
ANTHRACYCLINE DERIVATIVE CONJUGATES, PROCESS FOR THEIR
PREPARATION AND THEIR USE AS ANTITUMOR COMPOUNDS CROSS
REFERENCE TO RELATED APPLICATIONS [0001] This
non-provisional application claims the benefit under
35 USC 119(e) of U.S. Provisional Application Serial
No. 61/080,944 filed on 15 July 2008, which is
incorporated by reference in entirety. FIELD OF THE
INVENTION [0002] The present invention relates to
conjugates of therapeutically useful anthracyclines
with carriers such as polyclonal and monoclonal
antibodies, proteins or peptides of natural or
synthetic origin; methods for their preparation,
pharmaceutical composition containing them and use
thereof in treating certain mammalian tumors. The
invention also relates to new anthracycline
derivatives and to their preparation. BACKGROUND OF
THE INVENTION [0003] Anthracyclines are antibiotic
compounds that exhibit cytotoxic activity. Studies
have indicated that anthracyclines may operate to kill
cells by a number of different mechanisms including:
1) intercalation of the drug molecules into the DNA of
the cell thereby inhibiting DNA-dependent nucleic acid
synthesis; 2) production by the drug of free radicals
which then react with cellular macromolecules to cause
damage to the cells or 3) interactions of the drug
molecules with the cell membrane [see, e.g., C.
Peterson et al.," Transport And Storage Of
Anthracycline In Experimental Systems And Human
Leukemia" in Anthracvcline Antibiotics In Cancer
Therapy; N.R. Bachur, "Free Radical Damage" id. at pp.
97-102]. Because of their cytotoxic potential
anthracyclines have been used in the treatment of
numerous cancers such as leukemia, breast carcinoma,
lung carcinoma, ovarian adenocarcinoma and sarcomas
[see e.g., P.H- Wiernik, in Anthracvcline: Current
Status And New Developments p 11]. Commonly used
anthracyclines include doxorubicin, epirubicin,
idarubicin and daunomycin. [0004] In the recent years
many new highly cytotoxic anthracyclines have been
synthesized. For example nemorubicin, the
anthracycline derivative bearing a substituted
morpholino ring linked to the C-3 ' position of the
sugar moiety has shown promising antitumor activity on
experimental murine tumors [see: J .W. Lown, Bioactive
Molecules (1988) vol 6:55-101] and is currently under
clinical phase trials for the treatment of[0005]
hepatocellular carcinoma [see: C. Sessa, O. Valota, C.
Geroni, Cardiovascular Toxicology (2007) 7(2):75-79].
Although these compounds may be useful in the
treatment of neoplasm and other disease states wherein
a selected cell population is sought to be eliminated,
their therapeutic efficacy is often limited by the
dose-dependent toxicity associated with their
administration. [0006] Attempts to improve the
therapeutic effect of these compounds have been tried
by linking the anthracycline to antibodies or to
different carriers. An example of an anthracycline
conjugated with antibodies is reported, for example,
in EP 0328147 to Bristol Myers, in WO 9202255 to
Farmitalia Carlo Erba or in US 5776458 to Pharmacia &
Upjohn. [0007] Other interesting tricyclic morpholino
anthracycline derivatives, characterized by high
activity, were described and claimed in the
International patent application WO 98/02446 (1997) of
M. Caruso et al. . Among these derivatives, a
particularly active compound is PNU-159682, described
by Quintieri, L., Geroni, C. et al. in Clinical Cancer
Research (2005) 11(4): 1608-1617. Compound PNU-159682
has the formula (IIA) as defined herein below, and the
following chemical names: [0008]
5,12-naphthacenedione, 7,8,9, 10-tetrahydro-6,8,
11-trihydroxy-8-
(hydroxyacetyl)-1-methoxy-10-[[(lS,3R,4aS,9S,9aR,10aS)
-octahydro-9-methoxy-1-methyl-
1H-pyrano[4',3':4,5]oxazolo[2,3-c][1,4]oxazin-3-yl]oxy
]-, (8S,10S)- (9CI); [0009] 5, 12-naphthacenedione,
7,8,9, 10-tetrahydro-6,8, 11-trihydroxy-8-
(hydroxyacetyl)- 1-methoxy- 10-[(octahydro-9-methoxy-
1-methyl- 1Hpyrano[
4',3':4,5]oxazolo[2,3-c][1,4]oxazin-3-yl)oxy]-, [IS-
[1a,3b(8R*, 10R*),4a b,9a,9aa,1Oa b]] or (8S,
105)-6,8, 11-trihydroxy-8-(hydroxyacetyl)- 1- methoxy-
10-{[(lS,3R,4aS,9S,9aR, 10aS)-9-methoxy-
1-methyloctahydro- IHpyrano[
4',3':4,5][1,3]oxazolo[2,3-c][1,4]oxazin-3-yl]oxy}-7,8
,9,10-tetrahydrotetracene-5,12- dione. [0010] Antibody
therapy has been established for the targeted
treatment of patients with cancer, immunological and
angiogenic disorders (Carter, P. (2006) Nature Reviews
Immunology 6:343-357). The use of antibody-drug
conjugates (ADC), i.e. immunoconjugates, for the local
delivery of cytotoxic or cytostatic agents, i.e. drugs
to kill or inhibit tumor cells in the treatment of
cancer, targets delivery of the drug moiety to tumors,
and intracellular accumulation therein, whereas
systemic administration of these unconjugated drug
agents may result in unacceptable levels of toxicity
to normal cells as well as the tumor cells sought to
be eliminated (Xie et al (2006) Expert. Opin. Biol.
Ther. 6(3):281-291; Kovtun et al (2006) Cancer Res.
66(6):3214-3 121; Law et al (2006) CancerRes.
66(4):2328-2337; Wu et al (2005) Nature Biotech.
23(9): 1137-1 145; Lambert J . (2005) Current Opin. in
Pharmacol. 5:543-549; Hamann P. (2005) Expert Opin.
Ther. Patents 15(9): 1087-1 103; Payne, G. (2003)
Cancer Cell 3:207-212; Trail et al (2003) Cancer
Immunol. Immunother. 52:328-337; Syrigos and Epenetos
(1999) Anticancer Research 19:605-614). Maximal
efficacy with minimal toxicity is sought thereby.
Efforts to design and refine ADC have focused on the
selectivity of monoclonal antibodies (mAbs) as well as
drug mechanism of action, drug-linking, drug/antibody
ratio (loading), and drug-releasing properties
(McDonagh (2006) Protein Eng. Design & SeL; Doronina
et al (2006) Bioconj. Chem. 17:1 14-124; Erickson et
al (2006) Cancer Res. 66(8): 1-8; Sanderson et al
(2005) Clin. Cancer Res. 11:843-852; Jeffrey et al
(2005) J . Med. Chem. 48:1344-1358; Hamblett et al
(2004) Clin. Cancer Res. 10:7063-7070). Drug moieties
may impart their cytotoxic and cytostatic effects by
mechanisms including tubulin binding, DNA binding, or
topoisomerase inhibition. Some cytotoxic drugs tend to
be inactive or less active when conjugated to large
antibodies or protein receptor ligands. [0011] The
anthracycline analog, doxorubicin (ADRIAMYCIN(r)) is
thought to interact with DNA by intercalation and
inhibition of the progression of the enzyme
topoisomerase II, which unwinds DNA for transcription.
Doxorubicin stabilizes the topoisomerase II complex
after it has broken the DNA chain for replication,
preventing the DNA double helix from being resealed
and thereby stopping the process of replication.
Doxorubicin and daunorubicin (DAUNOMYCIN) are
prototype cytotoxic natural product anthracycline
chemotherapeutics (Sessa et al (2007) Cardiovasc.
Toxicol. 7:75-79). Immunoconjugates and prodrugs of
daunorubicin and doxorubicin have been prepared and
studied (Kratz et al (2006) Current Med. Chem.
13:477-523; Jeffrey et al (2006) Bioorganic & Med.
Chem. Letters 16:358-362; Torgov et al (2005) Bioconj.
Chem. 16:717-721; Nagy et al (2000) Proc. Natl. Acad.
Sci. 97:829-834; Dubowchik et al (2002) Bioorg. & Med.
Chem. Letters 12:1529-1532; King et al (2002) J . Med.
Chem. 45:4336-4343; US 6630579). The antibody-drug
conjugate BR96-doxorubicin reacts specifically with
the tumor-associated antigen Lewis-Y and has been
evaluated in phase I and II studies (Saleh et al
(2000) J . Clin. Oncology 18:2282-2292; Ajani et al
(2000) Cancer Jour. 6:78-81; Tolcher et al (1999) J .
Clin. Oncology 17:478-484). [0012] Morpholino analogs
of doxorubicin and daunorubicin, formed by cyclization
on the glycoside amino group, have greater potency
(Acton et al (1984) J . Med. Chem. 638- 



645; US 4464529; US 4672057; US 5304687). Nemorubicin
is a semisynthetic analog of doxorubicin with a
2-methoxymorpholino group on the glycoside amino of
doxorubicin andhas been under clinical evaluation
(Grandi et al (1990) Cancer Treat. Rew. 17:133;
Ripamonti et al (1992) Brit. J . Cancer 65:703; ),
including phase II/III trials for hepatocellular
carcinoma (Sun et al (2003) Proceedings of the
American Society for Clinical Oncology 22, Absl448;
Quintieri (2003) Proceedings of the American
Association of Cancer Research, 44: 1st Ed, Abs 4649;
Pacciarini et al (2006) Jour. Clin. Oncology 24: 141
16) [0013] Nemorubicin is named as (8S,10S)-6,8,l
l-trihydroxy-10-((2R,4S,5S,6S)-5-
hydroxy-4-((S)-2-methoxymorpholino)-6-methyltetrahydro
-2H-pyran-2-yloxy)-8-(2-
hydroxyacetyl)-1-methoxy-7,8,9,10-tetrahydrotetracene-
5,12-dione, with CAS Reg. No. 108852-90-0, and has the
structure: [0014] Several metabolites of nemorubicin
(MMDX) from liver microsomes have been characterized,
including PNU-159682, (Quintieri et al (2005) Clinical
Cancer Research, 11(4): 1608-1617; Beulz-Riche et al
(2001) Fundamental & Clinical Pharmacology,
15(6):373-378; EP 0889898; WO 2004/082689; WO
2004/082579). PNU-159682 was remarkably more cytotoxic
than nemorubicin and doxorubicin in vitro, and was
effective in vivo tumor models. PNU-159682 (formula
(HA) is named as 3'-deamino-3",4'-anhydro-
[2"(S)-methoxy-3"(R)-oxy-4"-morpholinyl]doxorubicin,
and has the structure: IIA[0015] Certain PNU-159682
antibody-drug conjugates have been described
("NEMORUBICIN METABOLITE AND ANALOG ANTIBODY-DRUG
CONJUGATES AND METHODS", PCT/US2009/031199, filed 16
Jan 2009). [0016] SUMMARY OF THE INVENTION [0017] An
aspect of the present invention is to provide new
anthracycline derivative conjugates with carriers such
as monoclonal or polyclonal antibodies reactive with a
selected cell population, proteins, peptides or other
carriers of synthetic origin reactive with receptor
tissues. [0018] Another aspect is a process for the
preparation of such conjugates as well as useful
intermediates. [0019] The conjugates of the present
invention are characterized by the formula (I)
[Ant-L-Z-]m -T (I) [0020] wherein [0021] Ant is
anthracycline derivative residue, [0022] L is a
linker, [0023] Z is a spacer, [0024] m is an integer
of from 1 to 30 and [0025] T is carrier such as a
protein, peptide, monoclonal or polyclonal antibody or
a chemically modified derivative thereof suitable to
be attached to the [Ant-L-Z-] moiety or moieties, or a
polymeric carrier; [0026] characterized in that the
anthracycline derivative residue that Ant represents
can be released to give an anthracycline derivative of
formula (II): [0027] wherein Ri is hydrogen atom,
hydroxy or methoxy group and R2 is a C1-Cs alkoxy
group, or a pharmaceutically acceptable salt thereof.
[0028] The anthracycline derivative residue is
tethered to the carrier through a linkerspacer [L-Z-],
and the bond between the anthracycline derivative and
the linker arm can be cleaved under physiological
conditions so that to release an anthracycline
derivative of formula (II) as defined above, that is
the bioactive agent. [0029] For example, conjugates
wherein the bond between the anthracycline derivative
and the linker is sensitive to acid conditions or to
reducing conditions can release the anthracycline
derivative in the conditions typically encountered
within the cell, e.g., in lysosomal vesicles. [0030] A
preferred method of the present invention is to treat
specific types of cancer including but not limited to:
carcinoma such as bladder, breast, colon, kidney,
liver, lung, including small cell lung cancer,
esophagus, gall-bladder, ovary, pancreas, stomach,
cervix, thyroid, prostate, and skin, including
squamous cell carcinoma; hematopoietic tumors of
lymphoid lineage including leukaemia, acute
lymphocitic leukaemia, acute lymphoblastic leukaemia,
B-cell lymphoma, T-cell-lymphoma, Hodgkin's lymphoma,
non-Hodgkin's lymphoma, hairy cell lymphoma and
Burkett's lymphoma; hematopoietic tumors of myeloid
lineage, including acute and chronic myelogenous
leukemias, myelodysplastic syndrome and promyelocytic
leukaemia; tumors of mesenchymal origin, including
fibrosarcoma and rhabdomyosarcoma; tumors of the
central and peripheral nervous system, including
astrocytoma neuroblastoma, glioma and schwannomas;
other tumors, including melanoma, seminoma,
teratocarcinoma, osteosarcoma, xeroderma pigmentosum,
keratoxanthoma, thyroid follicular cancer and Kaposi's
sarcoma. [0031] Another preferred method of the
present invention is to treat specific cellular
proliferation disorders such as, for example, benign
prostate hyperplasia, familial adenomatosis polyposis,
neurofibromatosis, psoriasis, vascular smooth cell
proliferation associated with atherosclerosis,
pulmonary fibrosis, arthritis, glomerulonephritis and
post surgical stenosis and restenosis. [0032] The
anthracycline derivative conjugates of the formula (I)
can be prepared through a process consisting of
standard synthetic transformations; such process and
the intermediates used in such process are also
provided by the present invention. [0033] The present
invention also provides a pharmaceutical composition
comprising an anthracycline derivative conjugate of
the formula (I) or a pharmaceutically acceptable salt
thereof and a pharmaceutically acceptable excipient or
diluent. [0034] An aspect of the invention is an
anthracycline derivative of formula (lie) Ant-L-(Z) m-
X (lie)[0035] wherein Ant is an anthracycline
derivative selected from the structures: [0036] where
the wavy line indicates the attachment to linker L; Z
is an optional spacer; m is 0 or 1; X is a reactive
functional group; and n is an integer from 1 to 6.
[0037] An aspect of the invention is an antibody-drug
conjugate (ADC) compound comprising an antibody
covalently attached by a linker L and an optional
spacer Z to one or more anthracycline derivative drug
moieties D, the compound having formula (Ic) Ab-(L-Z
m-D) p (Ic) or a pharmaceutically acceptable salt
thereof, wherein p is an integer from 1 to 8. BRIEF
DESCRIPTION OF THE DRAWINGS [0038] Figure 1 shows in a
graph form the stability of the compound 2 shown in
Table 1 at pH 5.2 wherein in (Y) axis there is the
percentage amount of the compound of the formula (IIA)
as defined below, and in (X) axis the time in hours.
This graph demonstrates the acid-sensitivity of the
acetalic bound of the invention as indicated by the
increased release of the free compound of the formula
(IIA) from the conjugate under acid pH. [0039] Figure
2 shows an exemplary process to prepare Formula Ia
compounds by reacting anthracycline derivative Formula
II with vinyl ether compounds (X) or (IX) to give
acetal compound (XI), hydrolysis to a carboxy compound
(XII), and activation to form an Nhydroxy succinimide
(NHS) ester (XIII), ready for conjugation with a
carrier compound. [0040] Figure 3a shows an exemplary
process to prepare Formula Ia compounds by reaction of
activated N-hydroxy succinimide (NHS) ester (XIII)
with amino-thiol reagent (XXI) to give XXII which can
be reacted with pyridyl-disulfide carrier (T)
intermediate (VI) to give disulfide linked
anthracycline derivative conjugate (Ia), or reacted
with maleimidecarrier (T) intermediate (XXII) to give
maleimide linked anthracycline derivative conjugate 



