
NOVEL PYRAZOLO [3,4-D] PYRIMIDINE DERIVATIVES AS ANTI-CANCER DRUGS FIELD OF
INVENTION The invention relates to substituted pyrazolo [3,4-d] pyrimidine
derivatives of the formula-I, Formula-I or pharmaceutically-acceptable
salts thereof, which possess anti-proliferative activity such as
anti-cancer activity and are accordingly useful in methods of treatment of
the human or animal body. The invention also relates to processes for the
manufacture of substituted pyrazolo [3,4-d] pyrimidine derivatives, to
pharmaceutical compositions containing the compound and to its use in the
manufacture of medicaments for the production of an antiproliferative
effect in a warm-blooded animal such as man. Aberrant signal transduction
is a hallmark of carcinogenesis. Cell surface receptors, their ligands and
protein tyrosine kinases are key components of growth signaling pathways
and are mutated or upregulated in a wide variety of human tumors. In
particular, the epidermal growth factor receptor (EGFR) pathway has been
implicated in tumor-promoting events such as cell division, cell adhesion
and migration, angiogenesis, and anti-apoptosis. EGFR overexpression, found
in one-third of epithelial cancers overall, can vary from 20 to 80%
depending on histologic type and is associated with resistance to hormonal
therapy, cytotoxic agents and radiation. EGFR belongs to the erbB family of
structurally related receptors, comprising EGFR (HER- 1, erbBl), HER-2/neu
(erbB2), HER-3 (erbB3), and HER-4 (erbB4). These transmembrane
glycoproteins possess an external ligand-binding domain, a cytoplasmic
tyrosine kinase (TK) domain, and a Src homology 2 (SH2) domain for
substrate binding. EGF, transforming growth factor-a and amphiregulin bind
exclusively to EGFR, while heparin-binding EGF,beta-cellulin and epiregulin
bind EGFR and HER-4, and heregulins and neuregulins bind HER-3 and HER-4.
The central role of EGFR in cancer has engendered strenuous efforts to
develop EGFR antagonists. The two strategies that are furthest along in
clinical trials are receptor monoclonal antibodies, which block ligand
binding and receptor activation, and smallmolecule inhibitors of EGFR TK.
The first-generation small-molecule inhibitors act as ATP analogs competing
reversibly for the TK catalytic site. Newer inhibitors that are under
development produce irreversible antagonism and/or target multiple erbB
receptors Receptor tyrosine kinases are important in the transmission of
biochemical signals, which initiate cell replication. They are large
enzymes which span the cell membrane and possess an extracellular binding
domain for growth factors such as epidermal growth factor (EGF) and an
intracellular portion which functions as a Kinase to phosphorylate tyrosine
amino acids in proteins and hence to influence cell proliferation. Various
classes of receptor tyrosine kinases are known (Wilks, Advances in Cancer
Research, 1993, 60, 43-73) based on families of growth factors, which bind
to different receptor tyrosine kinases. The classification includes Class I
receptor tyrosine kinases comprising the EGF family of receptor tyrosine
kinases such as the EGF, TGFa, NEU, erbB, Xmrk, HER and Iet23 receptors,
Class II receptor tyrosine kinases comprising the insulin family of
receptor tyrosine kinases such as the insulin, IGFI and insulin-related
receptor (IRR) receptors and Class III receptor tyrosine kinases comprising
the platelet-derived growth factor (PDGF) family of receptor tyrosine
kinases such as the PDGFa, PDGF b. and colony stimulating factor 1 (CDFl)
receptors. It is known that Class I kinases such as the EGF family of
receptor tyrosine kinases are frequently present in common human cancers
such as breast cancer (Sainsbury et.al., Brit J. Cancer, 1988, 58,458;
Guerin et al, Oncogene Res., 1988, 3, 2 1 and Klijn et al., Breast Cancer
Res. Treat., 1994, 29, 73), non-small cell lung cancers (NSCLCs) including
adenocarcinomas (Cerny et., Brit. J. Cancer, 1986, 54, 265; Reubi et al.,
Int. J. Cancer, 1990, 45, 269; and Rusch et al., Cancer Research, 1993, 53,
2379) and squamous cell cancer of the lung (Hendler et al., Cancer Cells,
1989, 7, 347), bladder cancer (Neal.et al., Lancet, 1985, 366), oesophageal
cancer (Mukaida et al., Cancer, 1991, 68, 142), gastrointestinal cancer 



such as colon, rectal or stomach cancer (Bolen et al., Oncogene Res., 1987,
1, 149), cancer of the prostate (Visakorpi et al., Histochem. J., 1992, 24,
481), leukemia (Konaka et al., Cell,1984, 31, 1035) and ovarian, bronchial
or pancreatic cancer (European Patent Specification No. 0400586). As
further human tumour tissues are tested for the EGF family of receptor
tyrosine kinases it is expected that their widespread prevalence will be
established in further cancers such as thyroid and uterine cancer. It is
also known that EGF type tyrosine Kinase activity is rarely detected in
normal cells whereas it is more frequently detectable in malignant cells
(Hunter, Cell., 1987, 50, 823). It has been shown more recently (W J
Gullick, Brit. Med. Bull., 1991, 47, 87) that EGF receptors which possess
tyrosine kinase activity are over expressed in many human cancers such as
brain, lung squamous cell, bladder, gastric, breast, head and neck,
esophageal, gynecological and thyroid tumors. Accordingly it has been
recognized that an inhibitor of receptor tyrosine kinases should be of
value as a selective inhibitor of the growth of mammalian cancer cells
(Yaish et al. Science, 1988, 242, 933). Support for this view is provided
by the demonstration that erbstatin, an EGF receptor tyrosine kinase
inhibitor, specifically attenuates the growth in athymic nude mice of a
transplanted human mammary carcinoma which expresses EGF receptor tyrosine
kinase but is without effect on the growth of another carcinoma which does
not express EGF receptor tyrosine kinase (Toi et al., Eur. J. Cancer Clin.
Oncol., 1990, 26, 722.) Various derivatives of styrene are also stated to
possess tyrosine kinase inhibitory properties (European Patent Application
Nos. 0211363, 0304493 and 0322738) and to be of use as antitumour agents.
The in vivo inhibitory effect of two such styrene derivatives which are EGF
receptor tyrosine kinase inhibitors has been demonstrated against the
growth of human squamous cell carcinoma inoculated into nude mice (Yoneda
et al., Cancer Research, 1991, 51, 4430). Various known tyrosine kinase
inhibitors are disclosed in a more recent review by T R Burke Jr. (Drugs of
the Future, 1992, 17, 119). Examples of signal transduction inhibitors
include agents that can inhibit EGFR (epidermal growth factor receptor)
responses, such as EGFR antibodies, EGF antibodies, and molecules that are
EGFR inhibitors; VEGF (vascular endothelial growth factor) inhibitors; and
erbB2 receptor inhibitors, such as organic molecules or antibodies that
bind to the erbB2 receptor, for example, HERCEPTIN(tm) (Genentech, Inc. of
South San Francisco, California, USA). EGFR inhibitors are described in,
for example in WO 95/19970 (published July 27, 1995), WO 98/14451
(published April 9, 1998), WO 98/02434 (published January 22, 1998), and
United States Patent 5,7'47,498 (issued May 5, 1998). EGFR-inhibiting
agents include, but are not limited to, the monoclonal antibodies C225 and
anti-EGFR 22Mab (ImClone Systems Incorporated of New York, New York, USA),
the compounds ZD-1839 (AstraZeneca), BIBX-1382 (Boehringer
Ingelheim),MDX-447 (Medarex Inc. of Annandale, New Jersey, USA), and
OLX-103 (Merck & Co. of Whitehouse Station, New Jersey, USA), VRCTC-310
(Ventech Research) and EGF fusion toxin (Seragen Inc. of Hopkinton,
Massachusetts). VEGF inhibitors, for example SU-5416 and SU-6668 (Sugen
Inc. of South San Francisco, California, USA), can also be combined or
co-administered with the composition. VEGF inhibitors are described in, for
example in WO 99/24440 (published May 20, 1999), PCT International
Application PCT/IB99/00797 (filed May 3, 1999), in WO 95/21613 (published
August 17, 1995), WO 99/61422 (published December 2, 1999), United States
Patent 5,834,504 (issued November 10, 1998), WO 98/50356 (published
November 12, 1998), United States Patent 5,883,113 (issued March 16, 1999),
United States Patent 5,886,020 (issued March 23, 1999), United States
Patent 5,792,783 (issued August 1 1 , 1998), WO 99/10349 (published March
4, 1999), WO 97/32856 (published September 12, 1997), WO 97/22596
(published June 26, 1997), WO 98/54093 (published December 3, 1998), WO
98/02438 (published January 22, 1998), WO 99/16755 (published April 8,
1999), and WO 98/02437 (published January 22, 1998), all of which are
herein incorporated by reference in their entirety. Other examples of some
specific VEGF inhibitors are IM862 (Cytran Inc. of Kirkland, Washington,
USA); anti-VEGF monoclonal antibody bevacizumab (Genentech, Inc. of South
San Francisco, California); and angiozyme, a synthetic ribozyme from
Ribozyme (Boulder, Colorado) and Chiron (Emeryville, California). ErbB2
receptor inhibitors, such as GW-282974 (Glaxo Wellcome 



