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CHEMOKINE RECEPTOR ANTAGONISTS
AND METHODS OF USE THEREFOR

10

BACKGROUND OF THE INVENTION

Chemoattractant cytokines or chemokines are a family of promflammatory

15 mediators that promote recruitment and activation of multiple lineages of leukocytes

and lymphocytes. They can be released by many kinds of tissue cells after activation.

Continuous release of chemokines at sites of inflammation mediates the ongoing
migration of effector cells in chronic inflammation. The chemokines characterized to

date are related in primary structure. They share four conserved cysteines, which

20 form disulfide bonds. Based upon this conserved cysteine motif, the family 1s
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divided into two main branches, designated as the C-X-C chemokines
(a-chemokines), and the C-C chemokines (f-chemokines), in which the first two
conserved cystemes are separated by an intervening residue, or adjacent respectively
(Baggiolini, M. and Dahinden, C. A., Immunology Today, 15:127-133 (1994)).

The C-X-C chemokines include a number of potent chemoattractants and
activators of neutrophils, such as interleukin 8 (IL-8), PF4 and neutrophil-activating
peptide-2 (NAP-2). The C-C chemokines include RANTES (Regulated on
Activation, Normal T Expressed and Secreted), the macrophage inflammatory
proteins la and 13 (MIP-1a and MIP-1p), eotaxin and human monocyte chemotactic
protens 1-3 (MCP-1, MCP-2, MCP-3), which have been characterized as
chemoattractants and activators of monocytes or lymphocytes but do not appear to
be chemoattractants for neutrophils. Chemokines, such as RANTES and MIP-1 o,
have been implicated 1n a wide range of human acute and chronic inflammatory
diseases including respiratory diseases, such as asthma and allergic disorders.

T'he chemokine receptors are members of a superfamily of G protein-coupled
receptors (GPCR) which share structural features that reflect a common mechanism
ot action of signal transduction (Gerard, C. and Gerard, N.P., Annu Rev. Immunol.,
12:775-808 (1994); Gerard, C. and Gerard, N. P., Curr. Opin. Immunol., 6:140-145
(1994)). Conserved features include seven hydrophobic domains spanning the
plasma membrane, which are connected by hydrophilic extracellular and
intracellular loops. The majority of the primary sequence homology occurs in the
hydrophobic transmembrane regions with the hydrophilic regions being more
diverse. The first receptor for the C-C chemokines that was cloned and expressed
binds the chemokines MIP-1a and RANTES. Accordingly, this MIP-1a/RANTES
receptor was designated C-C chemokine receptor 1 (also referred to as CCR-1;
Neote, K., et al., Cell, 72:415-425 (1993); Horuk, R. et al., WO 94/11504, May 26,
1994; Gao, J.-l. et al., J. Exp. Med., 177:1421-1427 (1993)). Three receptors have
been characterized which bind and/or signal in response to RANTES: CCR3
mediates binding and signaling of chemokines including eotaxin, RANTES, and
MCP-3 (Ponath et al., J. Exp. Med., 183:2437 (1996)), CCR4 binds chemokines
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including RANTES, MIP-1e, and MCP-1 (Power, et al., J. Biol. Chem., 270:19495
(1995)), and CCRS binds chemokines including MIP-1a, RANTES, and MIP-1f
(Samson, et al., Biochem. 35: 3362-3367 (1996)). RANTES is a chemotactic
chemokine for a vanety of cell types, including monocytes, eosinophils, and a subset
5 of T-cells. The responses of these different cells may not all be mediated by the
same receptor, and 1t 1s possible that the receptors CCR1, CCR4 and CCRS5 will
show some selectivity 1n receptor distribution and function between leukocyte types,
as has already been shown for CCR3 (Ponath ef al.). In particular, the ability of
RANTES to mduce the directed migration of monocytes and a memory population
10  of circulating T-cells (Schall, T. et al., Nature, 347:669-71 (1990)) suggests this
chemokine and 1ts recepfor(s) may play a critical role in chronic inflammatory
diseases, since these diseases are characterized by destructive infiltrates of T cells
and monocytes.
Many existing drugs have been developed as antagonists of the receptors for
15 bilogenic amines, for example, as antagoﬁists of the dopamine and histamine
receptors. No successful antagonists have yet been developed to the receptors for
the larger proteins such as chemokines and C5a. Small molecule antagonists of the
interaction between C-C chemokine receptors and their ligands, including RANTES
and MIP-1c«, would provide compounds useful for inhibiting harmful inflammatory
20  processes “triggered” by receptor ligand interaction, as well as valuable tools for the

investigation of receptor-ligand interactions.