(Ia). [0041] Figure 3b shows exemplary processes to
prepare Formula Ia compounds by reaction of activated
N-hydroxy succinimide (NHS) ester (XIII) with
amino-ester reagent (XVIII), followed by ester
hydrolysis to give carboxy anthracycline derivative
(XIX), which can be activated as an NHS ester and
coupled with amino carrier T intermediate, e.g. an
antibody, to give amide linked anthracycline
derivative conjugate (Ia). [0042] Figure 3c shows
exemplary processeses to prepare Formula Ia compounds
by reaction of activated N-hydroxy succinimide (NHS)
ester (XIII) with amino or thiol group of carrier T
(XIV), e.g. antibody to give amide or thioamide linked
anthracycline derivative conjugate (Ia) [0043] Figure
4 shows an exemplary process to react an anthracycline
derivative (II) with an acyl hydrazide derivative
(XXV) to form hydrazone (XXVI) followed by conjugation
with a carrier T reagent to give anthracycline
derivative conjugate (Ib). [0044] Figure 5a shows
exemplary processes: (2a) reacting an anthracycline
derivative hydrazone (XXVI) with a thiol- or
amino-carrier T compound (XIV) to give an
anthracycline derivative conjugate (Ib); (2b) reacting
an anthracycline derivative hydrazone (XXVI) with
reagent (XXVII), followed by deprotection to (XXVIII)
and coupling with carboxyl-carrier T compound (XVII)
to give an anthracycline derivative conjugate (Ib);
and (2d) condensation of deprotected (XXVIII) with
aldehyde-carrier T compound (XX) to give anthracycline
derivative conjugate (Ib). [0045] Figure 5b shows an
exemplary process: (2c) reacting an anthracycline
derivative hydrazone (XXVI) with reagent (XXIX),
followed by deprotection and coupling with
amino-carrier T compound to give anthracycline
derivative conjugate (Ib) [0046] Figure 5c shows
exemplary processes: (2e) reacting an anthracycline
derivative hydrazone (XXVI) with reagent (XXXI) to
give (XXXII), followed by (2e") coupling with pyridyl
disulfide carrier compound (VI) to give anthracycline
derivative conjugate (Ib), and (2e') coupling (XXXII)
with maleimide carrier compound (V) to give
anthracycline derivative conjugate (Ib). [0047] Figure
6 shows an exemplary process to react an anthracycline
derivative (II) with a acyl hydrazide, pyridyl
disulfide (XXXIII) to form pyridyl disulfide hydrazone
(XXXIV) followed by conjugation with a carrier T
reagent to give anthracycline derivative conjugate
(Ib). [0048] Figure 7a shows exemplary processeses:
(3a) reacting an anthracyclinederivative (XXXIV) with
a thiol-carrier (XIV) to give anthracycline derivative
conjugate (Ib); (3b) reacting an anthracycline
derivative (XXXIV) with a thiol compound (XXXV) to
give amine disulfide compound (XXXVI) which is coupled
with a carboxyl-carrier T reagent to give
anthracycline derivative conjugate (Ib); and (3d)
condensation of deprotected (XXXVI) with
aldehyde-carrier T compound (XX) to give anthracycline
derivative conjugate (Ib). [0049] Figure 7b shows an
exemplary process (3c) reacting an anthracycline
derivative (XXXIV) with thiol ester (XXXVII), followed
deprotection to carboxyl disulfide compound (XXXVIII),
and coupling with amino-carrier T (XIV) to give
anthracycline derivative conjugate (Ib). [0050] Figure
7c shows exemplary processes: (3e) reacting an
anthracycline derivative (XXXIV) thiol reagent (XXXIX)
to give disulfide thiol (XL), (3e') coupling disulfide
thiol (XL) with pyridyl disulfide carrier compound
(VI) to give anthracycline derivative conjugate (Ib);
and coupling disulfide thiol (XL) with maleimide
carrier compound (V) to give anthracycline derivative
conjugate (Ib). [0051] Figure 7d shows a synthetic
route to drug-linker intermediate N-[6-(2,5-dioxo-
2,5-dihydro-1H
-pyrrol-1-yl)hexanoyl]-L-valyl-N5-carbamoyl-N-[4-({[(4
-{[(25',4S)-2,5,12- trihydroxy-7-methoxy-4- {[(
1S,3R,4aS,9S,9aR, 10aS)-9-methoxy- 1-methyloctahydro-
IHpyrano[
4',3':4,5][1,3]oxazolo[2,3-c][1,4]oxazin-3-yl]oxy}-6,l
l-dioxo-1,2,3,4,6,l l -
hexahydrotetracen-2-yl]carbonyl}piperazin-1-yl)carbony
l]oxy}methyl)phenyl]-Lornithinamide 55 [0052] Figure 8
shows a plot of SK-BR-3 in vitro cell viability at 3
days versus nM concentrations of: free drug PNU-159682
continuous exposure, PNU-159682 1hr incubation,
NHS-ketal-Ant 50, maleimide-ketal-Ant 51,
maleimide-hydrazone-Ant 52, and thiopyridinehydrazone-
Ant 53. [0053] Figure 9 shows a plot of BT-474 in
vitro cell viability at 3 days versus nM
concentrations of: free drug PNU-159682 continuous
exposure, PNU-159682 1hr incubation, NHS-ketal-Ant 50,
maleimide-ketal-Ant 51, maleimide-hydrazone-Ant 52,
and thiopyridinehydrazone- Ant 53. [0054] Figure 10
shows a plot of BT-474 in vitro cell viability at 3
days versus nM concentrations of: free drug PNU-159682
continuous exposure, PNU-159682 1hr incubation,
NHS-ketal-Ant 50, maleimide-ketal-Ant 51,
maleimide-hydrazone-Ant 52, and thiopyridinehydrazone-
Ant 53. [0055] Figure 11 shows a plot of
doxorubicin-resistant (DoxRes) Her2 in vitro
cellviability at 3 days versus nM concentrations of:
free drug PNU-159682 continuous exposure, PNU- 159682
1 hr incubation, NHS-ketal-Ant 50, maleimide-ketal-Ant
51, maleimidehydrazone- Ant 52, and
thiopyridine-hydrazone-Ant 53. The DoxRes Her2 cell
line is also known as "AdrRes Her2". [0056] Figure 12
shows a plot of SK-BR-3 in vitro cell viability at 3
days versus concentrations of: trastuzumab,
trastuzumab-MCC-DMl 101, thio-trastuzumab (HC Al 14C)-
maleimide ketal-Ant 102, thio-trastuzumab (HC Al
14C)-maleimide hydrazone-Ant 103. (Heavy chain
antibody number by Kabat numbering scheme) [0057]
Figure 13 shows a plot of BT-474 in vitro cell
viability at 3 days versus concentrations of:
trastuzumab, trastuzumab-MCC-DMl 101, thio-trastuzumab
(HC Al 14C)- maleimide ketal-Ant 102, thio-trastuzumab
(HC Al 14C)-maleimide hydrazone-Ant 103. [0058] Figure
14 shows a plot of MCF-7 in vitro cell viability at 3
days versus concentrations of: trastuzumab,
trastuzumab-MCC-DMl 101, thio-trastuzumab (HC Al 14C)-
maleimide ketal-Ant 102, thio-trastuzumab (HC Al
14C)-maleimide hydrazone-Ant 103. [0059] Figure 15
shows a plot of doxorubicin-resistant (DoxRes) Her2 in
vitro cell viability at 3 days versus concentrations
of: trastuzumab, trastuzumab-MCC-DMl 101,
thiotrastuzumab (HC Al 14C)-maleimide ketal-Ant 102,
thio-trastuzumab (HC Al 14C)- maleimide hydrazone-Ant
103. [0060] Figure 16 shows a plot of SK-BR-3 in vitro
cell viability at 3 days versus concentrations of:
anti-CD22 NHS ketal-Ant 110, trastuzumab,
trastuzumab-MCC-DMl 101, thio-trastuzumab (HC
A114C)-NHS-ketal-Ant 105. [0061] Figure 17 shows a
plot of BT-474 in vitro cell viability at 3 days
versus concentrations of: anti-CD22 NHS ketal-Ant 110,
trastuzumab, trastuzumab-MCC-DMl 101, thio-trastuzumab
(HC A114C)-NHS-ketal-Ant 105. [0062] Figure 18 shows a
plot of MCF-7 in vitro cell viability at 3 days versus
concentrations of: anti-CD22 NHS ketal-Ant 110,
trastuzumab, trastuzumab-MCC-DMl 101, thio-trastuzumab
(HC A114C)-NHS-ketal-Ant 105. [0063] Figure 19 shows a
plot of doxorubicin-resistant (DoxRes) Her2 in vitro
cell viability at 3 days versus concentrations of:
anti-CD22 NHS ketal-Ant 110, trastuzumab,
trastuzumab-MCC-DMl 101, thio-trastuzumab (HC
A114C)-NHS-ketal-Ant 105. 



[0064] Figure 20 shows a plot of SK-BR-3 in vitro cell
viability at 3 days versus concentrations (mg/ml) of:
thio-trastuzumab (HC Al 14C)-maleimide ketal-Ant 102,
thiotrastuzumab (HC Al 14C)-maleimide hydrazone-Ant
103, thio-trastuzumab (HC Al 14C)- thiopyridine
hydrazone-Ant 104, thio-trastuzumab (HC Al
14C)-NHS-ketal-Ant 105,trastuzumab-MCC-DMl 101,
thio-trastuzumab (HC A114C)-MC-vc-PAB-MMAE 106. [0065]
Figure 2 1 shows a plot of SK-BR-3 in vitro cell
viability at 3 days versus concentrations of:
trastuzumab, thio-anti-CD22 (HC Al 14C)-maleimide
ketal-Ant 107, thioanti- CD22 (HC Al 14C)-maleimide
hydrazone-Ant 108, thio-anti-CD22 (HC Al 14C)-
thiopyridine hydrazone-Ant 109,
anti-CD22-NHS-ketal-Ant 110, PNU- 159682 free drug.
[0066] Figure 22 shows a plot of BT-474 in vitro cell
viability at 3 days versus concentrations of:
thio-trastuzumab (HC A114C)-maleimide ketal-Ant 102,
thio-trastuzumab (HC Al 14C)-maleimide hydrazone-Ant
103, thio-trastuzumab (HC Al 14C)-thiopyridine
hydrazone-Ant 104, thio-trastuzumab (HC
A114C)-NHS-ketal-Ant 105, trastuzumab-MCCDMl 101,
thio-trastuzumab (HC Al 14C)-MC-vc-PAB-MMAE 106.
[0067] Figure 23 shows a plot of BT-474 in vitro cell
viability at 3 days versus concentrations of:
trastuzumab, thio-anti-CD22 (HC Al 14C)-maleimide
ketal-Ant 107, thioanti- CD22 (HC Al 14C)-maleimide
hydrazone-Ant 108, thio-anti-CD22 (HC Al 14C)-
thiopyridine hydrazone-Ant 109,
anti-CD22-NHS-ketal-Ant 110, PNU- 159682 free drug.
[0068] Figure 24 shows a plot of MCF-7 in vitro cell
viability at 3 days versus concentrations of:
thio-trastuzumab (HC A114C)-maleimide ketal-Ant 102,
thio-trastuzumab (HC Al 14C)-maleimide hydrazone-Ant
103, thio-trastuzumab (HC Al 14C)-thiopyridine
hydrazone-Ant 104, thio-trastuzumab (HC
A114C)-NHS-ketal-Ant 105, trastuzumab-MCCDMl 101,
thio-trastuzumab (HC Al 14C)-MC-vc-PAB-MMAE 106.
[0069] Figure 25 shows a plot of MCF-7 in vitro cell
viability at 3 days versus concentrations of:
trastuzumab, thio-anti-CD22 (HC Al 14C)-maleimide
ketal-Ant 107, thioanti- CD22 (HC Al 14C)-maleimide
hydrazone-Ant 108, thio-anti-CD22 (HC Al 14C)-
thiopyridine hydrazone-Ant 109,
anti-CD22-NHS-ketal-Ant 110, PNU-159682 free drug.
[0070] Figure 26 shows a plot of doxorubicin-resistant
(DoxRes) Her2 in vitro cell viability at 3 days versus
concentrations of: thio-trastuzumab (HC Al
14C)-maleimide ketal- Ant 102, thio-trastuzumab (HC Al
14C)-maleimide hydrazone-Ant 103, thio-trastuzumab (HC
Al 14C)-thiopyridine hydrazone-Ant 104,
thio-trastuzumab (HC Al 14C)-NHS-ketal-Ant 105,
trastuzumab-MCC-DMl 101, thio-trastuzumab (HC Al
14C)-MC-vc-PAB-MMAE 106. [0071] Figure 27 shows a plot
of doxorubicin-resistant (DoxRes) Her2 in vitro cell
viability at 3 days versus concentrations of:
trastuzumab, thio-anti-CD22 (HC Al 14C)- maleimide
ketal-Ant 107, thio-anti-CD22 (HC Al 14C)-maleimide
hydrazone-Ant 108, thioanti- CD22 (HC Al
14C)-thiopyridine hydrazone-Ant 109,
anti-CD22-NHS-ketal-Ant 110, PNU-159682 free drug.
[0072] Figure 28 shows a plot of doxorubicin-resistant
(DoxRes) Her2 in vitro cellviability at 3 days versus
concentrations of: thio-trastuzumab (HC Al
14C)-maleimide ketal- Ant 102, thio-trastuzumab (HC Al
14C)-maleimide hydrazone-Ant 103, thio-trastuzumab (HC
Al 14C)-thiopyridine hydrazone-Ant 104,
thio-trastuzumab (HC Al 14C)-NHS-ketal-Ant 105,
trastuzumab-MCC-DMl 101, thio-trastuzumab (HC Al
14C)-MC-vc-PAB-MMAE 106. [0073] Figure 29 shows a plot
of doxorubicin-resistant (DoxRes) Her2 in vitro cell
viability at 3 days versus concentrations of:
trastuzumab, thio-anti-CD22 (HC Al 14C)- maleimide
ketal-Ant 107, thio-anti-CD22 (HC Al 14C)-maleimide
hydrazone-Ant 108, thioanti- CD22 (HC Al
14C)-thiopyridine hydrazone-Ant 109,
anti-CD22-NHS-ketal-Ant 110, PNU- 159682 free drug,
all plus verapamil. [0074] Figure 30 shows a plot of
the in vivo mean tumor volume change over time in
Burkitt's lymphoma Bjab-luc xenograft tumors
inoculated into CB17 SCID mice after single
intravenous (iv) dosing on day 0 with: (1) Vehicle,
(2) thio-anti-CD22 (HC Al 14C)-MC-vc- PAB-MMAE 111 1
mg/kg, (3) thio-trastuzumab (HC Al 14C)-maleimide
ketal-Ant 102 1 mg/kg, (4) thio-trastuzumab (HC Al
14C)-maleimide ketal-Ant 102 5 mg/kg, (5) thio-anti-
CD22 (HC Al 14C)-maleimide ketal-Ant 107 1 mg/kg, (6)
thio-anti-CD22 (HC Al 14C)- maleimide ketal-Ant 107 5
mg/kg, (7) thio-trastuzumab (HC Al 14C)-maleimide
hydrazone- Ant 103 1 mg/kg, (8) thio-anti-CD22 (HC
A114C)-maleimide hydrazone-Ant 108 1 mg/kg, (9)
PNU-159682 free drug 8.77 ug/kg (26 ug/m2 exposure),
matched to the drug dose of 1 mg/kg antibody-drug
conjugates. [0075] Figure 31 shows a plot of the in
vivo mean tumor volume change over time in MMTV-HER2
Fo5 mammary allograft tumors inoculated into CRL nu/nu
mice after single iv dosing on day 0 with: (1)
Vehicle, (2) trastuzumab-MCC-DMl 101 5 /mg/kg, (3)
trastuzumab-MCC-DMl 101 10 mg/kg, (4) thio-trastuzumab
(HC Al 14C)-maleimide ketal- Ant 102 5 mg/kg, (5)
thio-trastuzumab (HC Al 14C)-maleimide ketal-Ant 102
10 mg/kg, (6) thio-anti-CD22 (HC Al 14C)-maleimide
ketal-Ant 107 5 mg/kg, (7) thio-anti-CD22 (HC Al
14C)-maleimide ketal-Ant 107 10 mg/kg, (8)
trastuzumab-MCC-DMl 101 5 mg/kg + thio-trastuzumab (HC
A114C)-maleimide ketal-Ant 102 5 mg/kg. [0076] Figure
32 shows a plot of the in vivo mean tumor volume
change over time in LnCap-Ner xenograft tumors
inoculated into male SCID-beige mice after single iv
dosing on day 0 with: (1) Vehicle, (2) thio-anti-steap
1 (HC A114C)-MC-vc-PAB-MMAE 112 1 mg/kg, (3)
thio-anti-steap 1 (HC Al 14C)-MC-vc-PAB-MMAE 112 3
mg/kg, (4) thio-anti-steap 1 (HC Al 14C)-maleimide
ketal-Ant 113 1 mg/kg, (5) thio-anti-steap 1 (HC
A114C)-maleimide ketal-Ant 113 3 mg/kg, (6)
thio-anti-steap 1 (HC Al 14C)-maleimide ketal-Ant 113
6 mg/kg, (7) thio-anti-CD22 (HC Al 14C)-maleimide
ketal-Ant 107 1 mg/kg, (8) thio-anti-CD22 (HCAl
14C)-maleimide ketal-Ant 107 3 mg/kg, (9)
thio-anti-CD22 (HC Al 14C)-maleimide ketal-Ant 107 6
mg/kg DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0077] Reference will now be made in detail to certain
embodiments of the invention, examples of which are
illustrated in the accompanying structures and
formulas. While the invention will be described in
conjunction with the enumerated embodiments, it will
be understood that they are not intended to limit the
invention to those embodiments. On the contrary, the
invention is intended to cover all alternatives,
modifications, and equivalents, which may be included
within the scope of the present invention as defined
by the claims. One skilled in the art will recognize
many methods and materials similar or equivalent to
those described herein, which could be used in the
practice of the present invention. The present
invention is in no way limited to the methods and
materials described. Unless defined otherwise,
technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs, and
are consistent with: Singleton et ah, (1994)
Dictionary of Microbiology and Molecular Biology, 2nd
Ed., J . Wiley & Sons, New York, NY; and Janeway, C ,
Travers, P., Walport, M., Shlomchik (2001) Immuno
Biology, 5th Ed., Garland Publishing, New York.
DEFINITIONS [0078] Unless stated otherwise, the
following terms and phrases as used herein are
intended to have the following meanings. [0079] When
trade names are used herein, applicants intend to
independently include the trade name product
formulation, the generic drug, and the active
pharmaceutical ingredient(s) of the trade name
product. [0080] "Anthracycline derivative" is a
nemorubicin metabolite, or analog compound, including
but not limited to PNU-159682. [0081] "Anthracycline
derivative conjugate" is a compound comprised of an 