pic), and the monoclonal antibodies AR-209 (Aronex Pharmaceuticals Inc. of
The Woodlands, Texas, USA) and 2B- 1 (Chiron), may be administered in
combination with the composition. Such erbB2 inhibitors include those
described in WO 98/02434 (published January 22, 1998), WO 99/35146
(published July 15, 1999), WO 99/35132 (published July 15, 1999), WO
98/02437 (published January 22, 1998), WO 97/13760 (published April 17,
1997), WO 95/19970 (published July 27, 1995), United States Patent
5,587,458 (issued December 24, 1996), and United States Patent 5,877,305
(issued March 2, 1999), each of which is herein incorporated by reference
in its entirety. ErbB2 receptor inhibitors useful in the present invention
are also described in United States Provisional Application No. 60/1 17,341
, filed January 27, 1999, and in United States Provisional Application No.
60/117,346, filed January 27, 1999, both of which are herein incorporated
by reference in their entirety. Other antiproliferative agents that may be
used include inhibitors of the enzyme famesyl protein transferase and
inhibitors of the receptor tyrosine kinase PDGFr, including the compounds
disclosed and claimed in the following United States patent applications:
09/221946 (filed December 28, 1998); 09/454058 (filed December 2, 1999);
09/501163 (filedFebruary 9, 2000); 09/539930 (filed March 31, 2000);
09/202796 (filed May 22, 1997); 09/384339 (filed August 26, 1999); and
09/383755 (filed August 26, 1999); and the compounds disclosed and claimed
in the following United States provisional patent applications: 60/168207
(filed November 30, 1999); 60/1701 19 (filed December 10, 1999); 60/177718
(filed January 21, 2000); 60/168217 (filed November 30, 1999), and
60/200834 (filed May 1, 2000). Each of the foregoing patent applications
and provisional patent applications is herein incorporated by reference in
their entirety. Compositions of the invention can also be used with other
agents useful in treating abnormal cell growth or cancer, including, but
not limited to, agents capable of enhancing antitumor immune responses,
such as CTLA4 (cytotoxic lymphocite antigen 4) antibodies, and other agents
capable of blocking CTLA4; and anti-proliferative agents such as other
farnesyl protein transferase inhibitors. Specific CTLA4 antibodies that can
be used in the present invention include those described in United States
Provisional Application 60/113,647 (filed December 23, 1998) which is
herein incorporated by reference in its entirety. The receptor tyrosine
kinases are of particular importance in the transmission of mitogenic
signals that initiate cellular replication. These large glycoproteins,
which span the plasma membrane of the cell, possess an extracellular
binding domain for their specific ligands (such as Epidermal Growth Factor
(EGF) for the EGF Receptor). Binding of ligand results in the activation of
the receptor's kinase enzymatic activity that resides in the intracellular
portion of the receptor. This activity phosphorylates key tyrosine amino
acids in target proteins, resulting in the transduction of proliferative
signals across the plasma membrane of the cell. It is known that the erbB
family of receptor tyrosine kinases, which include EGFR, erbB2, erbB3 and
erbB4, are frequently involved in driving the proliferation and survival of
tumour cells (reviewed in Olayioye et al., EMBO J., 2000, 19, 3159). One
mechanism in which this can be accomplished is by overexpression of the
receptor at the protein level, generally as a result of gene amplification.
This has been observed in many common human cancers (reviewed in Klapper
et_al., Adv. Cancer Res., 2000, 77, 25) such as breast cancer (Sainsbury et
al., Brit. J. Cancer. 1988, 58, 458; Guerin et al., Oncogene Res.. 1988, 3,
21; Slamon et al.. Science. 1989, 244, 707; Kliin et al., Breast Cancer
Res. Treat.. 1994, 29, 73 and reviewed in Salomon et al., Crit. Rev. Oncol.
HematoL. 1995, 19, 183), non-small cell lung cancers (NSCLCs) including
adenocarcinomas (Cerny et al., Brit. J. Cancer. 1986, 54, 265; Reubi et
al., Int. J. Cancer. 1990, 45, 269; Rusch et al., Cancer Research. 1993,
53, 2379; Brabender etal, Clin. Cancer Res.. 2001, 7, 1850) as well as
other cancers of the lung (Hendler et al., Cancer Cells. 1989, 7, 347;
Ohsaki etal, Oncol. Rep.. 2000, 7, 603), bladder cancer (Neal et al.,
Lancet. 1985, 366; Chow etal., Clin. Cancer Res.. 2001, 7, 1957, Zhau et
al., MoI Carcinog., 3, 254), oesophageal cancer (Mukaida et al., Cancer.
1991, 68, 142), gastrointestinal cancer such as colon, rectal or stomach
cancer (Bolen et al., Oncogene Res.. 5 1987, 1, 149; Kapitanovic etal.,
Gastroenterology. 2000, 112, 1103; Ross et al., Cancer Invest.. 2001, 19,
554), cancer of the prostate (Visakorpi et al., Histochem. J.. 1992, 24,
481; 



Kumar et al.. 2000, 32, 73; Scher et al.. J. Natl. Cancer Inst.. 2000, 92,
1866), leukaemia (Konaka et al., CeU, 1984, 37, 1035, Martin-Subero et al..
Cancer Genet Cytogenet. 2001, 127-174), ovarian (Hellstrom eLal, Cancer
Res.. 2001, 6_1, 2420), head and neck (Shiga et al., 0 Head Neck. 2000, 22,
599) or pancreatic cancer (Ovotny et al., Neoplasma. 2001, 48, 188). As
more human tumour tissues are tested for expression of the erbB family of
receptor tyrosine kinases it is expected that their widespread prevalence
and importance will be further enhanced in the future. It is also expected
that inhibitors of EGF type receptor tyrosine kinases will be useful in the
treatment of other diseases of excessive cellular proliferation such as
psoriasis. AstraZeneca has developed and launched Gefitinib (US 5770599),
of the formula II, Formula-II an orally active, selective epidermal growth
factor receptor-tyrosine kinase inhibitor (EGFRTKl). It is indicated as
monotherapy for the continued treatment of patients with locally advanced
or metastatic non-small cell lung cancer after failure of both platinum-
based and docetaxel chemotherapies that are benefiting or have benefited
from gefitinib. The brand name is Iressa. OSI Pharmaceuticals has developed
and launched Erlotinib (US 5747498) of formula-Ill, Formula-Illan orally
active, ATP-competitive small-molecule inhibitor of EGFR TK. It is
presently being used as a standard treatment for non-small cell lung cancer
(NSCLC) and pancreatic cancer diseases. Its activity is expected to be
enhanced when combined with standard cytotoxic antibiotic anti-cancer
drugs. The brand name is Tarceva. Furthermore, inhibitory antibodies
against EGFR and erbB2 (erbitux(r) (c-225 / cetuximab) and herceptin(r)
(trastuzumab) respectively) have proven to be beneficial in the clinic for
the treatment of selected solid tumours (reviewed in Mendelsohn et al,
2000, 5 Oncogene, 19, 6550-6565). There are number of patents published
with compounds containing pyrazolo[3,4- djpyrimidine neucleus as anti
cancer drug. WO-96/31510 and WO-98/14449 each discloses
4-amino-lH-pyrazolo[3,4- d]jpyrimidine derivatives and their use as
anti-tumour agents. WO-98/14451 discloses
3-(3-aminobenzylamino)-4-(3-chlorophenylamino)-lH-pyrazolo[3,4-
d]pyrimidine, its use as an anti-tumour agent and its use in cases of
epidermal hyperproliferation. WO-98/14450 discloses
4-amino-lH-pyrazolo[3,4-d|pyrimidine derivatives that carry a
nitrogen-linked substituent at the 3-position on the
pyrazolo[3,4-d)pyrimidine ring, and their use as anti-tumour agents.
WO-95/19774 discloses bicyclic pyrimidine derivatives and their use as
inhibitors of the EGF, erbB2 and erbB4 receptor tyrosine kinases. A
pyrazolo[3,4-d]pyrimidine derivative is disclosed that includes an
amino-aryl group at the 4-position on the pyrazolo[3,4- dljpyrimidine ring
but no substituent at the 3-position. Makarov et al. (Chemistry of
Heterocyclic Compounds, 2003, 39(2), 238-243) discloses the reaction of
3,5-di-(N,N-dimethylaminomethylene)amino-4-methoxycarbonyl ryrazole and
3,5-di-(N,N-dimethylaminomethylene)amino-4-cyanopyrazole compounds with
certain amines to form pyrazolo[3,4-d]pyrimidine compounds.International
Patent Publication No. WO 03/000187 describes novel pyrazolo- and
pyrrolopyrimidines. International Patent Publication No. WO 02/057267, U.S.
Patent Nos. 6,686,366, 6,680,324, and 6,673,802 describe compounds specific
to adenosine Al, A2A, and A3 receptors. International Patent Publication
No. WO 01/47507 describes combinations of a receptor tyrosine kinase
inhibitor with an organic compound capable of binding to al -acidic
glycoprotein. International Patent Publication No. WO 04/013141 describes
condensed pyridines and pyrimidines with TIE2 (TEK) activity. International
Patent Publication No. WO 04/014850 describes substituted aminopyrimidines
as neurokinin antagonists. International Patent Publication No. WO
03/000695 describes pyrrolopyrimidines as protein kinase inhibitors. U.S.
Patent No. 6,187,778 describes 4-aminopyrrol[3,4-d]pyrimidines as 