SUMMARY OF THE INVENTION
It has now been found that a class of small organic molecules are antagonists of
25 chemokine receptor function and can inhibit leukocyte activation and/or recruitment.
An antagonist of chemokine receptor function is a molecule which can inhibit the
binding and/or activation of one or more chemokines, including C-C chemokines
such as RANTES, MIP-1a, MCP-2, MCP-3 and MCP-4 to one or more chemokine
receptors on leukocytes and/or other cell types. As a consequence, processes and

30  cellular responses mediated by chemokine receptors can be inhibited with these
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small organic molecules. Based on this discovery, a method of treating a disease
associated with aberrant leukocyte recruitment and/or activation is disclosed as well
as a method of treating a disease mediated by chemokine receptor function. The
method comprises administering to a subject in need an effective amount of a

> compound or small organic molecule which is an antagonist of chemokine receptor
function. Compounds or small organic molecules which have been identified as
antagonists of chemokine receptor function are discussed in detail hereinbelow, and
can be used for the manufacture of a medicament for treating or for preventing a
disease associated with aberrant leukocyte recruitment and/or activation. In one

10 aspect, the compound has the formula:

70
R R?l

1

or a physiologically acceptable salt thereof, wherein Z, n, M, R, R”!, R’ and R are
as described herein.
The 1invention also relates to the disclosed compounds and small organic
15 molecules for use in treating or preventing a disease assoctated with aberrant
leukocyte recruitment and/or activation. The invention also includes pharmaceutical
compositions comprising one or more of the compounds or small organic molecules
which have been identified herein as antagonists of chemokine function and a
suitable pharmaceutical carrier. The invention further relates to novel compounds
20  which can be used to treat an individual with a disease associated with aberrant

leukocyte recruitment and/or activation and methods for their preparation.




CA 02467672 2004-05-18

WO 03/045942 PCT/US02/369353

10

15

20

25

30

_5.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a schematic showing the preparation of the compounds represented
by Structural Formula ().

Figure 2 1s a schematic showing the preparation of the compounds represented
by Compound (VI-b).

Figure 3 1s a schematic showing the preparation of the compounds represented
by Structural Formula (I)

Figure 4 1s a schematic showing the preparation of the compounds represented
by Structural Formula (I), wherein Z 1s represented by Structural Formula (II) and
wherein Ring A and/or Ring B in Z is substituted with R*.

Figure 5 1s a schematic showing the preparation of the compounds represented
by Structural Formula (I), wheremn Z 1s represented by Structural Formula (III) and
wherein Ring A and/or Ring B in Z is substituted with -(O) -(CH,),-COOR?,
-(0),-(CH,),-OC(O)R?, -(0),-(CH,)-C(0)-NR*'R* or -(0),-(CH,)-NHC(0O)O-R%.

Figures 6 A-6Z show the structures of exemplary compounds of the present
mvention.

Figure 7 shows the preparation of compounds represented by Structural
Formula (I), where 1n Z 1s represented by Structural Formulas (III) and wherein Ring
A or Ring B in Z is substituted with R*.

Figure 8A 1s a schematic showing the preparation of 4-(4-chlorophenyl)-4-
fluoropipendine.

Figure &B is a schematic showing the preparation of 4-4-azido-4-(4-
chlorophenyl)piperidine.

Figure 8C 1s a schematic showing the preparation of 4-(4-chlorophenyl)-4-
methylpiperidine.

Figure 9A 1s a schematic showing the preparation of compounds represented
by Structural Formulas (I), (VIII) and (VIII) wherein R' is an amine.

Figure 9B is a schematic showing the preparation of compounds represented
by Structural Formulas (I), (VIII) and (VIII) wherein R’ is an alkylamine.

Figure 9C is a schematic showing the preparation of 2-(4-chlorophenyl)-1-(N-
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methyl)ethylamine.

Figure 9D is a schematic showing the preparation of 3-(4-chlorophenyl)-3-
chloro-1-hydroxypropane.

Figure 9E 1s a schematic showing the preparation of 3-(4-chlorophenyl)-1-/N-

5 methylaminopropane.