anthracycline derivative covalently attached through a
linker to a carrier moiety, including antibodies,
proteins or peptides. Anthracycline derivative
conjugate compounds include antibody-drug conjugate
(ADC) compounds. [0082] The term "amino acid side
chain" includes those groups found in: (i) naturally
occurring amino acids such as alanine, arginine,
asparagine, aspartic acid, cysteine, glutamine,
glutamic acid, glycine, histidine, isoleucine,
leucine, lysine, methionine,phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, and valine;
(ii) minor amino acids such as ornithine and
citrulline; (iii) unnatural amino acids, beta-amino
acids, synthetic analogs and derivatives of naturally
occurring amino acids; and (iv) all enantiomers,
diastereomers, isomerically enriched, isotopically
labelled (e.g. 2H, 3H, 14C, 15N), protected forms, and
racemic mixtures thereof. [0083] The term "antibody"
herein is used in the broadest sense and specifically
covers monoclonal antibodies, polyclonal antibodies,
dimers, multimers, multispecific antibodies (e.g.,
bispecif c antibodies), and antibody fragments, so
long as they exhibit the desired biological activity
(Miller et al (2003) Jour of Immunology
170:4854-4861). Antibodies may be murine, human,
humanized, chimeric, or derived from other species. An
antibody is a protein generated by the immune system
that is capable of recognizing and binding to a
specific antigen. (Janeway, C , Travers, P., Walport,
M., Shlomchik (2001) Immuno Biology, 5th Ed., Garland
Publishing, New York). A target antigen generally has
numerous binding sites, also called epitopes,
recognized by CDRs on multiple antibodies. Each
antibody that specifically binds to a different
epitope has a different structure. Thus, one antigen
may have more than one corresponding antibody. An
antibody includes a fulllength immunoglobulin molecule
or an immunologically active portion of a full-length
immunoglobulin molecule, i.e., a molecule that
contains an antigen binding site that
immunospecifically binds an antigen of a target of
interest or part thereof, such targets including but
not limited to, cancer cell or cells that produce
autoimmune antibodies associated with an autoimmune
disease. The immunoglobulin can be of any type (e.g.,
IgG, IgE, IgM, IgD, and IgA), class (e.g., IgGl, IgG2,
IgG3, IgG4, IgAl and IgA2) or subclass of
immunoglobulin molecule. The immunoglobulins can be
derived from any species, including human, murine, or
rabbit origin. [0084] "Antibody fragments" comprise a
portion of a full length antibody, generally the
antigen binding or variable region thereof. Examples
of antibody fragments include Fab, Fab', F(ab')2, and
Fv fragments; diabodies; linear antibodies; fragments
produced by a Fab expression library, anti-idiotypic
(anti-Id) antibodies, CDR (complementary determining
region), and epitope-binding fragments of any of the
above which immunospecifically bind to cancer cell
antigens, viral antigens or microbial antigens,
single-chain antibody molecules; and multispecific
antibodies formed from antibody fragments. [0085] The
term "monoclonal antibody" as used herein refers to an
antibody obtained from a population of substantially
homogeneous antibodies, i.e. the individual antibodies
comprising the population are identical except for
possible naturally occurring mutations thatmay be
present in minor amounts. Monoclonal antibodies are
highly specific, being directed against a single
antigenic site. Furthermore, in contrast to polyclonal
antibody preparations which include different
antibodies directed against different determinants
(epitopes), each monoclonal antibody is directed
against a single determinant on the antigen. In
addition to their specificity, the monoclonal
antibodies are advantageous in that they may be
synthesized uncontaminated by other antibodies. The
modifier "monoclonal" indicates the character of the
antibody as being obtained from a substantially
homogeneous population of antibodies, and is not to be
construed as requiring production of the antibody by
any particular method. For example, the monoclonal
antibodies to be used in accordance with the present
invention may be made by the hybridoma method first
described by Kohler et al (1975) Nature 256:495, or
may be made by recombinant DNA methods (see, US
4816567). The monoclonal antibodies may also be
isolated from phage antibody libraries using the
techniques described in Clackson et al (1991) Nature,
352:624-628; Marks et al (1991) J . MoI. Biol.,
222:581-597. [0086] The monoclonal antibodies herein
specifically include "chimeric" antibodies in which a
portion of the heavy and/or light chain is identical
with or homologous to corresponding sequences in
antibodies derived from a particular species or
belonging to a particular antibody class or subclass,
while the remainder of the chain(s) is identical with
or homologous to corresponding sequences in antibodies
derived from another species or belonging to another
antibody class or subclass, as well as fragments of
such antibodies, so long as they exhibit the desired
biological activity (US 4816567; and Morrison et al
(1984) Proc. Natl. Acad. Sci. USA, 81:6851-6855).
Chimeric antibodies include "primatized" antibodies
comprising variable domain antigen-binding sequences
derived from a non-human primate (e.g., Old World
Monkey or Ape) and human constant region sequences.
[0087] An "intact antibody" herein is one comprising a
VL and VH domains, as well as a light chain constant
domain (CL) and heavy chain constant domains, CHl, CH2
and CH3. The constant domains may be native sequence
constant domains (e.g., human native sequence constant
domains) or amino acid sequence variant thereof. The
intact antibody may have one or more "effector
functions" which refer to those biological activities
attributable to the Fc region (a native sequence Fc
region or amino acid sequence variant Fc region) of an
antibody. Examples of antibody effector functions
include CIq binding; complement dependent
cytotoxicity; Fc receptor binding; antibody-dependent
cell-mediated cytotoxicity (ADCC); phagocytosis; and
down regulation of cell surface receptors such as B
cell receptor and BCR.[0088] Depending on the amino
acid sequence of the constant domain of their heavy
chains, intact antibodies can be assigned to different
"classes." There are five major classes of intact
antibodies: IgA, IgD, IgE, IgG, and IgM, and several
of these may be further divided into "subclasses"
(isotypes), e.g., IgGl, IgG2, IgG3, IgG4, IgA, and
IgA2. The heavy-chain constant domains that correspond
to the different classes of antibodies are called a,
d, e, g , and m, respectively. The subunit structures
and three-dimensional configurations of different
classes of immunoglobulins are well known. [0089] An
"ErbB receptor" is a receptor protein tyrosine kinase
which belongs to the ErbB receptor family which are
important mediators of cell growth, differentiation
and survival. The ErbB receptor family includes four
distinct members including epidermal growth factor
receptor (EGFR, ErbBl, HERl), HER2 (ErbB2 or pl85" "),
HER3 (ErbB3) and HER4 (ErbB4 or tyro2). The ErbB
receptor will generally comprise an extracellular
domain, which may bind an ErbB ligand; a lipophilic
transmembrane domain; a conserved intracellular
tyrosine kinase domain; and a carboxyl-terminal
signaling domain harboring several tyrosine residues
which can be phosphorylated. The ErbB receptor may be
a "native sequence" ErbB receptor or an "amino acid
sequence variant" thereof. The ErbB receptor may be
native sequence human ErbB receptor. Accordingly, a
"member of the ErbB receptor family" is EGFR (ErbBl),
ErbB2, ErbB3, ErbB4 or any other ErbB receptor
currently known or to be identified in the future.
Sequence identity screening has resulted in the
identification of two other ErbB receptor family
members; ErbB3 (US 5183884; US 5480968; Kraus et al
(1989) PNAS (USA) 86:9193-9197) and ErbB4 (EP 599274;
Plowman et al (1993) Proc. Natl. Acad. Sci. USA,
90:1746-1750; and Plowman et al (1993) Nature
366:473-475). Both of these receptors display
increased expression on at least some breast cancer
cell lines. Anti- ErbB2 antibodies have been
characterized (US 5677171; US 5821337; US 6054297; US 



6165464; US 6407213; US 6719971; US 6800738; Fendly et
al (1990) Cancer Research 50: 1550-1558; Kotts et al.
(1990) In Vitro 26(3):59A; Sarup et al. (1991) Growth
Regulation 1:72-82; Shepard et al. J . (1991) Clin.
Immunol. 11(3): 117-127; Kumar et al. (199I) MoI.
Cell. Biol. 11(2):979-986; Lewis et al. (1993) Cancer
Immunol. Immunother. 37:255-263; Pietras et al. (1994)
Oncogene 9:1829-1838; Vitetta et al. (1994) Cancer
Research 54:5301- 5309; Sliwkowski et al. (1994) J .
Biol. Chem. 269(20): 14661-14665; Scott et al. (1991)
J . Biol. Chem. 266:14300-5; D'souza et al. Proc.
Natl. Acad. Sci. (1994) 91:7202-7206; Lewis et al.
(1996) Cancer Research 56:1457-1465; and Schaefer et
al. (1997) Oncogene 15:1385- 1394. [0090] "Humanized"
forms of non-human (e.g., rodent) antibodies are
chimericantibodies that contain minimal sequence
derived from non-human immunoglobulin. For the most
part, humanized antibodies are human immunoglobulins
(recipient antibody) in which residues from a
hypervariable region of the recipient are replaced by
residues from a hypervariable region of a non-human
species (donor antibody) such as mouse, rat, rabbit or
nonhuman primate having the desired specificity,
affinity, and capacity. In some instances, framework
region (FR) residues of the human immunoglobulin are
replaced by corresponding non-human residues.
Furthermore, humanized antibodies may comprise
residues that are not found in the recipient antibody
or in the donor antibody. These modifications are made
to further refine antibody performance. In general,
the humanized antibody will comprise substantially all
of at least one, and typically two, variable domains,
in which all or substantially all of the hypervariable
loops correspond to those of a nonhuman immunoglobulin
and all, or substantially all, of the FRs are those of
a human immunoglobulin sequence. The humanized
antibody optionally also will comprise at least a
portion of an immunoglobulin constant region (Fc),
typically that of a human immunoglobulin (Jones et al
(1986) Nature, 321:522-525; Riechmann et al (1988)
Nature 332:323-329; and Presta, (1992) Curr. Op.
Struct. Biol., 2:593-596). Humanized anti-ErbB2
antibodies include huMAb4D5-l, huMAb4D5-2, huMAb4D5-3,
huMAb4D5-4, huMAb4D5- 5, huMAb4D5-6, huMAb4D5-7 and
huMAb4D5-8 (HERCEPTIN(r), trastuzumab) as described in
Table 3 of US 5821337 expressly incorporated herein by
reference; humanized 520C9 (WO 93/21319) and humanized
2C4 antibodies. [0091] The terms "treat" and
"treatment" refer to both therapeutic treatment and
prophylactic or preventative measures, wherein the
object is to prevent or slow down (lessen) an
undesired physiological change or disorder, such as
the development or spread of cancer. For purposes of
this invention, beneficial or desired clinical results
include, but are not limited to, alleviation of
symptoms, diminishment of extent of disease,
stabilized (i.e., not worsening) state of disease,
delay or slowing of disease progression, amelioration
or palliation of the disease state, and remission
(whether partial or total), whether detectable or
undetectable. "Treatment" can also mean prolonging
survival as compared to expected survival if not
receiving treatment. Those in need of treatment
include those already with the condition or disorder
as well as those prone to have the condition or
disorder or those in which the condition or disorder
is to be prevented. [0092] A "disorder" is any
condition that would benefit from treatment of the
present invention. This includes chronic and acute
disorders or diseases including those pathological
conditions which predispose the mammal to the disorder
in question. Non-limiting examplesof disorders to be
treated herein include benign and malignant tumors;
leukemia and lymphoid malignancies, in particular
breast, ovarian, stomach, endometrial, salivary gland,
lung, kidney, colon, thyroid, pancreatic, prostate or
bladder cancer; neuronal, glial, astrocytal,
hypothalamic and other glandular, macrophagal,
epithelial, stromal and blastocoelic disorders; and
inflammatory, angiogenic and immunologic disorders. An
exemplary disorder to be treated in accordance with
the present invention is a solid, malignant tumor.
[0093] The term "therapeutically effective amount"
refers to an amount of a drug effective to treat a
disease or disorder in a mammal. In the case of
cancer, the therapeutically effective amount of the
drug may: (i) reduce the number of cancer cells; (ii)
reduce the tumor size; (iii) inhibit, retard, slow to
some extent and preferably stop cancer cell
infiltration into peripheral organs; (iv) inhibit
(i.e., slow to some extent and preferably stop) tumor
metastasis; (v) inhibit tumor growth; and/or (vi)
relieve to some extent one or more of the symptoms
associated with the cancer. To the extent the drug may
prevent growth and/or kill existing cancer cells, it
may be cytostatic and/or cytotoxic. In animal models,
efficacy may be assessed by physical measurements of
the tumor during the course following administration
of the ADC, and by determining partial and complete
remission of tumor. For cancer therapy, efficacy can,
for example, be measured by assessing the time to
disease progression (TTP) and/or determining the
response rate (RR). [0094] The term "bioavailability"
refers to the systemic availability (i.e.,
blood/plasma levels) of a given amount of drug
administered to a patient. Bioavailability is an
absolute term that indicates measurement of both the
time (rate) and total amount (extent) of drug that
reaches the general circulation from an administered
dosage form. [0095] The terms "cancer" and "cancerous"
refer to or describe the physiological condition in
mammals that is typically characterized by unregulated
cell growth. A "tumor" comprises one or more cancerous
cells. Examples of cancer include, but are not limited
to, carcinoma, lymphoma, blastoma, sarcoma, and
leukemia or lymphoid malignancies. More particular
examples of such cancers include squamous cell cancer
(e.g., epithelial squamous cell cancer), lung cancer
including small-cell lung cancer, non-small cell lung
cancer ("NSCLC"), adenocarcinoma of the lung and
squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gastric or stomach
cancer including gastrointestinal cancer,
gastrointestinal stromal tumor (GIST), pancreatic
cancer, glioblastoma, cervical cancer, ovarian cancer,
liver cancer, bladder cancer, hepatoma, breast cancer,
colon cancer, rectal cancer, colorectal cancer,
endometrial or uterine carcinoma, salivary gland
carcinoma, kidney or renal cancer, prostate cancer,
vulval cancer, thyroid cancer, hepatic carcinoma,
analcarcinoma, penile carcinoma, as well as head and
neck cancer. [0096] An "ErbB-expressing cancer" is one
comprising cells which have ErbB protein present at
their cell surface. An "ErbB2-expressing cancer" is
one which produces sufficient levels of ErbB2 at the
surface of cells thereof, such that an anti-ErbB2
antibody can bind thereto and have a therapeutic
effect with respect to the cancer. [0097] A cancer
which "overexpresses" a receptor, e.g. an ErbB
receptor, is one which has significantly higher levels
of the receptor, such as ErbB2, at the cell surface
thereof, compared to a noncancerous cell of the same
tissue type. Such overexpression may be caused by gene
amplification or by increased transcription or
translation. Receptor overexpression may be determined
in a diagnostic or prognostic assay by evaluating
increased levels of the receptor protein present on
the surface of a cell (e.g., via an
immunohistochemistry assay; 1HC). Alternatively, or
additionally, one may measure levels of
receptor-encoding nucleic acid in the cell, e.g., via
fluorescent in situ hybridization (FISH; see WO
98/45479), southern blotting, or polymerase chain
reaction (PCR) techniques, such as real time
quantitative PCR (RT-PCR). Overexpression of the
receptor ligand, may be determined diagnostically by
evaluating levels of the ligand (or nucleic acid
encoding it) in the patient, e.g., in a tumor biopsy
or by various diagnostic assays such as the 1HC, FISH,
southern blotting, PCR or in vivo assays described
above. One may also study receptor overexpression by
measuring a shed antigen (e.g., ErbB extracellular
domain) in a biological fluid such as serum (see,
e.g., US 4933294; WO 91/05264; US 5401638; and Sias et
al (1990) 