neuropeptide Y receptor antagonists. U.S. Patent No. 6,140,317, 6,140,332,
and 6,180,636 describe pyrrolopyrimidines. U.S. Patent Nos. 6,696,455,
6,537,999 and 5,877,178 describe pyrrolo?? pyrrolidine derivatives. U.S.
Patent No. 5,958,930 describes pyrrolopyrimidine and furopyrimidine
derivatives. [29] International Patent Publication No. 03/000688 describes
the preparation of azaindoles as protein kinase inhibitors. International
Patent Publication Nos. WO 03/018021 and WO 03/018022 describe pyrimidines
for treating IGF-IR related disorders, International Patent Publication No.
WO 02/092599 describes pyrrolopyrimidines for the treatment of a disease
that responds to an inhibition of the IGF-IR tyrosine kinase, International
Patent Publication No. WO 01/72751 describes pyrrolopyrimidines as tyrosine
kinase inhibitors. International Patent Publication No. WO 00/71129
describes pyrrolotriazine inhibitors of kinases. International Patent
Publication No. WO 97/28161 describes pyrrolo[2,3- d]pyrimidines and their
use as tyrosine kinase inhibitors. Further literature references of
pyrazolo[3,4- d] pyrimidine derivatives as anti-cancer agents J.Heterocycl.
Chem., 27, 647-660., J. Med. Chem., 1976, 19, 555-558 ., J. Heterocycl.
Chem., 1990, 27, 1245-1248 ., Journal of the Chinese Chemical Society,
2000, 47, 347-350 .,United States Patent 5,917,039 ., United States Patent
6,423,871 ., J. Org. Chem.1956 21(11) 1240-1256 ., J. Med. Chem. 1991, 34,
2892-2898 ., Helvetica Chimica Acta (1956)- No.l 19, 987-991., J. Med.
Chem. 1997, 40, 3601- 3616 ., United States Patent 3,600,389 ., United
States Patent 4,182,878Although the anticancer compounds described above
have made a significant contribution to the art, there is a continuing need
to improve anticancer pharmaceuticals with better selectivity or potency,
reduced toxicity, or fewer side effects. PRESENT INVENTION Surprisingly, we
have now found that a select group of substituted pyrazolo[3,4-d]pyrimidine
derivatives of the present invention, or a pharmaceutically acceptable salt
thereof, possess potent anti-tumour activity. None of the prior art
discloses pyrazolo[3,4-d]pyrimidine compounds that are substituted at the
1-position with a substituent containing an ethynyl group or
3,5-disubstituted groups and at 4 position substituted benzyl amines.
Without wishing to imply that the compounds disclosed in the present
invention possess pharmacological activity only by virtue of an effect on a
single biological process, it is believed that the compounds provide an
anti-tumour effect by way of inhibition of one or more of the erbB family
of receptor tyrosine kinases that are involved in the signal transduction
steps which lead to the proliferation of tumour cells. In particular, it is
believed that the compounds of the present invention provide an anti-tumour
effect by way of inhibition of EGF and/or erbB2 receptor tyrosine kinases.
Such processes, when used to prepare the substituted
pyrazolo[3,4-d]pyrimidine derivative of the invention, or a
pharmaceutically-acceptable salt thereof, are provided as a further feature
of the invention and are illustrated by the following representative
Examples. Necessary starting materials may be obtained by standard
procedures of organic chemistry. The preparation of such starting materials
is described within the accompanying non-limiting Examples. Alternatively
necessary starting materials are obtainable by analogous procedures to
those illustrated, which are within the ordinary skill of an organic
chemist.The invention relates to Substituted pyrazolo [3,4-d] pyrimidine
derivatives of formula-I, Formula-I and pharmaceutically acceptable salts
thereof, wherein n and m are 1, 2, or 3; Wis single bond, C1-C6 alkyl,
alkenyl, alkynyl, NH, S, SO, SO2, 0 , C=O or an amide group, each Ri is
independently selected from hydrogen, halo, hydroxy, amino, hydroxyamino,
carboxy, nitro, guanidino, ureido, carbamoyl, cyano, trifluoromethyl, or
each R1 is independently selected from the group consisting of C1- C alkyl,
C - C6 cycloalkyl, C1-C6 alkoxy, C -C cycloalkoxy, (C1-C6) alkoxycarbonyl,
aryloxy, heteroaryloxy, Ci-C thioalkoxy, C3-C6 thiocycloalkoxy,
thioaryloxy, thioheteroaryloxy, nitro, amino, N-mono(Ci-C 6) alkylamino,
N,N-di(Ci-C 6) alkylamino, formamido, amido, acetamido, hydroxylamino, C1-C
alkoxyamino, hydrazino, trifluoromethyl, 