Figure 10A 1s a schematic showing the preparation of 3-(4-chlorophenyl)-3-
hydroxyl-3-methyl-1-N-methylaminopropane.

Figure 10B 1s a schematic showing the preparation-of 1-(4-chlorobenzoyl)-1,3-
propylenediamine.

10 Figure 10C 1s a schematic showing three procedures for the preparation of
compounds represented by Structural Formulas (I),(VII), (VIII), (IX) and (XI)
wherein Z 1s represented by Structural Formula (III) and wherein Ring A or Ring B
in Z is substituted with R®. In Figure 10C, R* is represented by -(0) -(CH,),-C(O)-
NR?'R*, u is one, t is zero.

15 Figure 10D 1s a schematic showing the preparation of 4-(4-chlorophenyl)-4-
pyridine.

Figures 11A-11T show the structures of exemplary compounds of the present
ivention.

Figure 12 1s a schematic showing preparation of compounds of formula (VI-

20 c¢).
Figure 13 1s a schematic showing preparation of compounds of formula (VI-
e).
Figure 14 is a schematic showing a procedure for the preparation of Examples
434 and 435.
25 Figure 15 1s a schematic showing a procedure for the preparation of Examples
436-438.

Figure 16 1s a schematic showing a procedure for the preparation of
compounds of formula (I-1).

Figure 17 is a schematic showing a procedure for the preparation of Examples

30 441 and 442.
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Figure 18 is a schematic showing a procedure for the preparation of Example
443,
Figure 19 is a schematic showing a procedure for the preparation of Examples

315, 455, 338 and 446.

Figures 20-28 show the structures of exemplary compounds of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to small molecule compounds which are
modulators of chemokine receptor function. In a preferred embodiment, the small
molecule compounds are antagonists of chemokine receptor function. Accordingly,
processes or cellular responses mediated By the binding of a chemokine to a receptor
can be inhibited (reduced or prevented, in whole or in part), including leukocyte |
migration, integrin activation, transient increases in the concentration of intracellular
free calcium [Ca™]., and/or granule release of proinflammatory mediators.

The 1invention further relates to a method of treatment, including prophylactic
and therapeutic treatments, of a disease associated with aberrant leukocyte
recruitment and/or activation or mediated by chemokines or chemokine receptor
function, including chronic inflammatory disorders characterized by the presence of
RANTES, MIP-1a, MCP-2, MCP-3 and/or MCP-4 responsive T cells, monocytes
and/or eosinophils, including but not imited to diseases such as arthritis (e.g.,
rheumatoid arthritis), atherosclerosis, arteriosclerosis, restenosis,
1Ischemia/reperfusion injury, diabetes mellitus (e.g., type 1 diabetes mellitus),
psoriasis, multiple sclerosts, inflammatory bowel diseases such as ulcerative colitis
and Crohn’s disease, rejection of transplanted organs and tissues (1.e., acute allograft
rejection, chronic allograft rejection), graft versus host disease, as well as allergies
and asthma. Other diseases associated with aberrant leukocyte recruitment and/or
activation which can be treated (including prophylactic treatments) with the methods
disclosed herein are inflammatory diseases associated with Human
Immunodeficiency Virus (HIV) infection, e.g., AIDS associated encephalitis, AIDS

related maculopapular skin eruption, AIDS related interstitial pneumonia, AIDS
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related enteropathy, AIDS related periportal hepatic inflammation and AIDS related
glomerulo nephritis. The method comprises administering to the subject in need of
treatment an effective amount of a compound (1.e., one or more compounds) which
inhibits chemokine receptor function, inhibits the binding of a chemokine to
5 leukocytes and/or other cell types, and/or which inhibits leukocyte migration to,

and/or activation at, sites of inflammation.

The invention further relates to methods of antagonizing a chemokine
receptor, such as CCR1, in a mammal comprising administering to the mammal a
compound as described herein.

10 According to the method, chemokine-mediated chemotaxis and/or activation
of pro-inflammatory cells bearing receptors for chemokines can be inhibited. As
used herein, “pro-inﬂammatofy cells” includes but 1s not limited to leukocytes, since
chemokine receptors can be expressed on other cell types, such as neurons and
epithelial cells.