J . Immunol. Methods 132: 73-80). Aside from the above
assays, various other in vivo assays are available to
the skilled practitioner. For example, one may expose
cells within the body of the patient to an antibody
which is optionally labeled with a detectable label,
e.g., a radioactive isotope, and binding of the
antibody to cells in the patient can be evaluated,
e.g., by external scanning for radioactivity or by
analyzing a biopsy taken from a patient previously
exposed to the antibody. [0098] The term "cytotoxic
agent" as used herein refers to a substance that
inhibits or prevents the function of cells and/or
causes destruction of cells. The term is intended to
include radioactive isotopes (e.g., 211At, 131 I,
1251, 90Y, 186Re, 188Re, 153Sm, 212Bi, 32P, 6C, and
radioactive isotopes of Lu), chemotherapeutic agents,
and toxins such as small molecule toxins or
enzymatically active toxins of bacterial, fungal,
plant or animal origin, including synthetic analogs
and derivatives thereof. [0099] A "chemotherapeutic
agent" is a chemical compound useful in the treatment
of cancer, regardless of mechanism of action. Classes
of chemotherapeutic agents include, butare not limited
to: alkyating agents, antimetabolites, spindle poison
plant alkaloids, cytoxic/antitumor antibiotics,
topoisomerase inhibitors, antibodies,
photosensitizers, and kinase inhibitors.
Chemotherapeutic agents include compounds used in
"targeted therapy" and conventional chemotherapy.
Examples of chemotherapeutic agents include: erlotinib
(TARCEVA(r), Genentech/OSI Pharm.), docetaxel
(TAXOTERE(r), Sanofi-Aventis), 5-FU (fluorouracil,
5-fluorouracil, CAS No. 51-21-8), gemcitabine
(GEMZAR(r), Lilly), PD- 0325901 (CAS No. 391210-10-9,
Pfizer), cisplatin (cis-diamine,dichloroplatinum(II),
CAS No. 15663-27-1), carboplatin (CAS No. 41575-94-4),
paclitaxel (TAXOL(r), Bristol-Myers Squibb Oncology,
Princeton, N.J.), trastuzumab (HERCEPTIN(r),
Genentech), temozolomide (4-methyl-5-oxo-
2,3,4,6,8-pentazabicyclo [4.3.0] nona-2,7,9-triene-
9-carboxamide, CAS No. 85622-93-1, TEMODAR(r),
TEMODAL(r), Schering Plough), tamoxifen
((Z)-2-[4-(1,2- diphenylbut- 1-enyl)phenoxy]
-N,N-dimethyl-ethanamine, NOLVADEX(r), ISTUBAL(r),
VALODEX(r)), and doxorubicin (ADRIAMYCIN(r)),
Akti-1/2, HPPD, and rapamycin. [0100] More examples of
chemotherapeutic agents include: oxaliplatin
(ELOXATIN(r), Sanofi), bortezomib (VELCADE(r),
Millennium Pharm.), sutent (SUNITINIB(r), SUl 1248,
Pfizer), letrozole (FEMARA(r), Novartis), imatinib
mesylate (GLEEVEC(r), Novartis), XL-518 (Mek
inhibitor, Exelixis, WO 2007/044515), ARRY-886 (Mek
inhibitor, AZD6244, Array BioPharma, Astra Zeneca),
SF-1 126 (PI3K inhibitor, Semafore Pharmaceuticals),
BEZ-235 (PI3K inhibitor, Novartis), XL- 147 (PI3K
inhibitor, Exelixis), PTK787/ZK 222584 (Novartis),
fulvestrant (FASLODEX(r), AstraZeneca), leucovorin
(folinic acid), rapamycin (sirolimus, RAPAMUNE(r),
Wyeth), lapatinib (TYKERB(r), GSK572016, Glaxo Smith
Kline), lonafarnib (SARASAR(tm), SCH 66336, Schering
Plough), sorafenib (NEXAVAR(r), BAY43-9006, Bayer
Labs), gefitinib (IRESSA(r), AstraZeneca), irinotecan
(CAMPTOSAR(r), CPT-1 1, Pfizer), tipifarnib
(ZARNESTRA(tm), Johnson & Johnson), ABRAXANE(tm)
(Cremophor-free), albuminengineered nanoparticle
formulations of paclitaxel (American Pharmaceutical
Partners, Schaumberg, II), vandetanib (rlNN, ZD6474,
ZACTIMA(r), AstraZeneca), chloranmbucil, AG1478,
AG1571 (SU 5271; Sugen), temsirolimus (TORISEL(r),
Wyeth), pazopanib (GlaxoSmithKline), canfosfamide
(TELCYTA(r), Telik), thiotepa and cyclosphosphamide
(CYTOXAN(r), NEOSAR(r)); alkyl sulfonates such as
busulfan, improsulfan and piposulfan; aziridines such
as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including
altretamine, triethylenemelamine,
triethylenephosphoramide, triethylenethiophosphoramide
and trimethylomelamine; acetogenins (especially
bullatacin and bullatacinone); a camptothecin
(including the synthetic analog topotecan);
bryostatin;callystatin; CC-1065 (including its
adozelesin, carzelesin andbizelesin synthetic
analogs); cryptophycins (particularly cryptophycin 1
and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogs, KW-2189 and
CBl-TMl); eleutherobin; pancratistatin; a
sarcodictyln; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, chlorophosphamide,
estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosoureas such as
carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimnustine; antibiotics such as the
enediyne antibiotics (e.g., calicheamicin,
calicheamicin gammall, calicheamicin omegall (Angew
Chem. Intl. Ed. Engl. (1994) 33: 183-186); dynemicin,
dynemicin A; bisphosphonates, such as clodronate; an
esperamicin; as well as neocarzinostatin chromophore
and related chromoprotein enediyne antibiotic
chromophores), aclacinomysins, actinomycin,
authramycin, azaserine, bleomycins, cactinomycin,
carabicin, carminomycin, carzinophilin, chromomycinis,
dactinomycin, daunorubicin, detorubicin,
6-diazo-5-oxo-L-norleucine, morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, porf romycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate and
5-fluorouracil (5-FU); folic acid analogs such as
denopterin, methotrexate, pteropterin, trimetrexate;
purine analogs such as fludarabine, 6- mercaptopurine,
thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid
replenisher such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid;
eniluracil; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone;
elfornithine; elliptinium acetate; an epothilone;
etoglucid; gallium nitrate; hydroxyurea; lentinan;
lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol;
nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; podophyllinic acid; 2-ethylhydrazide;
procarbazine; PSK(r) polysaccharide complex (JHS
Natural Products, Eugene, OR); razoxane; rhizoxin;
sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2',2"-trichlorotriethylamine;
trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethan; vindesine;
dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside("Ara-C");
cyclophosphamide; thiotepa; 6-thioguanine;
mercaptopurine; methotrexate; platinum analogs such as
cisplatin and carboplatin; vinblastine; etoposide (VP-
16); ifosfamide; mitoxantrone; vincristine;
vinorelbine (NAVELBINE(r)); novantrone; teniposide;
edatrexate; daunomycin; aminopterin; capecitabine
(XELODA(r), Roche); ibandronate; CPT- 11;
topoisomerase inhibitor RFS 2000;
difluoromethylornithine (DMFO); retinoids such as
retinoic acid; and pharmaceutically acceptable salts,
acids and derivatives of any of the above. [0101] Also
included in the definition of "chemotherapeutic agent"
are: (i) antihormonal agents that act to regulate or
inhibit hormone action on tumors such as antiestrogens
and selective estrogen receptor modulators (SERMs),
including, for example, tamoxifen (including
NOLVADEX(r); tamoxifen citrate), raloxifene,
droloxifene, Ahydroxytamoxifen, trioxifene, keoxifene,
LY1 170 18, onapristone, and FARESTON(r) (toremifine
citrate); (ii) aromatase inhibitors that inhibit the
enzyme aromatase, which regulates estrogen production
in the adrenal glands, such as, for example,
4(5)-imidazoles, aminoglutethimide, MEGASE(r)
(megestrol acetate), AROMASIN(r) (exemestane; Pfizer),
formestanie, fadrozole, RTVISOR(r) (vorozole),
FEMARA(r) (letrozole; Novartis), and 