trifiuoromethoxy, C2- C6 alkenyl, C2- C6 alkynyl, aryl, heterocyclyl, fused
aryl, fused heteroaryl and fused heterocyclyl; each Ri is independently
selected from R3-sulfonylamino, phthalimido-(Ci-C 4)- alkylsulfonylamino,
benzamido, benzenesulfonylamino, 3-phenylureido,2-oxopyrrolidin- 1- yl,
2,5-dioxopyrrolidin-l-yl, and C -C4 alkanoylamino and wherein said
benzenesulfonylamino or phenyl or phenoxy or anilino or phenylsulfanyl
substituent in R1 may optionally bear one or two halogens, (Ci-C ) alkyl,
cyano, methansulfonyl or (C1-C4) alkoxy substituents; or any two Ri taken
together with the carbons to which they are attached comprise a 5-8
membered ring comprising at least one or two heteroatoms selected from
oxygen, sulfur or nitrogen; and wherein the alkyl groups and alkyl portions
of the alkoxy or alkylamino groups may be straight chained or if comprised
of at least three carbons may be branched or cyclic; where R3 is selected
from Ci- C6 -alkyl, C -C6 cycloalkylR2 is selected from the group
consisting of hydrogen, C1-C6 alkyl, C -C cycloalkyl, Cj-C alkoxycarbonyl,
aryl, heteroaryl, C1-C6 thioalkyl, trifluoromethyl, trifluoromethoxy,
heterocyclyl, fused aryl, fused heteroaryl and fused heterocyclyl, such as
1,3-benzodioxol, 1,4-benzodioxin, And R2 is selected from the group
consisting of phenyl or benzyl and substituted with 1,2,3 or 4 groups and
the substitutents are independently selected from R4, where R4 is selected
from hydrogen, halo, hydroxy, amino, hydroxyamino, carboxy, nitro,
guanidino, ureido, carbamoyl, cyano, trifluoromethyl, C C6 -alkyl, C3-C6
cycloalkyl, hydroxy, C1-C6 alkoxy, C -C6 cycloalkoxy, C1-C alkoxycarbonyl,
aryloxy, heteroaryloxy, C1-C6 thioalkoxy, C3-C6 thiocycloalkoxy,
thioaryloxy, thioheteroaryloxy, nitro, amino, Nmono (C1-C ) alkylamino, N,
N-di (C1-C ) alkylamino, formamido, amido, acetamido, hydroxylamino, Ci-C6
alkoxyamino, hydrazino, trifluoromethyl, trifluoromethoxy, alkenyl,
alkynyl, aryl, heterocyclyl, fused aryl, fused heteroaryl and fused
heterocyclyl; DETAILED DESCRIPTION OF THE INVENTION: Formula-I compounds
and pharmaceutically acceptable salts thereof may be prepared by any
process known to be applicable to the chemically related compounds. The
active compounds of present invention can be prepared by the following
synthetic Scheme-I. Stage-I )Ii Stage-II malononitrileStage-III Stage-IV
Formamide Stage-V Stage-VI R1, R2, and W are defined as above.SCHEME-I
Various compounds of formula-I are can also be prepared by following
routes: (a) A B C By known methods given in the literature, diazotising a
compound of formula A with mineral acid such as hydrochloric acid and with
sodium nitrite solution at temperatures -10 0C to 5 0C to obtain
substituted phenyl hydrazine hydrochloride of formula-B. The other mineral
acids 0 can be used are sulphuric acid, etc. The formula-B compound is
neutralised with a suitable base such as ammonia, mono-, di- or trialkyl
amines, sodium hydroxide, potassium hydroxide, sodium carbonate, potassium
carbonate, ammonium carbonate and bicarbonates of alkali metals to get the
novel substituted phenyl hydrazines of formula-C. (b) 5 The compound of
formula C is reacted with ethoxy methelenemalononitrile in protic solvents
such as methanol, ethanol, isopropanol n-butanol, dimethyl formamide or
mixtures 



of these solvents at temperatures 600C to obtain novel N-substituted
phenyl-5-amino-lH- 0 pyrazole-4-carbonitriles of formula-D. In another way
of preparation, the compounds of formula-C are reacted in-situ generated
ethoxy methylenemalononitrile by reacting triethyl orthoformate and
maolononitrile to obtain novel N-substituted phenyl-5-amino-lH-pyrazole-
4-carbonitriles of formula-D. The temperature conditions range from 40 0C
to 100 0C. (C) DThe nitrile group of compound of formula D is hydrolysed
with a mineral acid such as sulphuric acid in aqueous medium and upon
basification with a suitable base such as ammonia or bicarbonates,
carbonates or hydroxides of alkali metals at temperatures 10 0C to 40 0C to
obtain novel N-substituted phenyl-5-amino-lH-pyrazole-4-carboxamides of
formula-E. Formamidq E F The compound of formula E is reacted with
formamide in neat conditions or in solvent such as sulfolane at about 200
0C to obtain novel N-substituted rhenyl-5-amino- lH-pyrazole-4- carboxamide
of formula F. The temperature conditions range from 150 0C to 220 0C. (e) F
G The compound of formula F is reacted with phosphorus oxychloride in an
aprotic solvent such as methylene chloride, ethylene chloride, chloroform
or a mixture of these solvents at reflux temperature conditions to obtain
novel N-substituted 4-chloro-pyrazolo[3,4- d]pyrimidines of formula-G. In
another way of preparation, compounds of formula-F are reacted with thionyl
chloride, phosphorous trichloride or phosphorous pentachloride in aprotic
solvents such as methylene chloride, ethylene chloride, chloroform or
mixture of these solvents at 25 0C to solvent reflux temperature to obtain
novel N-substituted 4-chloropyrazolo[ 3,4-d]pyrimidines of formula-G. (g)G
H Formula-I The compound of formula G is refluxed with substituted alkyl
amine of formula-H in a protic solvent such as methanol, ethanol, isopropyl
alcohol or mixture of these solvents at reflux temperature to obtain novel
1-substituted 4-amino substituted-pyrazolo [3,4-d] pyrimidines of
formula-1. Further, the compounds of Formula-I with an ethynyl substitution
on the N-phenyl ring and their pharmaceutically acceptable salts thereof
may be prepared by any process known to be applicable to the chemically
related compounds. The active compounds of present invention with an
ethynyl substitution on the N-phenyl ring can be synthesized as per the
process given in the Scheme-II below. Stage-I P H HCl Aqueous NHNH 2 1.
NaNO 2ZHCl Ammonia 2. SnCyHcI Stage-II Stage-Ill Stage-IVFormamide Stage-V
Stage-VI Ethanol Reflux Stage-VII Stage-VIII SCHEME-II (h)By known methods
given in the literature, diazotising a compound of formula I with mineral
acid such as hydrochloric acid and with sodium nitrite solution at
temperatures -10 0C to 5 0C 



one can obtain iodo substituted phenyl hydrazine hydrochloride solid of
formula-J. The other mineral acids which can be used are sulphuric acid,
etc. The compound of formula-J is neutralized with a suitable base such as
sodium hydroxide, potassium hydroxide, sodium carbonate, potassium
carbonate ammonium carbonate and bicarbonates of alkali metals to get the
iodo substituted phenyl hydrazine of formula-K. (0 The compound of formula
K is reacted with ethoxy methelenemalononitrile in protic solvents such as
methanol, ethanol, isopropanol n-butanol, dimethyl formamide or mixtures of
these solvents at temperatures 60 0C to obtain novel N-( iodo substituted)
phenyl -5- amino-lH-pyrazole-4-carbonitriles of formula-L In another way of
preparation the compounds of formula-K are reacted in-situ generated
ethoxymethylenemalononitrile by reacting triethyl orthoformate and
malononitrile to obtain novel N-( iodo substituted )phenyl
-5-amino-lH-pyrazole-4-carbonitriles of formula-L the temperature
conditions range from 40 0C To 100 0C G) L MThe nitrile group of compounds
of formula L is hydrolysed with a mineral acid such as sulphuric acid in
aqueous medium and upon basification with a suitable base such as ammonia
or bicarbonates, carbonates or hydroxides of alkali metals at temperatures
10 0C to 40 0C to obtain novel N-( iodo substituted) phenyl
-5-amino-lH-pyrazole-4-carboxamides of formula-M. (k) N O The compound of
formula-N is reacted with formamide in neat conditions or in solvent such
as sulfolane at temperatures 200 0C to obtain novel N-( iodo substituted)
phenyl -5-aminolH- pyrazole-4-carboxamide of formula-O. The temperature
conditions range from 150 0C to 220 0C. (1) O P The compounds of formula O
are reacted with phosphorus oxychloride in neat conditions or in aprotic
solvents such as methylene chloride, ethylene chloride, chloroform or
mixtures of these solvents at reflux temperature conditions to obtain novel
N-( iodo substituted) 4-chloropyrazolo[ 3,4-d]pyrimidines of formula-P. In
another way of preparation of the compounds of formula-0 are reacted with
thionyl chloride, phosphorous trichloride or phosphorous pentachloride in
aprotic solvents such as methylene chloride, ethylene chloride, chloroform
or mixtures of these solvents at temperatures 25 0C to obtain novel
N-substituted 4-chloropyrazolo [3,4-d] pyrimidines of formula-P. (m)Elhanol
Reflux P H S By known methods given in the literature, the compound of
formula Q is refluxed with substituted alkyl amine of formula-H in protic
solvents such as methanol, ethanol, isopropyl alcohol or mixtures of these
solvents at reflux temperature conditions to obtain novel l-(iodo
substituted)substituted 4-amino substituted-pyrazolo[3,4-d]pyrimidines of
formula-S. (n) j Ethypyltrimethylsilane ji) palladium acetate
hexakis(acetato) tripalladium(ll) iii) Triphenyl phosphine The compound of
formula S is refluxed with substituted trimethylsilyl acetylene in protic
solvents such as methanol, ethanol, isopropyl alcohol or mixtures of these
solvents at reflux temperature conditions to obtain novel N- (trimethyl
silyl protected ethynyl substituted) 