15 While not wishing to be bound by any particular theory or mechanism, it 1s
believed that compounds of the invention are antagonists of the chemokine receptor
CCR1, and that therapeutic benefits derived from the method of the invention are the
result of antagonism of CCR1 function. Thus, the method and compounds of the
invention can be used to treat a medical condition involving cells which express

20 CCRI1 on their surface and which respond to signals transduced through CCR1, as
well as the specific conditions recited above.

In one embodiment, the antagonist of chemokine receptor function 1s

represented by Structural Formula (I):

25 Z:‘—LLL\ /——\
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(D)

and physiologically acceptable salts thereof.

Z 1s a cycloalkyl or non-aromatic heterocyclic ring group fused to one, two or
more aromatic rings, wherein each ring in Z 1s independently substituted or

> unsubstituted.

n 1s an integer, such as an integer from one to four. Preferably, n 1s one, two
or three. More preferably n 1s two. In alternative embodiments, other aliphatic or
aromatic spacer groups (L) can be employed for (CH,)..

M is >NR* or >CR'R%. M is preferably >C(OH)R?.

10 R'is -H, -OH, -N,, a\halogen, an aliphatic group, a substituted aliphatic group,
an aminoalkyl group, -O-(aliphatic group), -O-(substituted aliphatic group), -SH,
-S-(aliphatic group), -S-(substituted aliphatic group), -OC(O)-(aliphatic group),
-0-C(O)-(substituted aliphatic group), -C(O)O-(aliphatic group), i
-C(0)O-(substituted aliphatic group), -COOH, -CN, -CO-NR’R*, -NR’R*; or R' can

15 be acovalent bond between the ring atom at M and an adjacent carbon atom in the
ring which contains M. R'is preferably -H or -OH.

R? is -H, -OH, a halogen, an acyl group, a substituted acyl group, -NR’R®, an
aliphatic group, a substituted aliphatic group, an aromatic group, a substituted
aromatic group, a benzyl group, a substituted benzyl group, a non-aromatic

20 heterocyclic group, a substituted non-aromatic heterocyclic group, -O-(substituted or
unsubstituted aromatic group), -O-(substituted or unsubstituted aliphatic group) or
-C(O)-(substituted or unsubstituted aromatic group) or -C(O)-(substituted or
unsubstituted aliphatic group). R’ is preferably an aromatic group or a substituted
aromatic group.

25 R’, R, R’ and R° are independently -H, an acyl group, a substituted acyl group,
an aliphatic group, a substituted aliphatic group, an aromatic group, a substituted
aromatic group, a benzyl group, a substituted benzyl group, a non-aromatic
heterocyclic group or a substituted non-aromatic heterocyclic group.

R' and R% R’ and R?, or R’ and R° taken together with the atom to which they
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are bonded, can alternatively form a substituted or unsubstituted non-aromatic

carbocyclic or heterocyclic ring.
In embodiments where M is >CR'R* and R' is a covalent bond between the
carbon atom at M and an adjacent carbon atom 1n the ring which contains M, the

5 antagonist of chemokine function can be represented by Structural Formula (Ia).

/N
—

£,

(Cszn_N C—R

7/

(1a)
Z, n and R? are as described in Structural Formula (I).
In one embodiment, Z 1s a tricyclic ring system comprising two carbocyclic

10 aromatic groups fused to a five, six, seven or eight membered cycloalkyl group or to

a non-aromatic heterocyclic ring. In one example, Z 1s represented by Structural

Formula (II):
Ve

(1)

15 The phenyl rings 1n Structural Formula (II), labeled with an “A” and ““B”, are
referred to herein as “Ring A” and “Ring B, respectively. The central ring, labeled
with a “C”, 1s referred to as “Ring C” and can be, for example, a five, six, seven or
eight membered non-aromatic carbocyclic ring (e.g., a cycloheptane or cyclooctane
ring) or a non-aromatic heterocyclic ring. When Ring C is a non-aromatic

20  heterocyclic ring, it can contain one or two heteroatoms such as nitrogen, sulfur or
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oxygen. In particular embodiments, Ring ¢ is When Z is represented by Structural
Formula (II), the tricyclic ring system can be connected to the remainder of the
molecule by a covalent double bond between a carbon atom in Ring C and the
carbon atom which, as depicted in Structural Formula (), 1s bonded to Z.