ARIMIDEX(r) (anastrozole; AstraZeneca); (iii)
anti-androgens such as flutamide, nilutamide,
bicalutamide, leuprolide, and goserelin; as well as
troxacitabine (a 1,3-dioxolane nucleoside cytosine
analog); (iv) protein kinase inhibitors such as MEK
inhibitors (WO 2007/044515); (v) lipid kinase
inhibitors; (vi) antisense oligonucleotides,
particularly those which inhibit expression of genes
in signaling pathways implicated in aberrant cell
proliferation, for example, PKC-alpha, Raf and H-Ras,
such as oblimersen (GENASENSE(r), Genta Inc.); (vii)
ribozymes such as VEGF expression inhibitors (e.g.,
ANGIOZYME(r)) and HER2 expression inhibitors; (viii)
vaccines such as gene therapy vaccines, for example,
ALLOVECTIN(r), LEUVECTIN(r), and VAXID(r);
PROLEUKIN(r) rIL-2; topoisomerase 1 inhibitors such as
LURTOTECAN(r); ABARELIX(r) rmRH; (ix) anti-angiogenic
agents such as bevacizumab (AVASTIN(r), Genentech);
and pharmaceutically acceptable salts, acids and
derivatives of any of the above. [0102] Also included
in the definition of "chemotherapeutic agent" are
therapeutic antibodies such as alemtuzumab (Campath),
bevacizumab (AVASTIN(r), Genentech); cetuximab
(ERBITUX(r), Imclone); panitumumab (VECTIBIX(r),
Amgen), rituximab (RITUXAN(r), Genentech/Biogen Idee),
pertuzumab (OMNITARG(tm), 2C4, Genentech), trastuzumab
(HERCEPTIN(r), Genentech), tositumomab (Bexxar,
Corixia), and the antibody drug conjugate, gemtuzumab
ozogamicin (MYLOTARG(r), Wyeth).[0103] Humanized
monoclonal antibodies with therapeutic potential as
chemotherapeutic agents in combination with the PI3K
inhibitors of the invention include: alemtuzumab,
apolizumab, aselizumab, atlizumab, bapineuzumab,
bevacizumab, bivatuzumab mertansine, cantuzumab
mertansine, cedelizumab, certolizumab pegol,
cidfusituzumab, cidtuzumab, daclizumab, eculizumab,
efalizumab, epratuzumab, erlizumab, felvizumab,
fontolizumab, gemtuzumab ozogamicin, inotuzumab
ozogamicin, ipilimumab, labetuzumab, lintuzumab,
matuzumab, mepolizumab, motavizumab, motovizumab,
natalizumab, nimotuzumab, nolovizumab, numavizumab,
ocrelizumab, omalizumab, palivizumab, pascolizumab,
pecfusituzumab, pectuzumab, pertuzumab, pexelizumab,
ralivizumab, ranibizumab, reslivizumab, reslizumab,
resyvizumab, rovelizumab, ruplizumab, sibrotuzumab,
siplizumab, sontuzumab, tacatuzumab tetraxetan,
tadocizumab, talizumab, tefibazumab, tocilizumab,
toralizumab, trastuzumab, tucotuzumab celmoleukin,
tucusituzumab, umavizumab, urtoxazumab, and
visilizumab. [0104] The term "package insert" is used
to refer to instructions customarily included in
commercial packages of therapeutic products, that
contain information about the indications, usage,
dosage, administration, contraindications and/or
warnings concerning the use of such therapeutic
products. [0105] "Alkyl" is C1 -C8 hydrocarbon
containing normal, secondary, tertiary or cyclic
carbon atoms. Examples of alkyl radicals include, but
not limited to: methyl (Me, -CH ), ethyl (Et,
-CH2CH3), 1-propyl (n-Pr, n-propyl, -CH2CH2CH3),
2-propyl (i-Pr, i-propyl, - CH(CH3)2), 1-butyl (n-Bu,
n-butyl, -CH2CH2CH2CH3), 2-methyl- 1-propyl (i-Bu,
i-butyl, - CH2CH(CH3)2), 2-butyl (s-Bu, s-butyl,
-CH(CH3)CH2CH3), 2-methyl-2-propyl (t-Bu, t-butyl,
-C(CH3)3), 1-pentyl (n-pentyl, -CH2CH2CH2CH2CH3),
2-pentyl (-CH(CH3)CH2CH2CH3), 3- pentyl
(-CH(CH2CH3)2), 2-methyl-2-butyl (-C(CH3)2CH2CH3),
3-methyl-2-butyl (- CH(CH3)CH(CH3)2), 3-methyl-1-butyl
(-CH2CH2CH(CH3)2), 2-methyl-l -butyl (-
CH2CH(CH3)CH2CH3), 1-hexyl (-CH 2CH2CH2CH2CH2CH3),
2-hexyl (- CH(CH 3)CH 2CH2CH2CH3), 3-hexyl (-CH(CH
2CH3)(CH 2CH2CH3)), 2-methyl-2-pentyl (-
C(CH3)2CH2CH2CH3), 3-methyl-2-pentyl (-CH(CH 3)CH(CH
3)CH 2CH3), 4-methyl-2-pentyl (- CH(CH3)CH2CH(CH3)2),
3-methyl-3-pentyl (-C(CH3)(CH2CH3)2),
2-methyl-3-pentyl (- CH(CH2CH3)CH(CH3)2),
2,3-dimethyl-2 -butyl (-C(CH3)2CH(CH3)2),
3,3-dimethyl-2-butyl (- CH(CH3)C(CH3)3 [0106] The term
"alkylene" as used herein refers to a saturated linear
or branchedchain divalent hydrocarbon radical of one
to twelve carbon atoms (C1-Ci2), wherein thealkylene
radical may be optionally substituted independently
with one or more substituents described below. In
another embodiment, an alkylene radical is one to
eight carbon atoms (C1 -Cs), or one to six carbon
atoms (C1-Ce). Examples of alkylene groups include,
but are not limited to, methylene (-CH2-), ethylene
(-CH2CH2-), propylene (-CH2CH2CH2-), and the like.
[0107] The term "alkenyl" refers to linear or
branched-chain monovalent hydrocarbon radical of two
to eight carbon atoms (C2-Cs) with at least one site
of unsaturation, i.e., a carbon-carbon, sp double
bond, wherein the alkenyl radical may be optionally
substituted independently with one or more
substituents described herein, and includes radicals
having "cis" and "trans" orientations, or
alternatively, "E" and "Z" orientations. Examples
include, but are not limited to, ethylenyl or vinyl
(-CH=CH2), allyl (-CH2CH=CH2), and the like. [0108]
The term "alkenylene" refers to linear or
branched-chain divalent hydrocarbon radical of two to
eight carbon atoms (C2-Cs) with at least one site of
unsaturation, i.e., a carbon-carbon, sp2 double bond,
wherein the alkenyl radical may be optionally
substituted, and includes radicals having "cis" and
"trans" orientations, or alternatively, "E" and "Z"
orientations. Examples include, but are not limited
to, ethylenylene or vinylene (-CH=CH-), allyl
(-CH2CH=CH-), and the like. [0109] The term "alkynyl"
refers to a linear or branched monovalent hydrocarbon
radical of two to eight carbon atoms (C2-Cs) with at
least one site of unsaturation, i.e., a carbon-carbon,
sp triple bond, wherein the alkynyl radical may be
optionally substituted independently with one or more
substituents described herein. Examples include, but
are not limited to, ethynyl (-CCH), propynyl
(propargyl, -CH2CCH), and the like. [0110] The term
"alkynylene" refers to a linear or branched divalent
hydrocarbon radical of two to eight carbon atoms
(C2-Cs) with at least one site of unsaturation, i.e.,
a carbon-carbon, sp triple bond, wherein the alkynyl
radical may be optionally. Examples include, but are
not limited to, ethynylene (-CC-), propynylene
(propargylene, -CH2CC-), and the like. [0111] The
terms "carbocycle", "carbocyclyl", "carbocyclic ring"
and "cycloalkyl" refer to a monovalent non-aromatic,
saturated or partially unsaturated ring having 3 to 12
carbon atoms (C - C12) as a monocyclic ring or 7 to 12
carbon atoms as a bicyclic ring. Bicyclic carbocycles
having 7 to 12 atoms can be arranged, for example, as
a bicyclo [4,5], [5,5], [5,6] or [6,6] system, and
bicyclic carbocycles having 9 or 10 ring atoms can be
arranged as a bicyclo [5,6] or [6,6] system, or as
bridged systems such asbicyclo[2.2.1]heptane,
bicyclo[2.2.2]octane and bicyclo[3.2.2]nonane.
Examples of monocyclic carbocycles include, but are
not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
1-cyclopent-1-enyl, l-cyclopent-2-enyl,
l-cyclopent-3-enyl, cyclohexyl, 1-cyclohex-1-enyl,
l-cyclohex-2-enyl, l-cyclohex-3-enyl, cyclohexadienyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cycloundecyl, cyclododecyl, and the like. [0112]
"Aryl" means a monovalent aromatic hydrocarbon radical
of 6-20 carbon atoms (C6-C20) derived by the removal
of one hydrogen atom from a single carbon atom of a
parent aromatic ring system. Some aryl groups are
represented in the exemplary structures as "Ar". Aryl
includes bicyclic radicals comprising an aromatic ring
fused to a saturated, partially unsaturated ring, or
aromatic carbocyclic ring. Typical aryl groups
include, but are not limited to, radicals derived from
benzene (phenyl), substituted benzenes, naphthalene,
anthracene, biphenyl, indenyl, indanyl,
1,2-dihydronaphthalene, 1,2,3,4-tetrahydronaphthyl,
and the like. Aryl groups are optionally substituted
independently with one or more substituents described
herein. 



[0113] "Arylene" means a divalent aromatic hydrocarbon
radical of 6-20 carbon atoms (C6-C20) derived by the
removal of two hydrogen atom from a two carbon atoms
of a parent aromatic ring system. Some arylene groups
are represented in the exemplary structures as "Ar".
Arylene includes bicyclic radicals comprising an
aromatic ring fused to a saturated, partially
unsaturated ring, or aromatic carbocyclic ring.
Typical arylene groups include, but are not limited
to, radicals derived from benzene (phenylene),
substituted benzenes, naphthalene, anthracene,
biphenylene, indenylene, indanylene, 1,2-
dihydronaphthalene, 1,2,3,4-tetrahydronaphthyl, and
the like. Arylene groups are optionally substituted
[0114] The terms "heterocycle," "heterocyclyl" and
"heterocyclic ring" are used interchangeably herein
and refer to a saturated or a partially unsaturated
(i.e., having one or more double and/or triple bonds
within the ring) carbocyclic radical of 3 to 20 ring
atoms in which at least one ring atom is a heteroatom
selected from nitrogen, oxygen, phosphorus and sulfur,
the remaining ring atoms being C, where one or more
ring atoms is optionally substituted independently
with one or more substituents described below. A
heterocycle may be a monocycle having 3 to 7 ring
members (2 to 6 carbon atoms and 1 to 4 heteroatoms
selected from N, O, P, and S) or a bicycle having 7 to
10 ring members (4 to 9 carbon atoms and 1 to 6
heteroatoms selected from N, O, P, and S), for
example: a bicyclo [4,5], [5,5], [5,6], or [6,6]
system. Heterocycles are described in Paquette, Leo
A.; "Principles of ModernHeterocyclic Chemistry" (W.A.
Benjamin, New York, 1968), particularly Chapters 1, 3,
4, 6, 7, and 9; "The Chemistry of Heterocyclic
Compounds, A series of Monographs" (John Wiley & Sons,
New York, 1950 to present), in particular Volumes 13,
14, 16, 19, and 28; and J . Am. Chem. Soc. (1960)
82:5566. "Heterocyclyl" also includes radicals where
heterocycle radicals are fused with a saturated,
partially unsaturated ring, or aromatic carbocyclic or
heterocyclic ring. Examples of heterocyclic rings
include, but are not limited to, pyrrolidinyl,
tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidino, morpholino,
thiomorpholino, thioxanyl, piperazinyl,
homopiperazinyl, azetidinyl, oxetanyl, thietanyl,
homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,
diazepinyl, thiazepinyl, 2-pyrrolinyl, 3-pyrrolinyl,
indolinyl, 2H-pyranyl, 4Hpyranyl, dioxanyl,
1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl,
dihydropyranyl, dihydrothienyl, dihydrofuranyl,
pyrazolidinylimidazolinyl, imidazolidinyl, 3-
azabicyco[3.1.0]hexanyl, 3-azabicyclo[4.1.0]heptanyl,
azabicyclo[2.2.2]hexanyl, 3H-indolyl quinolizinyl and
N-pyridyl ureas. Spiro moieties are also included
within the scope of this definition. Examples of a
heterocyclic group wherein 2 ring carbon atoms are
substituted with oxo (=0) moieties are pyrimidinonyl
and 1,1-dioxo-thiomorpholinyl. The heterocycle groups
herein are optionally substituted independently with
one or more substituents described herein. [0115] The
term "heteroaryl" refers to a monovalent aromatic
radical of 5-, 6-, or 7- membered rings, and includes
fused ring systems (at least one of which is aromatic)
of 5-20 atoms, containing one or more heteroatoms
independently selected from nitrogen, oxygen, and
sulfur. Examples of heteroaryl groups are pyridinyl
(including, for example, 2- hydroxypyridinyl),
imidazolyl, imidazopyridinyl, pyrimidinyl (including,
for example, Ahydroxypyrimidinyl), pyrazolyl,
triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolyl, oxadiazolyl, oxazolyl,
isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyl,
tetrahydroisoquinolinyl, indolyl, benzimidazolyl,
benzofuranyl, cinnolinyl, indazolyl, indolizinyl,
phthalazinyl, pyridazinyl, triazinyl, isoindolyl,
pteridinyl, purinyl, oxadiazolyl, triazolyl,
thiadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoxazolyl,
quinazolinyl, quinoxalinyl, naphthyridinyl, and
furopyridinyl. Heteroaryl groups are optionally
substituted independently with one or more
substituents described herein. [0116] The heterocycle
or heteroaryl groups may be carbon (carbon-linked), or
nitrogen (nitrogen-linked) bonded where such is
possible. By way of example and not limitation, carbon
bonded heterocycles or heteroaryls are bonded at
position 2, 3, 4, 5, or 6 ofa pyridine, position 3, 4,
5, or 6 of a pyridazine, position 2, 4, 5, or 6 of a
pyrimidine, position 2, 3, 5, or 6 of a pyrazine,
position 2, 3, 4, or 5 of a furan, tetrahydrofuran,
thiofuran, thiophene, pyrrole or tetrahydropyrrole,
position 2, 4, or 5 of an oxazole, imidazole or
thiazole, position 3, 4, or 5 of an isoxazole,
pyrazole, or isothiazole, position 2 or 3 of an
aziridine, position 2, 3, or 4 of an azetidine,
position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or
position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline.
[0117] By way of example and not limitation, nitrogen
bonded heterocycles or heteroaryls are bonded at
position 1 of an aziridine, azetidine, pyrrole,
pyrrolidine, 2- pyrroline, 3-pyrroline, imidazole,
imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole,
pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine,
piperazine, indole, indoline, 1H-indazole, position 2
of a isoindole, or isoindoline, position 4 of a
morpholine, and position 9 of a carbazole, or
b-carboline. [0118] "Linker" or "link" means a
divalent chemical moiety comprising a covalent bond or
a chain of atoms that covalently attaches an antibody
to a drug moiety. In various embodiments of formula I,
a linker is specified as L. [0119] The term "chiral"
refers to molecules which have the property of
nonsuperimposability of the mirror image partner,
while the term "achiral" refers to molecules which are
superimposable on their mirror image partner. [0120]
The term "stereoisomers" refers to compounds which
have identical chemical constitution, but differ with
regard to the arrangement of the atoms or groups in
space. [0121] "Diastereomer" refers to a stereoisomer
with two or more centers of chirality and whose
molecules are not mirror images of one another.
Diastereomers have different physical properties, e.g.
melting points, boiling points, spectral properties,
and reactivities. Mixtures of diastereomers may
separate under high resolution analytical procedures
such as electrophoresis and chromatography. [0122]
"Enantiomers" refer to two stereoisomers of a compound
which are nonsuperimposable mirror images of one
another. [0123] Stereochemical definitions and
conventions used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical Terms (1984)
McGraw-Hill Book Company, New York; and Eliel, E. and
Wilen, S., Stereochemistry of Organic Compounds (1994)
John Wiley & Sons, Inc., New York. Many organic
compounds exist in optically active forms, i.e., they
have the ability to rotate the plane of plane
-polarized light. In describing an optically active
compound, the prefixes D and L, or R and S, are used
to denote the absolute configuration of the molecule
about its chiral center(s). The prefixes d and 1or(+)
and (-) are employed to designate the sign of rotation
of plane-polarized light by the compound, with (-) or
1 meaning that the compound is levorotatory. A
compound prefixed with (+) or d is dextrorotatory. For
a given chemical structure, these stereoisomers are
identical except that they are mirror images of one
another. A specific stereoisomer may also be referred
to as an enantiomer, and a mixture of such isomers is
often called an enantiomeric mixture. A 50:50 mixture
of enantiomers is referred to as a racemic mixture or
a racemate, which may occur where there has been no
stereoselection or stereospecificity in a chemical
reaction or process. The terms "racemic mixture" and
"racemate" refer to an equimolar mixture of two
enantiomeric species, devoid of optical activity.
[0124] The phrase "pharmaceutically acceptable salt,"
as used herein, refers to pharmaceutically acceptable
organic or inorganic salts of an ADC. Exemplary salts
include, 