phenyl-4-amino substituted-pyrazolo [3,4-d] pyrimidines of formula-T. (o) T
U (Formula-I compounds with acetylene group) . The compounds of formula T
are deprotected with a suitable base such as ammonia, mono, di or
trialkylamines, sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate ammonium carbonate and bicarbonates of alkali metals to
get the novel acetylene substituted compounds of formula- 1.The active
compounds of present invention with a cyano substitution on the N-phenyl
ring can be synthesized as per the process given in the Scheme-Ill below.
Copper Cyanide Dimethyl formamlde S V (Formula-I compounds with cyano
group) Scheme-Ill The compound of formula S is heated with copper cyanide
and copper iodide in dimethyl formamide or dimethyl sulfoxide at
temperatures ranging from 120 0C to 145 0C to obtain novel compounds N-
(cyano substituted) phenyl-4-amino substituted-pyrazolo [3,4-d] pyrimidines
of formula-V. The invention most particularly relates to compounds of the
formula I selected from the group consisting of [l-(3-ethynyl -phenyl)-lH-
pyrazolo [3,4-d] pyrimidine derivatives of
formula-U[2-(2-methoxy-ethoxy)-ethyl]- [l-(3- ethynyl -phenyl) -lH-
ryrazolo[3,4-d] pyrimidin-4-yl)-amine
[4-Methoxy-3-(3-morpholine-4-ylpropoxy)- benzyl)- [l-(3-ethynyl - phenyl)
-lH-pyrazolo[3,4- d]pyrimidine-4-yl)-amine (3,4-Dimethoxy-benzyl)-
[l-(3-ethynyl -phenyl) lH-pyrazolo [3,4-d] pyrimidine-4-yl)-amine
[3,4-Bis-(2-methoxy-ethoxy)- benzyl[l-(3-ethynyl -phenyl) -IHpyrazolo[
3,4-d]pyrimidine-4-yl)- amine Benzo [1,3] dioxol-5-yl methyl- [l-(3-
ethynyl -phenyl) -1-H-pyrazolo [3,4-d] pyrimidine-4-yl]-amineCompound
Structure Chemical name Number 07 [l-(3-ethynyl -phenyl) -IHpyrazolo
[3,4-d] pyrimidine-4- ylamino)-acetic acid 08 3,4-Diethoxy-benzyl-
[l-(3-ethynyl -phenyl) -lH-pyrazolo [3,4-d] pyrimidine-4-yl)-amine 09
[l-(3-ethynyl -phenyl) -IHpyrazolo [3,4-d] pyrimidine-4yl)-
(3,4,5-trimethoxy-benzyl)-amine 10 [4-(2-methoxy-ethoxy)-benzyl)- [1-
(3-ethynyl -phenyl) -lH-pyrazolo [3,4-d] pyrimidine-4-yl)-amine 11
(4-methoxy-benzyl- [l-(3-ethynyl phenyl) lH-pyrazolo [3,4-d] 



pyrimidine-4-yl)-amine 12 [4-(3-morpholin-4-yl-propoxy)- benzyl]-
[l-(3-ethynyl -phenyl) - lH-pyrazolo [3,4-d] pyrimidine-4-
yl)-amine[l-(3-trimethylsilanyl ethynyl -phenyl)-lH- pyrazolo [3,4-d]
pyrimidine derivatives of formula-T Compound Structure Chemical name Number
13 N- ((2,3-dihydrobenzo [b][l,4] dioxin-6-yl) methyl)-
[l-(3-trimethylsilanyl ethynyl -phenyl) -lH-pyrazolo [3,4-d]
pyrimidin-4-yl-amine 14 [2-(2-methoxy-ethoxy)-ethyl]-
[l-(3-trimethylsilanyl ethynyl -phenyl)-1H-pyrazolo[3,4-d]
pyrimidin-4-yl)-amine 15 [4-Methoxy-3-(3-morpholine- 4-yl-propoxy)-benzyl)-
[l-(3- trimethylsilanyl ethynyl - phenyl) lH-pyrazolo[3 ,4-
d]pyrimidine-4-yl)-amine 16 (3,4-Dimethoxy-benzyl)- [1- (3-trimethylsilanyl
ethynyl - phenyl) -lH-pyrazolo [3,4-d] pyrimidine-4-yl)-amin(c) 17
[3,4-Bis-(2-methoxy-ethoxy)- benzyl [l-(3-trimethylsilanyl ethynyl
-phenyl)-IHpyrazolo[ 3,4-d]pyrimidine-4- yl)-amineAPPARATUS AND METHOD FOR
TRANSMITTING AND RECEIVING PREAMBLES IN A DIGITAL VIDEO BROADCASTING SYSTEM
BACKGROUND OF THE INVENTION 1. Field of the Invention: The present
invention relates generally to a Digital Video Broadcasting (DVB) system.
More particularly, the present invention relates to an apparatus and method
for transmitting and receiving preambles among components of a frame in a
DVB system. 2. Description of the Related Art: Generally, the term "digital
broadcasting system" denotes a broadcasting system using a digital
transmission technology, such as Digital Audio Broadcasting (DAB), Digital
Video Broadcasting (DVB) and Digital Multimedia Broadcasting (DMB). Among
others, the DVB system, a European digital broadcasting technology, is a
transmission standard for supporting not only the existing digital
broadcasting but also mobile/portable digital multimedia services. The DVB
system can multiplex Moving Picture Experts Group 2 Transport Stream (MPEG
2 TS)-based broadcast data, and transmit IP-based data streams
simultaneously. In the DVB system, various services can be transmitted
after being multiplexed to one IP stream. And, after receiving data of the
transmitted IP stream, a terminal can demultiplex it back into individual
services, demodulate the services, and output them through a screen of the
user terminal. 



At this point, the user terminal needs information indicating types of the
various services provided by the DVB system and the details that each of
the services contains. FIG. 1 is a diagram illustrating a frame structure
of a physical channel in a conventional DVB system. Referring to FIG. 1,
the frame structure can be roughly divided into preamble parts Pl and P2,
and body parts BODY. The preamble parts Pl and P2 are used for transmitting
signaling information of the frame, while the body parts consist of the
parts used for transmitting data or payload.The purposes of the preamble Pl
in FIG. 1 are as follows. First, the preamble Pl is used for scanning an
initial signal of a frame at a receiver. Second, the preamble Pl is used
for detecting a frequency offset and tuning the center frequency at the
receiver. Third, the preamble P l is used for transmitting identification
information of the frame as well as transmitting Fast Fourier Transform
(FFT) size and other transmission information. Finally, the preamble Pl is
used for detecting and correcting frequency and time synchronization at the
receiver. Regarding the structure of the preamble Pl in FIG. 1, a part A,
in which information is transmitted, is fixed to IK Orthogonal Frequency
Division Multiplexing (OFDM) symbols regardless of an FFT size of a payload
where data is transmitted, and has a length of 112 ms. When the other parts
B and C each consist of a 1/2 guard interval, they are added to both sides
of the IK symbols, with a length of 56 ms. As shown in FIG. 1, the total
length of the preamble Pl is 224 ms . FIG. 2 is a diagram illustrating
locations of carriers on which a preamble sequence is transmitted in the
conventional art. The drawing of FIG. 2 is given for a description of an
internal structure of the IK OFDM symbols shown in FIG. 1. As illustrated
in FIG. 2, the IK OFDM symbols include 853 carriers. Among the 853 carriers
constituting the IK OFDM symbols, only 384 carriers are used for
transmission of a preamble sequence. FIG. 3 is a block diagram illustrating
a transmitter for transmitting a preamble in a conventional DVB system.
Locations of the carriers used for transmission of a preamble sequence
among the 853 carriers can be predetermined. In FIG. 3, carrier locations
are predetermined and stored in a Carrier Distribution Sequence (CDS) table
300. An operation of a Modulation Signaling Sequence (MSS) processor 310 is
as follows. The MSS processor 310 receives a first sequence (hereinafter
'Sl ' ) and a second sequence (hereinafter 'S2') and generates
Complementary Sets of Sequences (CSSs). The Sl and S2 include 3-bit
information and 4-bit information, respectively. The CSSs generated by the
Sl and S2 have 8 and 16 combinations, respectively and generated by the Sl
and S2 have a length of 64 and 256, respectively. Such CSSs are
characterized in that they are low in a Peakto- Average Power Ratio (PAPR)
and orthogonal with each other.Signals of the Sl and S2 can be expressed as
shown in Table 1, where they are expressed in hexadecimal. Table 1 A series
of processes in which the sequences S1 and S2 are output as a modulated
sequence by means of the MSS processor 310 through a phase offset processor
325 is as follows. Equation (1) represents a sequence generated by a
combination of Sl and S2 in the MSS processor 3 10, and the sequence is
denoted by MSS SEQ. MSS_SEQ in Equation (1) is modulated by Differential
BPSK (DBPSK) in a DBPSK modulator (or DBPSK mapper) 320. Equation (2)
represents the DBPSK-modulated sequence, which is denoted by MSS DIFF.The
phase offset processor 325 outputs the finally modulated sequence by 