Ring A and/or Ring B in Structural Formula (II) can be unsubstituted.
Alternatively, Ring A and/or Ring B can have one or more substituents. Suitable
substituents are as described hereinbelow. In one example, Ring A or Ring B is
substituted with -(0),-(CH,)-C(O)ORZ, -(0),~(CH,).-OC(O)R?,
-(0),-(CH,),~-C(O)-NR*'R* or -(0),-(CH,)-NHC(O)O-R*.

1L 1S ZEro or one.

t 1s an integer, such as an integer from zero to three, and the methylene group -
(CH,),- can be substituted, as described herein for aliphatic groups, or unsubstituted.

R*°, R*' or R* are independently -H, an aliphatic group, a substituted aliphatic
group, an aromatic group, a substituted aromatic group or a non-aromatic
heterocyclic group. Alternatively, R*' and R*, taken together with the nitrogen atom
to which they are bonded, can form a non-aromatic heterocyclic ring.

Ring C optionally contains one or more substituents, as described
hereinbelow. Examples of suitable tricyclic ring systems, Z, are provided by

Structural Formula (II):

(1)
Ring A and Ring B 1n Structural Formula (IIT) are as described for Structural
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Formula (II).

X, 1s a bond, -O-, -S-, -CH,-, -CH,-CH,-, -CH,-S-, -S-CH,-,-O-CH,-, -CH,-0O-,
-NR .-CH,-, -CH,-NR _-, -SO-CH,-, -CH,-SO-, -S(0),-CH,-, -CH,-S(0),-, -CH=CH-,
-NR _-CO- or -CO-NR -. Preferably X, 1s -CH,-O-, -CH,-CH,-, -CH,-S- , -NR_-CO-
or -CO-NR_-.

R, 1s hydrogen, an aliphatic group, a substituted aliphatic group, an aromatic
group, a substituted aromatic group, a benzyl group or a substituted benzyl group.

In one example, R, is -(CH,).-COOR?*, -(CH,),-C(O)-NR*'R* or
-(CH,).-NHC(0)-O-R*, wherein s is an integer, such as an integer from one to three;

R, R’! and R are independently -H, an aliphatic group, a substituted
aliphatic group, an aromatic group, a substituted aromatic group or a non-aromatic
heterocyclic group. Alternatively, R*' and R, taken together with the nitrogen atom
to which they are bonded, form a non-aromatic heterocyclic ring.

Other examples of suitable tricyclic ring systems for Z include
benzodiazepines, benzooxazepines, benzooxazines, phenothiazines and groups

represented by the following structural formulas:
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In other embodiments, Z is a tricyclic ring system comprising two aromatic
groups fused to a seven or eight membered cycloalkyl group or to a non-aromatic
heterocyclic ring, wherein at least one of the aromatic groups is a heteroaryl group.

In one example, Z 1s represented by Structural Formula (IV):

d Lo (IV)

Ring A 1n Structural Formula (IV) can be a substituted or unsubstituted
heteroaryl group. Ring B in Structural Formula (IV) can be a substituted or
unsubstituted aromatic group, e.g., a heteroaryl group or carbocyclic aryl group.
Suitable substituents are as described hereinbeloiv. In one example, Ring A and/or

10 Ring B is substituted with -(0),-(CH,)-C(O)OR%, -(0),-(CH,),-OC(O)R%,
-(0),~(CH,),-C(O)-NR*'R* or -(0),-(CH,) -NHC(O)O-R* as described above. u, t,
R*, R*, and R** are as described above. X, and R_ can be as described above for
Structural Formula (III).
In another embodiment of the present invention Z is represented by Structural
15 Formula (IV), wherein Ring A 1s a pyridyl group and Ring B is an aromatic or

heteroaromatic group. In one example, Z is represented by Structural Formula (IVa):
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(IVa).
In this embodiment Ring A and Ring B are independently substituted or
unsubstituted, and Ring B 1s preferably a phenyl group. X, and R, can be as
described above for Structural Formula (II).
5 In another embodiment, both Ring A and Ring B are pyridyl groups, and Z is
represented by Structural Formula (IVb):

(IVDb)

Ring A and Ring B can be independently substituted or unsubstituted as described

above 1n Structural Formula (II), and X, can be as described above for Structural

10  Formula (III).

In preferred embodiments, Z 1s represented by Structural Formula (V):

(V)
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Ring A and Ring B can be independently substituted or unsubstituted as
described above in Structural Formula (II), and X, can be as described above for
Structural Formula (III).