but are not limited, to sulfate, citrate, acetate,
oxalate, chloride, bromide, iodide, nitrate,
bisulfate, phosphate, acid phosphate, isonicotinate,
lactate, salicylate, acid citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate,
succinate, maleate, gentisinate, fumarate, gluconate,
glucuronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate,
benzenesulfonate,/"-toluenesulfonate, and pamoate
(i.e., l,l'-methylene-bis- (2-hydroxy-3-naphthoate))
salts. A pharmaceutically acceptable salt may involve
the inclusion of another molecule such as an acetate
ion, a succinate ion or other counterion. The
counterion may be any organic or inorganic moiety that
stabilizes the charge on the parent compound.
Furthermore, a pharmaceutically acceptable salt may
have more than one charged atom in its structure.
Instances where multiple charged atoms are part of the
pharmaceutically acceptable salt can have multiple
counter ions. Hence, a pharmaceutically acceptable
salt can have one or more charged atoms and/or one or
more counterion. [0125] "Pharmaceutically acceptable
solvate" refers to an association of one or more
solvent molecules and an ADC. Examples of solvents
that form pharmaceutically acceptable solvates
include, but are not limited to, water, isopropanol,
ethanol, methanol, DMSO, ethyl acetate, acetic acid,
and ethanolamine. ANTHRACYCLGNE DERIVATIVESAND
ANTHRACYCLGNE DERIVATIVE CONJUGATES [0126] As stated
before, in a first aspect the present invention
relates to conjugates of an anthracycline derivative
of the formula (I): [Ant-L-Z-] m -T (I)[0127] wherein
Ant, L, Z, m and T are as above defined, or a
pharmaceutically acceptable salt thereof. [0128] In a
second aspect, there are provided anthracycline
derivatives of the formula (T) Ant-L-Z-0 (I') [0129]
wherein Ant, L and Z are as above defined, and Q is a
hydrogen atom, a Ci-C6 alkyl, C3-C6 cycloalkyl, phenyl
or benzyl group, or a pharmaceutically salt thereof.
[0130] Preferably, the anthracycline derivative
residue that Ant represents can be released to give an
anthracycline derivative of formula (IIA): [0131] In
another preferred aspect, the present invention
provides an anthracycline derivative conjugate or a
pharmaceutically salt thereof of the formula (Ia):
[0132] wherein: [0133] R1, R2, Z, m and T are as
defined above and Li is a linker of formula (III) or
(IV):[0134] wherein B is a C1-C alkylene moiety
optionally hetero interrupted, and v, j , k and y are
independently 0 or 1. [0135] It is clear that in this
instance, the anthracycline derivative residue which
Ant represents is tether to the linker Li through an
acetalic bond that involves the primary alcohol at the
C- 14 of the anthracycline skeleton. [0136] As stated
above, an anthracycline derivative conjugate or a
pharmaceutically salt thereof of the formula (I)
releases the desired free anthracycline derivative, as
shown below for the preferred conjugates of the
formula (Ia) [0137] wherein Ri, R2, Li, Z, m and T are
as above defined. [0138] Preferably, Z is a spacer
group like [0139] a) -NH-, [0140] b) -S-, [0141] c)
aminoalkylene, thioalkylene, aminocycloalkylene or
thiocycloalkylene bearing a further thiol or amino
group or a carboxylic residue, [0142] d) a peptidic
residue able to tether the Li linker to the T carrier
by forming new bonds as e.g.; amide bonds, disulfide
bonds. [0143] T is preferably selected from a
polyclonal antibody, or fragment thereof, comprising
an antigen binding site, capable of binding to a tumor
associated antigen; a monoclonal antibody, or fragment
thereof comprising an antigen binding site, capable of
binding to an antigen preferentially or selectively
expressed on tumor cell populations; a peptide or
protein capable optionally of preferentially or
selectively binding to a tumor cell; or a chemically
modified derivative thereof suitable to be attached to
the [Ant-Li-Z-] moietyor moieties, or a polymeric
carrier. [0144] Particularly preferred compounds of
formula (Ia) are those wherein the spacer group which
Z represents is: [0145] i) -NH-, that is [-Z-]m-T is
derived from a carrier of the formula T-[NH2]m wherein
m is above defined; [0146] ii) -S-, that is [-Z-]m-T
is derived from a carrier of the formula T-[SH]m
wherein m is above defined; [0147] iii) -NH-D-NH-CO-
wherein -D- is a C1-C6 alkylene, C3-C6 cycloalkylene
or - D-NH- is a peptide residue constituted from 1to 4
amino acids having at least one free amino group, that
is [-Z-]m-T is derived from a carrier of formula
T-[COOH]m wherein m is above defined; [0148] iv)
-NH-D-CO-NH- wherein -D- is as defined above or -D-CO-
is a peptide residue constituted from 1to 4 amino
acids having at least one free carboxylic group, that
is [-Z-]m-T is derived from a carrier of formula
T-[NH2]mwherein m is above defined; [0149] v)
-NH-D-N=CH- wherein -D- is as defined above and -D-N-
is as defined above for -D-NH, that is [-Z-]m-T is
derived from a carrier of formula T-[CHO]1 wherein m
is above defined; [0150] vi) -NH-D-S-CH- wherein -D-
is as defined above or -D-S- is a peptide residue
constituted from 1to 4 amino acids having at least one
free thiol group, that is [-Z-]m- T is derived from a
carrier derivative of formula (V); [0151] wherein m is
above defined; [0152] vii) -NH-D-S-S- wherein -D- and
-D-S- are as defined above, that is [-Z-]m-T is
derived from a carrier derivative of formula (VI):
[0153] wherein m is above defined. [0154] In a further
preferred aspect, the present invention provides an
anthracyclinederivative conjugate or a
pharmaceutically salt thereof of the formula (Ib):
[0155] wherein Ri and R2, Z and T are as defined above
and L2 is a linker of formula (VII) or (VIII): [0156]
wherein n is an integer from 1to 9. [0157] In this
case, the release of the desired free anthracycline
derivative can be schematically illustrated as follows
from the preferred conjugates of the formula (Ib):
(Ib) and [0158] Particularly preferred compounds of
the formula (Ib) are those wherein: [0159] a) L2 is a
linker of formula (VII) as defined above and Z is a
spacer groupwhich is: [0160] viii) as defined above
under point i); [0161] ix) as defined above under
point ii); [0162] x) as defined above under point
iii); [0163] xi) as defined above under point iv);
[0164] xii) as defined above under point v); [0165]
xiii) as defined above under point vi); [0166] xiv) as
defined above under point vii); 



[0167] xv) -S-D-NH-CO- wherein - D-NH-CO- is as
defined above under point iii); [0168] xvi)
-S-D-CO-NH- wherein - D-CO-NH is as defined above
under point iv); [0169] xvii) -S-D-N=C- wherein D and
D-N- are as defined above under point v); [0170]
xviii) S-D-S-CH- wherein D and -D-S- are as defined
above under point vi); [0171] xix) -S-D-S-S- wherein D
and -D-S- are as defined above under point vii).
[0172] Other particularly preferred compounds of the
formula (Ib) are those wherein: [0173] b) L2 is a
linker of formula (VIII) as above defined and Z is a
spacer group which is: [0174] xx) as defined above
under point ii) [0175] xxi) as defined above under
point xv); [0176] xxii) as defined above under point
xvi); [0177] xxiii) as defined above under point
xvii); [0178] xxiv) as defined above under point
xviii); [0179] xxv) as defined above under point xix).
[0180] Another particularly preferred object of the
present invention are the compounds of the formula (I
'a) and (I'b): [0181] wherein L1, L2 , Ri and R2 are
as defined above, Z is -NH- or a peptidic residue
constituted from 1 to 3 amino acids and Q is hydrogen
atom, C1-Ce alkyl, C3-C6cycloalkyl, phenyl or benzyl
group. [0182] Also in this case, the compounds of the
formula (Fa) and (I'b) can be released in appropriate
condition giving a compound of the formula (II) as
defined above. [0183] Another particularly preferred
class of compounds are the compound of formula (I) or
(F) wherein L is: [0184] - a residue of formula (Ilia)
or (IVa), [0185] wherein v and k are as defined above;
[0186] or a residue of formula (VII) or (VIII) as
defined above, characterized in that n is an integer
from 2 to 5. LINKERS AND SPACERS [0187] The linker L
and spacer Z units attach the carrier, e.g. antibody,
to the anthracycline derivative drug moiety D through
covalent bond(s). The linker is a bifunctional or
multifunctional moiety which can be used to link one
or more drug moiety (D) and an antibody unit (Ab) to
form antibody-drug conjugates (ADC) of formula Ic. The
linker (L) may be stable outside a cell, i.e.
extracellular, or it may be cleavable by enzymatic
activity, hydrolysis, or other metabolic conditions.
Antibody-drug conjugates (ADC) can be conveniently
prepared using a linker having reactive functionality
for binding to the drug moiety and to the antibody. A
cysteine thiol, or an amine, e.g. N-terminus or amino
acid side chain such as lysine, of the antibody (Ab)
can form a bond with a functional group of a linker or
spacer reagent, drug moiety (D) or drug-linker reagent
(D-L). [0188] Many positions on anthracycline
derivative compounds may be useful as the linkage
position, depending upon the type of linkage. For
example, ester, amide, thioamide,, thiocarbamate, or
carbamate linkages may be formed from the hydroxyl
group of the hydroxymethyl ketone at C14; ketal and
hydrazone linkages may be formed from the C13 carbonyl
group on the drug moiety; amide, carbamate, and urea
linkages may be formed from an amino group on the drug
moiety D; and various alkyl, ether, thioether,
disulfide, and acyl linkages may be formed from the
phenyl and aryl rings on the drug moiety by
Friedel-Crafts type alkylation and acylation
reactions. [0189] The linkers and spacers are
preferably stable extracellularly. Before transportor
delivery into a cell, the antibody-drug conjugate
(ADC) is preferably stable and remains intact, i.e.
the antibody remains linked to the drug moiety. The
linkers are stable outside the target cell and may be
cleaved at some efficacious rate inside the cell. An
effective linker will: (i) maintain the specific
binding properties of the antibody; (ii) allow
intracellular delivery of the conjugate or drug
moiety; (iii) remain stable and intact, i.e. not
cleaved, until the conjugate has been delivered or
transported to its targetted site; and (iv) maintain a
cytotoxic, cell-killing effect or a cytostatic effect
of the anthracycline derivative drug moiety. Stability
of the ADC may be measured by standard analytical
techniques such as mass spectroscopy, HPLC, and the
separation/analysis technique LC/MS. [0190] Covalent
attachment of the antibody and the drug moiety
requires the linker, and optional spacer, to have two
reactive functional groups, i.e. bivalency in a
reactive sense. Bivalent linker reagents which are
useful to attach two or more functional or
biologically active moieties, such as peptides,
nucleic acids, drugs, toxins, antibodies, haptens, and
reporter groups are known, and methods have been
described their resulting conjugates (Hermanson, G.T.
(1996) Bioconjugate Techniques; Academic Press: New
York, p 234-242). [0191] In another embodiment, the
linker or spacer may be substituted with groups which
modulate solubility or reactivity. For example, a
sulfonate substituent may increase water solubility of
the reagent and facilitate the coupling reaction of
the linker reagent with the antibody or the drug
moiety, or facilitate the coupling reaction of Ab-L
with D, or D-L with Ab, depending on the synthetic
route employed to prepare the ADC. [0192] Nucleophilic
groups on antibodies include, but are not limited to:
(i) Nterminal amine groups, (ii) side chain amine
groups, e.g. lysine, (iii) side chain thiol groups,
e.g. cysteine, and (iv) sugar hydroxyl or amino groups
where the antibody is glycosylated. Amine, thiol, and
hydroxyl groups are nucleophilic and capable of
reacting to form covalent bonds with electrophilic
groups on linker moieties and linker reagents
including: (i) active esters such as NHS esters, HOBt
esters, haloformates, and acid halides; (ii) alkyl and
benzyl halides such as haloacetamides; (iii)
aldehydes, ketones, carboxyl, and maleimide groups.
Certain antibodies have reducible interchain
disulfides, i.e. cysteine bridges. Antibodies may be
made reactive for conjugation with linker reagents by
treatment with a reducing agent such as DTT
(dithiothreitol). Each cysteine bridge will thus form,
theoretically, two reactive thiol nucleophiles.
Additional nucleophilic groups can be introduced into
antibodies through the reaction of lysines with
2-iminothiolane (Traut's reagent) resulting in
conversion of an amine into a thiol. Reactive thiol
groups may be introduced into the antibody (or
fragment thereof) by introducing one, two, three,
four, or more cysteine residues (e.g., preparing
mutantantibodies comprising one or more non-native
cysteine amino acid residues). US 2007/0092940 teaches
engineering antibodies by introduction of reactive
cysteine amino acids. [0193] In some embodiments, a
Linker has a reactive nucleophilic group which is
reactive with an electrophilic group present on an
antibody. Useful electrophilic groups on an antibody
include, but are not limited to, aldehyde and ketone
carbonyl groups. The heteroatom of a nucleophilic
group of a Linker can react with an electrophilic
group on an antibody and form a covalent bond to an
antibody unit. Useful nucleophilic groups on a Linker
include, but are not limited to, hydrazide, oxime,
amino, hydroxyl, hydrazine, thiosemicarbazone,
hydrazine carboxylate, and arylhydrazide. The
electrophilic group on an antibody provides a
convenient site for attachment to a Linker. [0194]
Nucleophilic groups on a drug moiety include, but are
not limited to: amine, thiol, hydroxyl, hydrazide,
oxime, hydrazine, thiosemicarbazone, hydrazine
carboxylate, and arylhydrazide groups capable of
reacting to form covalent bonds with electrophilic
groups on linker moieties and linker reagents
including: (i) active esters such as NHS esters, HOBt
esters, haloformates, and acid halides; (ii) alkyl and
benzyl halides such as haloacetamides; (iii)
aldehydes, ketones, carboxyl, and maleimide groups. 



[0195] Spacers (Z) can be peptidic, comprising one or
more amino acid units. Peptide linker reagents may be
prepared by solid phase or liquid phase synthesis
methods (E. Schroder and K. Lubke, The Peptides,
volume 1, pp 76-136 (1965) Academic Press) that are
well known in the field of peptide chemistry,
including t-BOC chemistry (Geiser et al "Automation of
solid-phase peptide synthesis" in Macromolecular
Sequencing and Synthesis, Alan R. Liss, Inc., 1988,
pp. 199-218) and Fmoc/HBTU chemistry (Fields, G. and
Noble, R. (1990) "Solid phase peptide synthesis
utilizing 9-fluoroenylmethoxycarbonyl amino acids",
Int. J . Peptide Protein Res. 35:161-214), on an
automated synthesizer such as the Rainin Symphony
Peptide Synthesizer (Protein Technologies, Inc.,
Tucson, AZ), or Model 433 (Applied Biosystems, Foster
City, CA). [0196] Exemplary amino acid linkers include
a dipeptide, a tripeptide, a tetrapeptide or a
pentapeptide. Exemplary dipeptides include:
valine-citrulline (vc or val-cit),
alaninephenylalanine (af or ala-phe). Exemplary
tripeptides include: glycine-valine-citrulline
(glyval- cit) and glycine-glycine-glycine
(gly-gly-gly). Amino acid residues which comprise an
amino acid linker component include those occurring
naturally, as well as minor amino acids and
non-naturally occurring amino acid analogs, such as
citrulline. Amino acid linker components can be
designed and optimized in their selectivity for
enzymatic cleavage by aparticular enzymes, for
example, a tumor-associated protease, cathepsin B, C
and D, or a plasmin protease. [0197] Amino acid side
chains include those occurring naturally, as well as
minor amino acids and non-naturally occurring amino
acid analogs, such as citrulline. Amino acid side
chains include hydrogen, methyl, isopropyl, isobutyl,
sec-butyl, benzyl, phydroxybenzyl, -CH2OH, -CH(OH)CH3,
-CH2CH2SCH3, -CH2CONH2, -CH2COOH, - CH2CH2CONH2,
-CH2CH2COOH, -(CH2)3NHC(=NH)NH2, -(CH2)3NH2, -
(CH2)3NHCOCH3, -(CH2)3NHCHO, -(CH2)4NHC(=NH)NH2,
-(CH2)4NH2, - (CH2)4NHCOCH3, -(CH2)4NHCHO,
-(CH2)3NHCONH2, -(CH2)4NHCONH2, - CH2CH2CH(OH)CH 2NH2,
2-pyridylmethyl-, 3-pyridylmethyl-, 4-pyridylmethyl-,
phenyl, cyclohexyl, as well as the following
structures: [0198] When the amino acid side chains
include other than hydrogen (glycine), the carbon atom
to which the amino acid side chain is attached is
chiral. Each carbon atom to which the amino acid side
chain is attached is independently in the (S) or (R)
configuration, or a racemic mixture. Drug-linker
reagents may thus be enantiomerically pure, racemic,
or diastereomeric. [0199] In exemplary embodiments,
amino acid side chains are selected from those of
natural and non-natural amino acids, including
alanine, 2-amino-2-cyclohexylacetic acid, 2-
amino-2-phenylacetic acid, arginine, asparagine,
aspartic acid, cysteine, glutamine, glutamic acid,
glycine, histidine, isoleucine, leucine, lysine,
methionine, norleucine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, valine,
g-aminobutyric acid, a,a-dimethyl g- aminobutyric
acid, b,b-dimethyl g-aminobutyric acid, ornithine, and
citrulline (Cit).DRUG-LINKER INTERMEDIATES [0200] The
invention includes drug-linker intermediates useful
for conjugation to proteins, peptides, and antibodies.
Such drug-linker intermediates include an
anthracycline derivative of formula (lie): Ant-L-(Z)
m-X (lie) [0201] wherein Ant is selected from the
structures: [0202] where the wavy line indicates the
attachment to L; [0203] L is a linker selected from
-N(R)-, -N(R) 1 (C1-Ci2 alkylene)-, -N(R) 1n (C2- C8
alkenylene)-, -N(R) 1n (C2- C8 alkynylene)-, -N(R)
1n(CH2CH2O)n- , and the structures: [0204] where the
wavy lines indicate the attachments to Ant and Z; and
[0205] Z is an optional spacer selected from -CH
2C(O)-, -CH 2C(O)NR(C1-Ci 2 alkylene)-, and the
structures:[0206] X is a reactive functional group
selected from maleimide, thiol, amino, bromide,
p-toluenesulfonate, iodide, hydroxyl, carboxyl,
pyridyl disulfide, and Nhydroxysuccinimide; [0207] R
is H, C1-Ci2 alkyl, or C6- C20 aryl; [0208] R1 and R2
are independently selected from an amino acid side
chain; [0209] Z1 is selected from -(C 1-Ci2
alkylene)-, -(C 2- C8 alkenylene)-, -(C 2- C8
alkynylene)-, and -(CH 2CH2O)n- , [0210] m is 0 or 1;
and n is 1 to 6. [0211] Anthracycline derivatives of
formula Hc include the structures: [0212] wherein Z-X
is selected from: [0213] Exemplary drug-linker
intermediate embodiments of formula Hc comprising an
anthracycline drug moiety and a linker-spacer unit
include compounds 50-53:A NOVEL MOLECULAR SIEVE
COMPOSITION EMM-12, A METHOD OF MAKING AND A PROCESS
OF USING THE SAME FIELD OF THE INVENTION [0001] The
present disclosure relates to a novel molecular sieve
composition designated as EMM-12, a method of making
and a process of using the same. In particular, this
disclosure relates to a novel molecular sieve
composition designated as EMM- 12 which is an MCM-22
family material having unique XRD features. BACKGROUND
OF THIS DISCLOSURE [0002] Molecular sieve materials,
both natural and synthetic, have been demonstrated in
the past to have catalytic properties for various
types of hydrocarbon conversion. Molecular sieves that
find application in catalysis include any of the
naturally occurring or synthetic crystalline molecular
sieves. Examples of these zeolites include large pore
zeolites, intermediate pore size zeolites, and small
pore zeolites. These zeolites and their isotypes are
described in "Atlas of Zeolite Framework Types", eds.
W. H. Meier, D. H. Olson and Ch. Baerlocher, Elsevier,
Fifth Edition, 2001, which is hereby incorporated by
reference. A large pore zeolite generally has a pore
size of at least about 7 A and includes LTL, VFI, MAZ,
FAU, OFF, *BEA, and MOR framework type zeolites (IUPAC
Commission of Zeolite Nomenclature). Examples of large
pore zeolites include mazzite, offretite, zeolite L,
VPI-5, zeolite Y, zeolite X, omega, and Beta. An
intermediate pore size zeolite generally has a pore
size from about 5 A to less than about 7 A and
includes, for example, MFI, MEL, EUO, MTT, MFS, AEL,
AFO, HEU, FER, MWW, and TON framework type zeolites
(IUPAC Commission of Zeolite Nomenclature). Examples
of intermediate pore size zeolites include ZSM-5,
ZSM-Il, ZSM-22, MCM-22, silicalite 1, and silicalite
2. A small pore size zeolite has a pore size from
about 3 A to less than about 5.0 A and includes, for
example, CHA, ERI, KFI, LEV, SOD, and LTA framework
type zeolites (IUPAC Commission of Zeolite
Nomenclature). Examples of small pore zeolites include
ZK-4, ZSM-2, SAPO-34, SAPO-35, ZK-14, SAPO-42, ZK-21,
ZK-22, ZK-5, ZK-20, zeolite A, chabazite, zeolite T,
gmelinite, ALPO- 17, and clinoptilolite. [0003] U.S.
Patent No. 4,439,409 refers to a crystalline molecular
sieve composition of matter named PSH-3 and its
synthesis from a reaction mixture for hydrothermal
reaction containing hexamethyleneimine, an organic
compound which acts as directing agent for synthesis
of the MCM-56 (U.S. Patent No. 5,362,697).
Hexamethyleneimine is also taughtfor use in synthesis
of crystalline molecular sieves MCM-22 (U.S. Patent
No. 4,954,325) and MCM-49 (U.S. Patent No. 5,236,575).
A molecular sieve composition of matter referred to as
zeolite SSZ-25 (U.S. Patent No. 4,826,667) is
synthesized from a reaction mixture for hydrothermal
reaction containing an adamantane quaternary ammonium
ion. U.S. Patent No. 6,077,498 refers to a crystalline
molecular sieve composition of matter named ITQ-I and
its synthesis from a reaction mixture for hydrothermal
reaction containing one or a plurality of 