applying a 180 phase offset to 64 Most Significant Bit (MSB) bits (or
cells) in the modulated sequence. The phase offset processor 325 does not
apply the phase offset to the remaining bits except for the 64 MSB bits.
Since the 64 MSB bits all have the same offset value, the phase offset
value will not affect a demodulation process of a DBPSK demodulator in a
receiver. Hence, there is no need for a reverse process of the phase offset
process at the receiver. Finally, an output of the phase offset processor
325 is defined as Equation (3). The sequence being output through the MSS
processor 310, DBPSK modulator 320 and phase offset processor 325, i.e. the
modulated sequence, is allocated to 384 active carriers for Pl by the
carrier allocator 330. In structure, 2 guard intervals are added to improve
robustness of symbols for Pl, and operations of an Inverse Fast Fourier
Transform (IFFT) processor 340 and a preamble generator 350 are
substantially the same as that in FIG. 1. FIG. 4 is a block diagram
illustrating a receiver for receiving a preamble in a conventional DVB
system. Referring to FIG. 4, a preamble detector 400 in the receiver
detects a preamble and inputs it to an FFT processor 410. The FFT processor
410 performs FFT on the detected preamble and outputs the results to a
demultiplexer (DEMUX) 420. Next, the DEMUX 420 demultiplexes data on active
carriers through which a preamble is transmitted, and outputs the
demultiplexed data to a DBPSK demodulator 430. The DBPSK demodulator 430
performs a reverse process of the phase offset processor 325, i.e. performs
DBPSK demodulation that inversely phase-shifts MSB signals of the preamble
by a length of 64 at the receiver, and then outputs the results to a
signaling detector 440. The signaling detector 440 outputs desired
information by detecting Sl and S2 from the demodulated sequence. FIG. 5 is
a flowchart illustrating a reception method for receiving a preamble in a
conventional DVB system. Referring to FIG. 5, the receiver performs
initialization in step 500, and performs tuning on a preamble in step 505.
The receiver performs Guard Interval- Correlation (GIC) on a received
signal in step 510, and determines in step 515whether it has detected a
preamble Pl. When the receiver has failed to detect the preamble P l in
step 515, the receiver returns to step 510. Otherwise, when the receiver
has detected the preamble Pl, the receiver performs coarse time adjustment
and fine frequency offset adjustment in step 520. Next, in step 525, the
receiver performs power correlation to estimate power of active carriers,
and determines again in step 530 whether it has detected the preamble Pl.
Upon failure to detect the preamble Pl, the receiver returns back to step
510, and when the receiver successfully detects the preamble Pl, the
receiver performs coarse frequency offset adjustment in step 535.
Thereafter, the receiver performs DBPSK demodulation, which is a reverse
process of the differential modulation scheme at the transmitter, in step
540, calculates a correlation value between preambles in step 545, and
detects signals of Sl and S2 in step 550. As the above-stated conventional
preamble structure uses the differential modulation (i.e. DBPSK),
non-coherent reception is possible. However, a characteristic of the
complementary sequences changes due to the execution of the differential
modulation, causing an increase in the PAPR. Accordingly, there is a need
for an improved apparatus and method for transmitting and receiving
preambles among components of a frame in a DVB system. SUMMARY OF THE
INVENTION An aspect of the present invention is to address at least the
abovementioned problems and/or disadvantages and to provide at least the
advantages described below. Accordingly, an aspect of the present invention
is to provide an 



apparatus and method capable of reducing a PAPR of a preamble by
scrambling. In accordance with an aspect of the present invention, an
apparatus for transmitting a preamble in a Digital Video Broadcasting (DVB)
system is provided. The transmission apparatus includes a first processor
for generating a Modulation Signaling Sequence (MSS) using a plurality of
received sequences, and for outputting a modulated sequence by
differentially modulating the MSS, a scrambler for scrambling the modulated
sequence by multiplying the modulated sequence by a scrambling sequence and
a second processor for receiving the scrambled sequence through each of a
plurality of allocated subcarriers, for converting the received sequence
into a time-domain signal, and for generating and transmitting the
preamble.In accordance with another aspect of the present invention, a
method for transmitting a preamble in a Digital Video Broadcasting (DVB)
system is provided. The transmission method includes generating a
Modulation Signaling Sequence (MSS) using a plurality of received
sequences, outputting a modulated sequence by differentially modulating the
MSS, scrambling the modulated sequence by multiplying the modulated
sequence by a scrambling sequence, receiving the scrambled sequence through
each of a plurality of allocated subcarriers, converting the received
sequence into a time-domain signal, and generating and transmitting the
preamble. In accordance with still another aspect of the present invention,
an apparatus for receiving a preamble in a Digital Video Broadcasting (DVB)
system is provided. The reception apparatus includes a first processor for
detecting a preamble from a received signal, for converting the detected
preamble into a frequency-domain signal, and for demultiplexing the
frequency-domain signal, a descrambler for descrambling the demultiplexed
sequence by multiplying the demultiplexed sequence by a descrambling
sequence and a second processor for differentially demodulating the
descrambled sequence and for detecting a plurality of sequences from the
demodulated sequence. In accordance with yet another aspect of the present
invention, a method for receiving a preamble in a Digital Video
Broadcasting (DVB) system is provided. The reception method includes
detecting a preamble from a received signal, converting the detected
preamble into a frequency-domain signal, demultiplexing the
frequency-domain signal, descrambling the demultiplexed sequence by
multiplying the demultiplexed sequence by a descrambling sequence,
differentially demodulating the descrambled sequence and detecting a
plurality of sequences from the demodulated sequence. Other aspects,
advantages, and salient features of the invention will become apparent to
those skilled in the art from the following detailed description, which,
taken in conjunction with the annexed drawings, discloses exemplary
embodiments of the invention. BRIEF DESCRIPTION OF THE DRAWINGS The above
and other aspects, features and advantages of certain exemplary embodiments
of the present invention will become more apparent from thefollowing
description taken in conjunction with the accompanying drawings in which:
FIG. 1 is a diagram illustrating a frame structure of a physical channel in
a conventional DVB system; FIG. 2 is a diagram illustrating locations of
carriers on which a preamble sequence is transmitted in the conventional
art; FIG. 3 is a block diagram illustrating a transmitter for transmitting
a preamble in a conventional DVB system; FIG. 4 is a block diagram
illustrating a receiver for receiving a preamble in a conventional DVB
system; 