In particularly preferred embodiments, Ring B in Structural Formula (V) 1s
substituted para to the carbon atom of Ring B which 1s bonded to X, of Ring C, and
Z. 1s represented by Structural Formula (VI):

A

R40

(VD)

X, can be as described above in Structural Formula (IT). Preferably X, 1s
-CH,-0O-, -CH,-CH,- or -CH,-S§-.

R* is a substituent as described herein for aromatic groups. In one
embodiment, R* is -OH, -COOH, a halogen, -NO,, an aliphatic group, a substituted
aliphatic group, an aromatic group, a substituted aromatic group, -NR*R%,
-CONR*R?, -C(=NR*)NR*'R*, -Q-(aliphatic group), -Q-(substituted aliphatic
group), -O-(aliphatic group), -O-(substituted aliphatic group), -O-(aromatic group),
-O-(substituted aromatic group), an electron withdrawing group,
-(0),-(CH,),-C(O)OR¥, -(0) ,-(CH,),-OC(O)R?, -(0),-(CH,),-C(O)-NR*'R** or
-(0),-(CH,),-NHC(0)O-R*. Q, R*®, R*', R* R* R?*,R%® uand t are as described
herein.

Preferably R is an aliphatic group, substituted aliphatic group, -O-(aliphatic
eroup) or -O-(substituted aliphatic group). In certain embodiments, R* is an -O-
alkyl, such as -O-CH,, -O-C,H,, -O-C,H, or -O-C,H,.

In another embodiment, R* can be represented by -(0),-(CH,),-C(O)-NR*'R%,

wherein u is one, t is zero, and R?*! and R? are as described herein. In this
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embodiment, R*' and R* can each independently be -H, a substituted or
unsubstituted aliphatic group, a substituted or unsubstituted aromatic group, or R
and R* taken together with the nitrogen atom to which they are bonded form a
substituted or unsubstituted nonaromatic heterocyclic ring (e.g., pyrrolidine,
piperidine, morpholine).

In another embodiment, R* can be represented by -(O) -(CH,)-C(0)-NR*'R*,
wherein u is zero, t is one to about three, and R?' and R% are as described herein.

In another embodiment, R* can be represented by -(0),-(CH,).-C(O)-NR*'R%,
wherein both u and t are zero, and R?! and R* are as described herein.

In another embodiment, R* is an aliphatic group (e.g., methyl, ethyl, propyl)
that is substituted with -NR*R* or -CONR*R?, wherein R?** and R are as

described herein. For example, R* can be represented by

J me y s WNR?‘*R% .

O O

In another embodiment, R* is -O-C(O)-NR*'R*, wherein R*' is as described
herein, R** can be -H, an aliphatic group, a substituted aliphatic group, an aromatic
group, a substituted aromatic group, a non-aromatic heterocyclic group,
-C(0)-O-(substituted or unsubstituted aliphatic group), -C(O)-O-(substituted or
unsubstituted aromatic group), -S(O),-(substituted or unsubstituted aliphatic group),
-S(0),-(substituted or unsubstituted aromatic group) or R*' and R, taken to gether
with the nitrogen atom to which they are bonded, can form a substituted or
unsubstituted non-aromatic heterocyclic ring.

In additional embodiments, R* can be -S(0),-NR?*'R* or -N-C(0)-NR?*'R%,

wherein R*' and R? are as described herein.
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In another embodiment, R* is:

COOH
COOH
—
1/ y S — 9 —

= o Yoon G

)\/COOH \)§/COOH __COOH
A 0
Q’{,l ’ ?sz, . ?’2,)/ :
COOH

%/O\m | ??_,/\OH | ?_L'/COOH N

s

COOH

In a preferred embodiment, the chemokine receptor antagonist can be
represented by Structural Formula I wherein n is three, M is C(OH)R?, R® is a phenyl
group of a halophenyl group (e.g., 4-chlorophenyl) and Z 1s represented by Structural

Formula (VI) wherein X; is -CH,-O-. In one example of this embodiment, R* can
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be -O-(substituted aliphatic group), such as

%/ O\><OH

In particularly preferred embodiments, R* is
O

OH , X

Q% OH

HE/LO/\O& _

S In other preferred embodiments, R* is a substituted aliphatic group, a
substituted aromatic group, -O-substituted aliphatic group or -O-substituted aromatic
group. Preferably the alipha<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>