organic additives. [0004] U.S. Patent Application No.
11/823,129 discloses a molecular sieve composition
designated as EMM-10-P, having, in its as-synthesized
form, an X-ray diffraction pattern including d-spacing
maxima at 13.180.25 and 12.330.23 Angstroms, wherein
the peak intensity of the d-spacing maximum at
13.180.25 Angstroms is at least as great as 90% of the
peak intensity of the d-spacing maximum at 12.330.23
Angstroms. U.S. Patent Application No. 11/824,742
discloses a molecular sieve composition designated as
EMM-10, in its ammonium exchanged form or in its
calcined form, comprising unit cells with MWW
topology, said crystalline molecular sieve is
characterized by diffraction streaking from the unit
cell arrangement in the c direction. The crystalline
molecular sieve is further characterized by the arced
hkO patterns of electron diffraction pattern. The
crystalline molecular sieve is further characterized
by the streaks in the electron diffraction pattern
along the c direction. U.S. Patent Application No.
11/827,953 discloses a crystalline MCM-22 family
molecular sieve having, in its as-synthesized form, an
X-ray diffraction pattern including a peak at
d-spacing maximum of 12.330.23 Angstroms, a
distinguishable peak at a d-spacing maximum between
12.57 to about 14.17 Angstroms and a non-discrete peak
at a dspacing maximum between 8.8 to 11 Angstroms,
wherein the peak intensity of the d-spacing maximum
between 12.57 to about 14.17 Angstroms is less than
90% of the peak intensity of the d-spacing maximum at
12.330.23 Angstroms. [0005] The term "MCM-22 family
material" (or "material of the MCM-22 family" or
"molecular sieve of the MCM-22 family"), as used
herein, includes: (i) molecular sieves made from a
common first degree crystalline building block "unit
cell having the MWW framework topology". A unit cell
is a spatial arrangement of atoms which is tiled in
three-dimensional space to describe the crystal as
described in the "Atlas of Zeolite Framework Types",
Fifth edition, 2001, the entire content of which is
incorporated as reference; (ii) molecular sieves made
from a common second degree building block, a
2-dimensional tiling of such MWW framework type unit
cells, forming a "monolayer of one unit cell
thickness", preferably one c-unit cell thickness;
(iii) molecular sieves made from common second degree
building blocks, "layers of one or more than one unit
cell thickness", wherein the layer of more than one
unit cell thickness is made from stacking, packing, or
binding at least two monolayers of one unit cell thick
of unit cells having the MWW framework topology. The
stacking of such second degree building blocks can be
in a regular fashion, an irregular fashion, a random
fashion, or any combination thereof; or (iv) molecular
sieves made by any regular or random 2-dimensional or
3-dimensional combination of unit cells having the MWW
framework topology. [0006] The MCM-22 family materials
are characterized by having an X-ray diffraction
pattern including d-spacing maxima at 12.40.25,
3.570.07 and 3.420.07 Angstroms (either calcined or
as-synthesized). The MCM-22 family materials may also
be characterized by having an X-ray diffraction
pattern including d-spacing maxima at 12.40.25,
6.90.15, 3.570.07 and 3.420.07 Angstroms (either
calcined or as-synthesized). The X-ray diffraction
data used to characterize the molecular sieve are
obtained by standard techniques using the K-alpha
doublet of copper as the incident radiation and a
diffractometer equipped with a scintillation counter
and associated computer as the collection system.
Materials belong to the MCM-22 family include MCM-22
(described in U. S. Patent No. 4,954,325), PSH-3
(described in U.S. Patent No. 4,439,409), SSZ-25
(described in U.S. Patent No. 4,826,667), ERB-I
(described in European Patent No. 0293032), ITQ-I
(described in U.S. Patent No. 6,077, 498), ITQ-2
(described in International Patent Publication No.
WO97/17290), ITQ-30 (described in International Patent
Publication No. WO2005118476), MCM-36 (described in
U.S. Patent No. 5,250,277), MCM-49 (described in U.S.
Patent No. 5,236,575), MCM-56 (described in U.S.
Patent No. 5,362,697), EMM-10-P (described in U.S.
Patent Application No. 11/823,129) and EMM-10
(described in U.S. Patent Application No. 11/824,742).
The entire contents of the patents are incorporated
herein by reference. [0007] It is to be appreciated
the MCM-22 family molecular sieves described above are
distinguished from conventional large pore zeolite
alkylation catalysts, such as mordenite, in that the
MCM-22 materials have 12-ring surface pockets which do
not communicate with the 10-ring internal pore system
of the molecular sieve. [0008] The zeolitic materials
designated by the IZA-SC as being of the MWW topology
are multi-layered materials which have two pore
systems arising from the presence of both 10and 12
membered rings. The Atlas of Zeolite Framework Types
classes five differently named materials as having
this same topology: MCM-22, ERB-I, ITQ-I, PSH-3, and
SSZ-25. [0009] The MCM-22 family molecular sieves have
been found to be useful in a variety of hydrocarbon
conversion processes. Examples of MCM-22 family
molecular sieve are MCM- 22, MCM-49, MCM-56, ITQ-I,
PSH-3, SSZ-25, and ERB-I. Such molecular sieves are
useful for alkylation of aromatic compounds. For
example, U.S. Patent No. 6,936,744 discloses a process
for producing a monoalkylated aromatic compound,
particularly cumene, comprising the step of contacting
a polyalkylated aromatic compound with an alkylatable
aromatic compound under at least partial liquid phase
conditions and in the presence of a transalkylation
catalyst to produce the monoalkylated aromatic
compound, wherein the transalkylation catalyst
comprises a mixture of at least two different
crystalline molecular sieves, wherein each of the
molecular sieves is selected from zeolite beta,
zeolite Y, mordenite and a material having an X-ray
diffraction pattern including d-spacing maxima at
12.40.25, 6.90.15, 3.570.07 and 3.420.07 Angstroms.
[0010] A report by J . Ruan, P. Wu, B. Slater, L. Wu,
J . Xiao, Y. Liu, M. He, O. Terasaki at the 15 IZA
Conference in Beijing in 2007 disclosed ISE-MWW and
ISE-FER materials, the former made from MCM-22-P
material as starting material. U.S. Patent Application
Publication 2005/0158238 to Tatsumi et al. disclosed
MWW type zeolite substance. U.S. Patent Application
Publication 2004/0092757 to Oguchi et al. disclosed
crystalline MWW type titanosilicate catalyst. A report
by W. Fan, P. Wu, S. Namba, and T. Tatsumi (J.
Catalyst 243 (2006) 183-191) disclosed a new
titanosilicate molecular sieve with the structure
analogous to MWW-type lamellar precursor. J . Ruan, P.
Wu B. Slater and O. Terasaki disclosed detailed
structure of Ti-YNU-I (Angew. Chem. Int. Ed., 2005,
44, 6719) similar to ISE-MWW. [0011] These closely
related materials may further be distinguished by
comparing XRD diffraction patterns for d-spacing
maxima corresponding to (002), (100), (101) and (102)
reflections for both as-synthesized and calcined
materials. The d-spacing maximum corresponding to
(002) reflection is typically in the range from 14.17
to 12.57 Angstroms (~6. 15-7.05 deg 2-q Cu Ka
radiation). The d-spacing maximum corresponding to
(100) reflection is typically in the range from 12.1
to 12.56 Angstroms (-7.3-7. 05 deg 2-q) . The dspacing
maximum corresponding to (101) reflection is typically
in the range from 10.14 to 12.0 Angstroms (8.7-7.35
deg 2-q) . The d-spacing maximum corresponding to
(102) reflection is typically in the range from 8.66
to 10.13 Angstroms (10.2-8.7 deg 2-q) . Thefollowing
table (Table 1) summarizes the differences between
MCM-22, MCM-49, EMM-IO, MCM-56 and the titanosilicate
material reported by Tatsumi et al. based on the
existence and/or the feature of XRD diffraction
pattern for d-spacing maxima corresponding to (002),
(100), (101) and (102) reflections for both
as-synthesized and calcined materials. Table 1A NOVEL
MOLECULAR SIEVE COMPOSITION EMM-13, A METHOD OF 



MAKING AND A PROCESS OF USING THE SAME FIELD OF THE
INVENTION [0001] The present disclosure relates to a
novel molecular sieve composition designated as
EMM-13, a method of making and a process of using the
same. In particular, this disclosure relates to a
novel molecular sieve composition designated as EMM-13
which is an MCM-22 family material having unique XRD
features. BACKGROUND OF THIS DISCLOSURE [0002]
Molecular sieve materials, both natural and synthetic,
have been demonstrated in the past to have catalytic
properties for various types of hydrocarbon
conversion. Molecular sieves that find application in
catalysis include any of the naturally occurring or
synthetic crystalline molecular sieves. Examples of
these zeolites include large pore zeolites,
intermediate pore size zeolites, and small pore
zeolites. These zeolites and their isotypes are
described in "Atlas of Zeolite Framework Types", eds.
W. H. Meier, D. H. Olson and Ch. Baerlocher, Elsevier,
Fifth Edition, 2001, which is hereby incorporated by
reference. A large pore zeolite generally has a pore
size at least about 7 A and includes LTL, VFI, MAZ,
FAU, OFF, *BEA, and MOR framework type zeolites (IUPAC
Commission of Zeolite Nomenclature). Examples of large
pore zeolites include mazzite, offretite, zeolite L,
VPI-5, zeolite Y, zeolite X, omega, and Beta. An
intermediate pore size zeolite generally has a pore
size from about 5 A to less than about 7 A and
includes, for example, MFI, MEL, EUO, MTT, MFS, AEL,
AFO, HEU, FER, MWW, and TON framework type zeolites
(IUPAC Commission of Zeolite Nomenclature). Examples
of intermediate pore size zeolites include ZSM-5,
ZSM-Il, ZSM-22, MCM-22, silicalite 1, and silicalite
2. A small pore size zeolite has a pore size from
about 3 A to less than about 5.0 A and includes, for
example, CHA, ERI, KFI, LEV, SOD, and LTA framework
type zeolites (IUPAC Commission of Zeolite
Nomenclature). Examples of small pore zeolites include
ZK-4, ZSM-2, SAPO-34, SAPO-35, ZK-14, SAPO-42, ZK-21,
ZK-22, ZK-5, ZK-20, zeolite A, chabazite, zeolite T,
gmelinite, ALPO- 17, and clinoptilolite. [0003] U.S.
Patent No. 4,439,409 refers to a crystalline molecular
sieve composition of matter named PSH-3 and its
synthesis from a reaction mixture for hydrothermal
reaction containing hexamethyleneimine, an organic
compound which acts as directing agent for synthesis
of the MCM-56 (U.S. Patent No. 5,362,697).
Hexamethyleneimine is also taughtfor use in synthesis
of crystalline molecular sieves MCM-22 (U.S. Patent
No. 4,954,325) and MCM-49 (U.S. Patent No. 5,236,575).
A molecular sieve composition of matter referred to as
zeolite SSZ-25 (U.S. Patent No. 4,826,667) is
synthesized from a reaction mixture for hydrothermal
reaction containing an adamantane quaternary ammonium
ion. U.S. Patent No. 6,077,498 refers to a crystalline
molecular sieve composition of matter named ITQ-I and
its synthesis from a reaction mixture for hydrothermal
reaction containing one or a plurality of organic
additives. [0004] U.S. Patent Application No.
11/823,129 discloses a novel molecular sieve
composition designated as EMM-10-P, having, in its
as-synthesized form, an X-ray diffraction pattern
including d-spacing maxima at 13.180.25 and 12.330.23
Angstroms, wherein the peak intensity of the d-spacing
maximum at 13.180.25 Angstroms is at least as great as
90% of the peak intensity of the d-spacing maximum at
12.330.23 Angstroms. U.S. Patent Application No.
11/824,742 discloses a novel molecular sieve
composition designated as EMM- 10, in its ammonium
exchanged form or in its calcined form, comprising
unit cells with MWW topology, said crystalline
molecular sieve is characterized by diffraction
streaking from the unit cell arrangement in the c
direction. The crystalline molecular sieve is further
characterized by the arced hkO patterns of electron
diffraction pattern. The crystalline molecular sieve
is further characterized by the streaks in the
electron diffraction pattern along the c direction.
U.S. Patent Application No. 11/827,953 discloses a
novel crystalline MCM- 22 family molecular sieve
having, in its as-synthesized form, an X-ray
diffraction pattern including a peak at d-spacing
maximum of 12.330.23 Angstroms, a distinguishable peak
at a d-spacing maximum between 12.57 to about 14.17
Angstroms and a non-discrete peak at a dspacing
maximum between 8.8 to 11.0 Angstroms, wherein the
peak intensity of the dspacing maximum between 12.57
to about 14.17 Angstroms is less than 90% of the peak
intensity of the d-spacing maximum at 12.330.23
Angstroms. [0005] The term "MCM-22 family material"
(or "material of the MCM-22 family" or "molecular
sieve of the MCM-22 family"), as used herein,
includes: (i) molecular sieves made from a common
first degree crystalline building block "unit cell
having the MWW framework topology". A unit cell is a
spatial arrangement of atoms which is tiled in
three-dimensional space to describe the crystal as
described in the "Atlas of Zeolite Framework Types",
Fifth edition, 2001, the entire content of which is
incorporated as reference;(ii) molecular sieves made
from a common second degree building block, a 2-
dimensional tiling of such MWW framework type unit
cells, forming a "monolayer of one unit cell
thickness", preferably one c-unit cell thickness;
(iii) molecular sieves made from common second degree
building blocks, "layers of one or more than one unit
cell thickness", wherein the layer of more than one
unit cell thickness is made from stacking, packing, or
binding at least two monolayers of one unit cell thick
of unit cells having the MWW framework topology. The
stacking of such second degree building blocks can be
in a regular fashion, an irregular fashion, a random
fashion, or any combination thereof; or (iv) molecular
sieves made by any regular or random 2-dimensional or
3-dimensional combination of unit cells having the MWW
framework topology. [0006] The MCM-22 family materials
are characterized by having an X-ray diffraction
pattern including d-spacing maxima at 12.40.25,
3.570.07 and 3.420.07 Angstroms (either calcined or
as-synthesized). The MCM-22 family materials may also
be characterized by having an X-ray diffraction
pattern including d-spacing maxima at 12.40.25,
6.90.15, 3.570.07 and 3.420.07 Angstroms (either
calcined or as-synthesized). The X-ray diffraction
data used to characterize the molecular sieve are
obtained by standard techniques using the K-alpha
doublet of copper as the incident radiation and a
diffractometer equipped with a scintillation counter
and associated computer as the collection system.
Materials belong to the MCM-22 family include MCM-22
(described in U. S. Pat. No. 4,954,325), PSH-3
(described in U.S. Pat. No. 4,439,409), SSZ-25
(described in U.S. Pat. No. 4,826,667), ERB-I
(described in European Patent No. 0293032), ITQ-I
(described in U.S. Pat. No. 6,077, 498), ITQ-2
(described in International Patent Publication No.
WO97/17290), ITQ-30 (described in International Patent
Publication No. WO2005118476), MCM-36 (described in
U.S. Pat. No. 5,250,277), MCM-49 (described in U.S.
Pat. No. 5,236,575) and MCM-56 (described in U.S. Pat.
No. 5,362,697). The entire contents of the patents are
incorporated herein by reference. [0007] It is to be
appreciated the MCM-22 family molecular sieves
described above are distinguished from conventional
large pore zeolite alkylation catalysts, such as
mordenite, in that the MCM-22 materials have 12-ring
surface pockets which do not communicate with the
10-ring internal pore system of the molecular
sieve.[0008] The zeolitic materials designated by the
IZA-SC as being of the MWW topology are multi-layered
materials which have two pore systems arising from the
presence of both 10 and 12 membered rings. The Atlas
of Zeolite Framework Types classes five differently
named materials as having this same topology: MCM-22,
ERB-I, ITQ-I, PSH-3, and SSZ-25. 