FIG. 5 is a flowchart illustrating a reception method for receiving a
preamble in a conventional DVB system; FIG. 6 is a block diagram
illustrating a transmitter for transmitting a preamble in a DVB system
according to an exemplary embodiment of the present invention; FIG. 7 is a
diagram illustrating an example of a PRBS encoder for Equation (5); FIG. 8
is a flowchart illustrating a transmission method for transmitting a
preamble in a DVB system according to an exemplary embodiment of the
present invention; FIG. 9 is a block diagram illustrating a receiver for
receiving a preamble in a DVB system according to an exemplary embodiment
of the present invention; and FIG. 10 is a flowchart illustrating a
reception method for receiving a preamble in a DVB system according to an
exemplary embodiment of the present invention. Throughout the drawings, it
should be noted that like reference numbers are used to depict the same or
similar elements, features and structures. DETAILED DESCRIPTION OF
EXEMPLARY EMBODIMENTS The following description with reference to the
accompanying drawings is provided to assist in a comprehensive
understanding of exemplary embodiments of the invention as defined by the
claims and their equivalents. It includes various specific details to
assist in that understanding but these are to be regarded asmerely
exemplary. Accordingly, those of ordinary skill in the art will recognize
that various changes and modifications of the embodiments described herein
can be made without departing from the scope and spirit of the invention.
Also, descriptions of well-known functions and constructions are omitted
for clarity and conciseness. The terms and words used in the following
description and claims are not limited to the bibliographical meanings,
but, are merely used by the inventor to enable a clear and consistent
understanding of the invention. Accordingly, it should be apparent to those
skilled in the art that the following description of exemplary embodiments
of the present invention are provided for illustration purpose only and not
for the purpose of limiting the invention as defined by the appended claims
and their equivalents. It is to be understood that the singular forms "a,"
"an," and "the" include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to "a component surface"
includes reference to one or more of such surfaces. By the term
"substantially" it is meant that the recited characteristic, parameter, or
value need not be achieved exactly, but that deviations or variations,
including for example, tolerances, measurement error, measurement accuracy
limitations and other factors known to skill in the art, may occur in
amounts that do not preclude the effect the characteristic was intended to
provide. The present invention relates to a preamble where signaling
information is transmitted, and in particular, to a preamble Pl through
which initial information is transmitted. Exemplary embodiments of the
present invention provide a method for addressing the above-stated problem
that a Peak-to-Average Power Ratio (PAPR) of complementary sequences for a
preamble increases due to the use of the differential modulation. A
description of exemplary embodiments of the present invention will now be
given below. Table 2 shows the PAPRs of preambles for a case in which the
differential 



modulation scheme is not applied in the preamble Pl. When 128 preamble
signals are generated by combinations of Sl and S2, the maximum PAPR is
10.29 dB, the minimum PAPR is 6.72 dB, and an average PAPR is 8.21 dB.
Table 2However, Table 3 shows the PAPRs of preambles for a case in which
the differential modulation scheme is applied. In this case, the maximum
PAPR of the preambles is 10.50 dB, the minimum PAPR is 7.14 dB, and an
average PAPR is 7.14 dB. As stated above, it can be seen from a comparison
between Table 2 and Table 3 that the PAPR increases as characteristics of
the complementary sequences are discrepant from each other due to the use
of the differential modulation scheme. From Table 2 and Table 3, it can be
appreciated that the average PAPR increases by 0.42 dB due to an influence
of the differential modulation.As a method for addressing the problem of
increasing PAPR caused by the differential modulation, i.e. for PAPR
reduction, the DVB system can apply scrambling. FIG. 6 is a block diagram
illustrating a transmitter for transmitting a preamble in a DVB system
according to an exemplary embodiment of the present invention. Referring to
FIG. 6, the transmitter includes a CDS table 600, an MSS processor 610, a
DBPSK modulator 620, a phase offset processor 630, a scrambler 635, a
carrier allocator 640, an IFFT processor 650, and a preamble generator 660.
Since the CDS table 600, the MSS processor 610, the DBPSK modulator 620,
the phase offset processor 630, the carrier allocator 640, the IFFT
processor 650 and the preamble generator 660 are substantially equal in
operation to the CDS table 300, the MSS processor 3 10, the DBPSK modulator
320, the phase offset processor 325, the carrier allocator 330, the IFFT
processor 340 and the preamble generator 350 in the conventional
transmitter of FIG. 3, a detailed description thereof will be omitted. The
scrambler 635, according to an exemplary embodiment of the present
invention, can prevent a Complementary Set of Sequence (CSS) generated by
the MSS processor 610 from increasing in a PAPR by the DBPSK modulator 620
and the phase offset processor 630. In other words, in an exemplary
implementation, the scrambler 635 generates a new sequence by multiplying a
modulated sequence output from the phase offset processor 630 by a
scrambling sequence. The scrambler 635 can operate with any arbitrary
sequence when an operation of changing the signal from the MSS processor
610 to an arbitrary form is performed. An output MSS_SCR of the scrambler
635 is expressed as Equation (4). MSS_SCR =SCR(MSS) (4) In Equation (4),
the term "SCR" denotes a scrambling operation of the scrambler 635. A new
sequence is generated by multiplying the modulated sequence input to the
scrambler 635 by a scrambling sequence. For example, when a length-K BSPK
sequence is input as a modulated sequence, i.e. when {lo, -li, - I2, I3,
... , l k-i} is input as a modulated sequence, even the scrambling sequence
can be generated with a length-K arbitrary BPSK sequence. When ascrambling
sequence is the scrambler 635 generates {- } as a new length-K BPSK
sequence by multiplying the modulated sequence of ( by the scrambling
sequence of {- - That is, the scrambler 635 generates a new sequence MSS
SCR by multiplying the sequence modulated using Equation (4) by the
scrambling sequence. The scrambler 635 performs scrambling by multiplying
the sequence modulated in the DBPSK modulator 620 and the phase offset
processor 630, i.e. a length-384 modulated sequence expressed in 1 or -1,
by a length-384 scrambling 



sequence used in the scrambler 635. The scrambling sequence will be
described in more detail in the following exemplary embodiment. The
scrambler 635 generates a scrambling sequence for reducing a PAPR of a
preamble Pl. In a DVB system, a Pseudo Random Binary Sequence (PRBS)
defined as Equation (5) is used, and the scrambler 635 can generate a
scrambling sequence using the existing PRBS. FIG. 7 is a diagram
illustrating an example of a PRBS encoder for Equation (5). Referring to
FIG. 7, a PRBS register 710 receives an initial value sequence (1000101
11100101), and generates a PRBS sequence ( 1110100011 10010001 1100100...).
The initial value and the length-384 PAPR scrambling sequence are shown in
Table 4. Table 4The scrambling sequence of Table 4 is used as a scrambling
sequence for a scrambler used for reducing a PAPR of a preamble Pl. In the
PRBS encoder of FIG. 7, a length-384 sequence generated with the initial
value of Table 4 is converted from a value of 0 or 1 to a value of 1 or -1,
and multiplied by a modulated sequence output from a phase offset processor
in the scrambler 635, thereby reducing a PAPR. Table 5 shows the PAPRs of
128 preambles Pl in an exemplary embodiment of the present invention which
uses scrambling for PAPR reduction. It can be noted that the maximum PAPR
is 9.10 dB, the minimum PAPR is 6.71 dB, and an average PAPR is 8.01 dB.
Compared with Table 3, a gain of 1.4 dB can be obtained at the maximum
PAPR.In an exemplary implementation, a new sequence is generated by the
above-stated scrambler 635. Moreover, each scrambling sequence can be
stored in a look-up table for future use, or can be determined when
necessary. As an example, the output of the DBPSK modulator 620 in FIG. 6
can be stored in the look-up table, the output of the scrambler 635 can be
stored in the look-up table, or the outputs of all the blocks 600 to 635
can be stored in the look-up table for an operation of the scrambler 635.
FIG. 8 is a flowchart illustrating a transmission method for transmitting a
preamble in a DVB system according to an exemplary embodiment of the
present invention. Referring to FIG. 8, the transmitter receives Sl and S2
in step 801, and generates an MSS by selecting a sequence corresponding to
the Sl and S2 in step 803. The transmitter differentially modulates the MSS
in step 805, and applies 180 phase offset to the 64 MSB bits in step 807.
In step 809, the transmitter performs scrambling by multiplying the
scrambling sequence generated by Equation (5) by the sequence modulated in
step 807. In step 8 11, the transmitter receives the scrambled sequence
through each allocated subcarrier. Next, in step 813, the transmitter
generates a time-domain signal by performing IFFT on the scrambled sequence
received through the allocated subcarrier. Finally, in step 815, the
transmitter generates a preamble having a structure illustrated in FIG. 1.
As the scrambling operation performed by the scrambler 635 is carried out
after DBPSK modulation, exemplary embodiments of the present invention are
more stable in the detection performance of S1 and S2, as compared with
when the scrambling operation is performed before the DBPSK modulation. In
other words, exemplary embodiments of present invention are robust in
detection performance of Sl and S2. FIG. 9 is a block diagram illustrating
a receiver for receiving a preamble in a DVB system according to an
exemplary embodiment of the present invention. Referring to FIG. 9, the
receiver includes a preamble detector 900, an FFT processor 910, a DEMUX
920, a descrambler 930, a DBPSK demodulator 940, 



