing a compound of Formula (IX)   107
wherein M is a metal selected from the group consisting of Group 1 to
Group 14 metals, lanthanides and actinides, R is one of -000R3,
-R4COOR3, -R4CHO, -R4COR3, -R4CONR5R6, -R4C0X, -R4OP(=0)(OH)2"
-R4P(=0)(OH)2), -R4C(0)C(R3)CR5R6 and -R4CO2C(R3)0, 5wherein R3, R5
and R6 are independent from one another one of hydrogen, an aliphatic
group with a main chain having 1 to about 20 carbon atoms, an
alicyclic group, an aromatic group, an arylaliphatic group and an
arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S, Se and
Si, R4 is one of an aliphatic bridge with a 10  main chain having 1
to about 20 carbon atoms, an alicyclic bridge, an aromatic bridge, an
arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to
about 3 heteroatoms independently selected from the group consisting
of N, 0, S, Se and Si, X is halogen, and R1 and R2 are independent
from one another one of hydrogen, an aliphatic group 15  with a main
chain having 1 to about 20 carbon atoms, an alicyclic group, an
aromatic group, an arylaliphatic group and an arylalicyclic group,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si; the method comprising
reacting a compound of Formula (VII) 20  with a metal compound
selected from the group consisting of Group 1 to Group 14 metals,
lanthanides and actinides, wherein in Formula VII 25R is one of
-COOR3, -R4COOR3, -R4CHO, -R400R3, -R400NR5R6, -R4C0X,
-R4OP(=0)(OH)2" -R4P(=0)(OH)2), -R4C(0)C(R3)CR5R6 and -R4CO2C(R3)0,
wherein R3, R5 and R6 are independent from one another one of
hydrogen, an  108 aliphatic group with a main chain having 1 to about
20 carbon atoms, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about
3 heteroatoms independently selected from the group consisting of N,
0, S, Se and Si, R4 is one of an aliphatic bridge with a main  5
chain having 1 to about 20 carbon atoms, an alicyclic bridge, an
aromatic bridge, an arylaliphatic bridge and an arylalicyclic bridge,
comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, 0, S, Se and Si, X is halogen, and 



R1 and R2 are independent from one another one of hydrogen, an
aliphatic group  10 with a main chain having 1 to about 20 carbon
atoms, an alicyclic group, an aromatic group, an arylaliphatic group
and an arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, 0, S, Se and
Si.          33. The method of claims 31 or 32, wherein the metal
compound M is selected from the 15group consisting of BH3, B2H6,
B31-13, B10F114, AlC13, ZnCl2, Zn(0Tf)2, ZnEt2, SnCl2, TiCI4,
Ti(Oi-Pr)4, Cp2TiCl2, ZrC14, Cp2ZrCl2, lnCl3, In(0Tf)3, Cu(OAc)2,
(IrCp*C12)23 (Ir(COD)C1)2, LnCI3, and LnCp2C12. 34. The use of the
compound of any one of claims 1 to 9, 15 and 16 as a ligand for
asymmetric catalysis. 2035. The use of claim 34, wherein the compound
is one of claims 3 to 9 or 12, as a ligand for asymmetric reduction
of a ketone. 36. The use of claim 34, wherein the compound is a
compound of claim 13, as a ligand for the asymmetric formation of a
covalent bond in a Michael addition. 37. The use of claim 36, further
comprising the use of a basic cocatalyst. 2538. The use of claims 36
or 37, wherein the Michael addition is carried out in an alcohol
solvent or in an aqueous phase. 39. The use of any one of claims 36 -
38, wherein the Michael donor in the Michael addition is an aldehyde.
40. The use of any one of claims 36 - 39, wherein the Michael
acceptor in the Michael 30addition is a nitro group or a sulphonyl
group. 