and a signaling detector 950. Since the preamble detector 900, the FFT
processor 910, the DEMUX 920, the DBPSK demodulator 940 and the signaling
detector 950 are substantially the same in operation as the preamble
detector 400, the FFT processor 410, the DEMUX 420, the DBPSK demodulator
430 and the signaling detector 440 illustrated in FIG. 4, a detailed
description thereof will be omitted.The descrambler 930, according to an
exemplary embodiment of the present invention, performs a reverse process
of the scrambler 635 on the sequence obtained by demultiplexing data on
active carriers through which a preamble is transmitted. That is to say,
the descrambler 930 performs descrambling by multiplying the demultiplexed
sequence by the descrambling sequence. The descrambling sequence has the
same length as that of the demultiplexed sequence. The descrambling
sequence can be previously determined and stored in a look-up table, or can
be generated using PRBS, in substantially the same way as for the
above-stated scrambling sequence. FIG. 10 is a flowchart illustrating a
reception method for receiving a preamble in a DVB system according to an
exemplary embodiment of the present invention. Referring to FIG. 10, the
receiver performs initialization in step 1000, and performs tuning on a
preamble in step 1005. The receiver performs Guard Interval-Correlation
(GIC) on the received signal in step 1010, and determines in step 1015
whether it has detected a preamble Pl. When the receiver has failed to
detect the preamble Pl in step 1015, the receiver returns to step 1010.
However, when the receiver has detected the preamble Pl, the receiver
performs coarse time adjustment and fine frequency offset adjustment in
step 1020. Thereafter, the receiver performs power correlation to estimate
power of active carriers in step 1025, and then determines again in step
1030 whether it has detected the preamble Pl. When the receiver has failed
to detect the preamble P l in step 1030, the receiver returns back to step
1010, and when receiver has successfully received the preamble Pl, the
receiver performs coarse frequency offset adjustment in step 1035. Next,
the receiver performs descrambling using a descrambling sequence according
to an exemplary embodiment of the present invention in step 1040, and
performs differential demodulation, which is a reverse process of the
differential modulation scheme at the transmitter, in step 1045.
Thereafter, the receiver determines a correlation between preambles in step
1050, and detects signals of Sl and S2 in step 1055. As is apparent from
the foregoing description, exemplary embodiments of the present invention
use the differential modulation scheme in transmitting a preamble, one of
physical channels, in the DVB system, thus reducing a PAPR of the preamble
P l by solving the PAPR increase problem using scrambling.While the
invention has been shown and described with reference to certain exemplary
embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the appended
claims and their equivalents.WHATIS CLAIMED IS: 1. An apparatus for
transmitting a preamble in a Digital Video Broadcasting (DVB) system, the
apparatus comprising: a first processor for generating a Modulation
Signaling Sequence (MSS) using a plurality of received sequences and for
outputting a modulated sequence by differentially modulating the MSS; a
scrambler for scrambling the modulated sequence by multiplying the
modulated sequence by a scrambling sequence; and a second processor for
receiving the scrambled sequence through each of a plurality of allocated
subcarriers, for converting the received sequence into a time-domain
signal, and for generating and transmitting the preamble. 



2. The apparatus of claim 1, wherein the first processor comprises: an MSS
processor for generating the MSS using the plurality of received sequences;
and a differential modulator for differentially modulating the MSS. 3. The
apparatus of claim 1, wherein the second processor comprises: a carrier
allocator for receiving the scrambled sequence through each of the
plurality of allocated subcarriers; an Inverse Fast Fourier Transform
(IFFT) processor for converting the scrambled sequence received through
each of the plurality of allocated subcarriers into the time-domain signal;
and a preamble generator for generating and transmitting the preamble. 4.
The apparatus of claim 1, wherein the modulated sequence and the scrambling
sequence have the same length. 5. The apparatus of claim 1, wherein the
scrambling sequence is generated using a Pseudo Random Binary Sequence
(PRBS). 6. The apparatus of claim 1, wherein the scrambling sequence is
stored in a look-up table.7. The apparatus of claim 1, wherein the
differentially modulating of the MSS comprises Differential Binary Phase
Shift Keying (DBPSK) modulation. 8. A method for transmitting a preamble in
a Digital Video Broadcasting (DVB) system, the method comprising:
generating a Modulation Signaling Sequence (MSS) using a plurality of
received sequences; outputting a modulated sequence; scrambling the
modulated sequence by multiplying the modulated sequence by a scrambling
sequence; receiving the scrambled sequence through each of a plurality of
allocated subcarriers; converting the received sequence into a time-domain
signal; and generating and transmitting the preamble. 9. The method of
claim 8, wherein the outputting of the modulated sequence comprises
differentially modulating the MSS. 10. The method of claim 8, wherein the
transmitting of the preamble comprises: receiving the scrambled sequence
through each of the plurality of allocated subcarriers; converting the
scrambled sequence received through each of the plurality of allocated
subcarriers into a time-domain signal; and generating and transmitting the
preamble. 11. The method of claim 8 wherein the modulated sequence and the
scrambling sequence have the same length. 12. The method of claim 8,
further comprising generating the scrambling sequence using a Pseudo Random
Binary Sequence (PRBS). 13. The method of claim 8, further comprising
storing the scrambling sequence in a look-up table.14 The method of claim
9, wherein the differentially modulating of the MSS comprises using
Differential Binary Phase Shift Keying (DBPSK) modulation. 15. An apparatus
for receiving a preamble in a Digital Video Broadcasting (DVB) system, the
apparatus comprising: a first processor for detecting a preamble from a
received signal, for converting the detected preamble into a
frequency-domain signal, and for demultiplexing the frequency-domain
signal; a descrambler for descrambling the demultiplexed sequence by 



multiplying the.demultiplexed sequence by a descrambling sequence; and a
second processor for differentially demodulating the descrambled sequence
and for detecting a plurality of sequences from the demodulated sequence.
16. The apparatus of claim 15, wherein the first processor comprises: a
preamble detector for detecting the preamble from a received signal; a Fast
Fourier Transform (FFT) processor for converting the preamble into the
frequency-domain signal; and a demultiplexer for demultiplexing data on an
active carrier through which the preamble is transmitted. 17. The apparatus
of claim 15, wherein the second processor comprises: a differential
demodulator for differentially demodulating the descrambled sequence; and a
signaling detector for detecting the plurality of sequences from the
demodulated sequence. 18. The apparatus of claim 15, wherein the
demultiplexed sequence and the descrambling sequence have the same length.
19. The apparatus of claim 15, wherein the descrambling sequence is
generated using a Pseudo Random Binary Sequence (PRBS).20. The apparatus of
claim 15, wherein the descrambling sequence is stored in a look-up table.
21. The apparatus of claim 15, wherein the differential demodulation
comprises a Differential Binary Phase Shift Keying (DBPSK) demodulation.
22. A method for receiving a preamble in a Digital Video Broadcasting (DVB)
system, the method comprising: detecting a preamble from a received signal;
converting the detected preamble into a frequency-domain signal;
demultiplexing the frequency-domain signal; descrambling the demultiplexed
sequence by multiplying the demultiplexed sequence by a descrambling
sequence; differentially demodulating the descrambled sequence; and
detecting a plurality of sequences from the demodulated sequence. 23. The
method of claim 22, wherein the demultiplexing of the frequencydomain
signal comprises demultiplexing data on an active carrier through which the
preamble is transmitted. 24. The method of claim 22, wherein the
demultiplexed sequence and the descrambling sequence have the same length.
25. The method of claim 22, further comprising generating the descrambling
sequence using a Pseudo Random Binary Sequence (PR-BS). 26. The method of
claim 22, further comprising storing the descrambling sequence in a look-up
table. 27. The method of claim 22, wherein the differentially demodulating
of the descrambled sequence comprises using a Differential Binary Phase
Shift Keying (DBPSK) demodulation. 