[0009] The MCM-22 family molecular sieves have been
found to be useful in a variety of hydrocarbon
conversion processes. Examples of MCM-22 family
molecular sieve are MCM- 22, MCM-49, MCM-56, ITQ-I,
PSH-3, SSZ-25, and ERB-I. Such molecular sieves are
useful for alkylation of aromatic compounds. For
example, U.S. Patent No. 6,936,744 discloses a process
for producing a monoalkylated aromatic compound,
particularly cumene, comprising the step of contacting
a polyalkylated aromatic compound with an alkylatable
aromatic compound under at least partial liquid phase
conditions and in the presence of a transalkylation
catalyst to produce the monoalkylated aromatic
compound, wherein the transalkylation catalyst
comprises a mixture at least two different crystalline
molecular sieves, wherein each of the molecular sieves
is selected from zeolite beta, zeolite Y, mordenite
and a material having an X-ray diffraction pattern
including d-spacing maxima at 12.40.25, 6.90.15,
3.570.07 and 3 .420.07 Angstroms. [0010] A report by J
. Ruan, P. Wu, B. Slater, L. Wu, J. Xiao, Y. Liu, M.
He, O. Terasaki at the 15 IZA Conference in Beijing in
2007 disclosed ISE-MWW and ISE-FER materials, the
former made from MCM-22-P material as starting
material. U.S. Patent Application Publication
2005/0158238 to Tatsumi et al. disclosed MWW type
zeolite substance. U.S. Patent Application Publication
2004/0092757 to Oguchi et al. disclosed crystalline
MWW type titanosilicate catalyst. A report by W. Fan,
P. Wu, S. Namba, and T. Tatsumi (J. Catalyst 243
(2006) 183-191) disclosed a new titanosilicate
molecular sieve with the structure analogous to
MWW-type lamellar precursor. J . Ruan, P. Wu B. Slater
and O. Terasaki disclosed detailed structure of
Ti-YNU-I (Angew. Chem. Int. Ed., 2005, 44, 6719)
similar to ISE-MWW. Another report by P. Wu, J . Ruan,
L. Wang, L. Wu, Y Wang, Y Liu, W. Fan. M. He, O.
Terasaki and T. Tatsumi disclosed a methodology for
synthesizing crystalline aluminosilicates with
expanded pore windows through molecular
alkoxysilylation of zeolitic lamellar precursors (J.
Am. Chem. Soc. 2008, 130, 8178-8187). [0011] These
closely related material may further be distinguished
by comparing XRD diffraction pattern for d-spacing
maxima corresponding to (002), (100), (101) and (102)
reflections for both as-synthesized and calcined
materials. The d-spacing maximum corresponding to
(002) reflection is typically in the range from 14.17
to 12.57 Angstroms(-6.15-7. 05 deg 2-q Cu Ka). The
d-spacing maximum corresponding to (100) reflection is
typically in the range from 12.1 to 12.56 Angstroms
(-7.3-7. 05 deg 2-q Cu Ka). The dspacing maximum
corresponding to (101) reflection is typically in the
range from 10.14 to 12.0 Angstroms (8.7-7.35 deg 2-q
Cu Ka). The d-spacing maximum corresponding to (102)
reflection is typically in the range from 8.66 to
10.13 Angstroms (10.2-8.7 deg 2-q Cu Ka). The
following table (Table 1) summarized the differences
between MCM-22, MCM-49, EMM- 10, MCM-56 and the
titanosilicate material reported by Tatsumi et al.
based on the existence and/or the feature of XRD
diffraction pattern for d-spacing maxima corresponding
to (002), (100), (101) and (102) reflections for both
as-synthesized and calcined materials. Table 1IMPROVED
METROLOGY THROlJGO USE OF FEED FORWARD FEED SlDEWAY
CLAIM OF PRIORITY This application claims the priority
benefit of U.S. Provisional Patent Application Number
61/082,45 1, filed July 21, 2008, entitled "IMPROVED
METROLOGY THROUGH USE OF FEED FORWARD FEED SIDEWAYS
AND MEASUREMENT CELL RE-USE" the entire contents of
which are incorporated herein by reference BACKGROUND
OF INVENTION As the components of semiconductor
devices shrink to smaller and smaller sizes, now on
the order of nanometers, the ability to improve
metrology performance, productivity, and device
correlation becomes ever so important. Old methods for
determining film, critical dimensions (CD), and
overlay metrology involved independent metrology of
film, CD, and overlay on different targets and did not
rely on the commonality of data and sampling between
metrology paradigms. The disadvantages involved with
these older methods included the need for occupying a
large amount of scribe space; a slow move, acquire,
and measurement (MAM) time: and limited modeling
performance due to the need to float multiple
parameters. It is within this context that embodiments
of the present invention arise. BRIEF DESCRIPTION OF
THE DRAWINGS FIG. IA is a sequence of schematic
diagrams illustrating a prophetic example of metrology
in accordance with an embodiment of the present
invention. FIG. IB is a sequence of schematic diagrams
illustrating a prophetic example of metrology in
accordance with an alternative embodiment of the
present invention. FIG. 1C is an information flow
diagram illustrating a prophetic example of metrology
in accordance with another alternative embodiment of
the present invention. FIG. ID is a sequence of
schematic diagrams illustrating a prophetic example of
metrology in accordance with another alternative
embodiment of the present invention FIG. 2A is
schematic diagram illustrating a prophetic example of
a metrology apparatus in accordance with an embodiment
of the present invention.FlG. 2B is a schematic
diagram illustrating a prophetic example of a
metrology tool that may be used to make measurements
during the course of metrology in accordance with a
embodiment of the present invention. FIG 3A is a plan
view schematic diagram illustrating a layout for a
four-cell metrology target in accordance with an
embodiment of the present invention. FIG. 3B is a plan
view schematic diagram illustrating an alternative
layout for a four-cell metrology target in accordance
with an embodiment of the present invention. FIG. 4A
is a three-dimensional diagram illustrating structure
for which overlay metrology was simulated in
accordance with an embodiment of the present
invention. FlG. 4B is a plan view schematic diagram
illustrating the layout of a three-cell metrology
target that may be used for metrology on a structure
of the type shown in FIG. 4A in accordance with an
embodiment of the present invention. FIGs. 5A-5D arc a
sequence of cross-sectional schematic diagrams
illustrating fabrication of structure for which
metrology was simulated in accordance with an
embodiment of the present invention FIGs 6A-6D are
graphs showing the results of the metrology simulation
for the fabrication sequence depicted in FlGs 5A-5D.
DESCRIPTION OF THE SPECIFIC EMBODIMENTS Embodiments of
the present invention are directed towards improvement
of film, critical dimension (CD), and overlay
metrology performance, productivity, and device
correlation through the implementation of a novel
target design and use of feed forward scenarios. This
invention aims to minimize setup time, metrology time,
and minimize the reticle footprint cast on the
semiconductor device. The embodiments described herein
have many possible advantages that will be generally
described. First, the integrated metrology used in
track could take measurements prior to any
lithography, including metrology measurements for
blanket films on top of prior structures. Also, by
interpolating film thickness, other dispersive
qualities of the film and properties between film
metrology sites, it is possible to sample fewer sites
at deposition steps than we need to sample for overlay
steps. By tracking wafers deposited and etched from
the same chamber, one can use prior layer information
from measurement of another wafer in the same lot and
same chamber as our wafer if measurements do not exist
for our wafer at the prior layer.
Furthermore,embodiments of the present invention have
the advantage of combining differential measurements
arid modeling with overlay offsets to enhance the
parameters of interest or 



minimize the sensitivity to parameters not of
interest. FlG. IA is a flow diagram illustrating a
sequence of cross-sectional figures that describe a
method for metrology during semiconductor device
fabrication according o an embodiment of the present
invention. In FlG. IA, the method for metrology used
includes feed-forward, feedsideways, and cell reuse
technologies. The flow diagram describes this method
of metrology as it is used in a litho-etch-litho-etch
double-patterning lithography setup. This method of
metrology is not limited to use in this type of
double-patterning lithography, as it can be
implemented in correspondence with litho-litho-etch
double-patterning lithography, singlepatterning
lithography, spacer patterning and can also be
implemented to take metrology measurements under
various other circumstances. FIG. IA illustrates this
method of feed forward, feed-sideways, and cell reuse
metrology using a 4-cell target layout, which involves
Atarget cells aligned along the scribe line of the
sample in question targeted at different areas, and
scatterometry techniques to process metrology
measurements in only one direction. This method of
feed-forward, feed-sideways, and cell reuse metrology
can be embodied with different enumerations of target
cells depending on the type of metrology measurements
necessary under the given circumstances. Furthermore,
the scatterometry techniques can be implemented
through spectroscopic and/or angle-resolved
scatterometry, reflectomelry, ellipsometry, etc.
According to the example illustrated in FIG. 1A, a
patterned sample being measured may include up to 5
layers at each step of the sequence, including: a
photoresist 101 a hard mask 102, a layer to be
patterned 103, an insulation layer 104, and an
existing pattern 105. Of course, under different
circumstances, a greater or lesser number of layers
may be present. However even if different numbers of
layers are used, the feed-forward, feed-sideways, and
cell reuse metrology method may still be able to
implement automated recipe generation to provide
feed-forward, feed-sideways, and cell reuse
procedures. By way of example, a 4-target cell layout
may be implemented using cell 1 106, cell 2 107, cell
3 108, and cell 4 109, each of which may be positioned
to cover a different area along a scribe line of the
sample in question. Initially, cell I may be used for
a critical dimension measurement of a sample P with
the existing pattern 105, insulation layer 104, the
layer to be patterned 103, and a hard mask 102. Cell 2
107 may be used for measuring the film metrology of
the sample P. Information from the film
metrologymeasurement obtained using cell 2 may then be
fed sideways to the measurement performed on cell 1
106 as indicated by the left-pointing arrow labeled
FS. These film metrology measurements may include the
film thickness, the film refraction dispersion
qualities, or the film dielectric dispersion qualities
The measurement tool or process used for cell 1 106
may use this information to mode! the critical
dimension (CD) metrology of the sample P. By way of
example, the critical dimension measurement obtained
with cell 1 may be in the form of lineedge roughness
(LER), line-width roughness (LWR), sidevvall angle,
line width (top, middle, or bottom), corner rounding,
or size of footer, which is a measurement of an
extension of the bottom of the line. After these two
measurements are taken, a first lithographic step of a
double-patterned lithography setup may be completed in
which photoresist 101 is layered on top of the hard
mask 102 and developed. The lithographic process
produces a new sample LI in a (Irs! subsequently
formed layer, which includes the developed photoresist
101, which is then measured. In this example, cell 2
107 and cell 1 106 are both reused to measure this
sample. The film metrology measured by cell 2 107 from
sample P, may be fed forward to the measurement of
cell 2 107, as indicated by the curved arrows labeled
FF. Cell 2 107 may then be used for measurements
targeting sample Ll, and this cell is then used to
model the critical dimension (CD) metrology of the
sample Ll. At this point, the CD of cell 2 107 from
sample Ll may be fed sideways to the measurement
process for cell 1 106, which is now targeting sample
Ll. Simultaneously, the CD of cell 1 106 taken from
sample F may be fed forward to the measurement of cell
1 106, which is now targeting sample Ll. In feeding
forward the CD of cell 1 106 taken from sample P, one
may feed forward a starting estimate of the CD to be
further modeled, instead of the exact CD that was
taken by cell 1 106 from sample P. Cell 1 106,
targeting sample Ll. may use this information to
calculate the overlay between the sample after the
first lithographic step Ll and that of the initial
sample P . After the measurements are taken for this
first lithographic step, the sample may then be etched
for the first time. This newly etched sample El
consists of an incompletely patterned layer 103, the
insulation layer 104, and the existing pattern 105.
Cell 3 108, is now used for measurement of film
metrology of this sample El. This information may be
fed sideways to a measurement of cell 2 107 which is
now targeting sample El, and the CD metrology of
sample El is modeled.After completing the first etch
of the sample, a second lithographic step may be
completed producing a new sample L2 in a second
subsequently formed layer. This new sample L2 consists
of our patterned sample after completion of the first
etch with the addition of a hard mask 102 and another
layer of developed photoresist 104 Cell 2 107 and cell
3 108 may be reused to take metrology measurements of
the sample L2. The film metrology taken by cell 3 108
from sample El, may be fed forward to the measurement
of cell 3, which is now targeting sample L2 The
measurement of Cell 3 108 may use this information to
model the CD metrology of sample L2. The CD metrology
modeled by cell 2 107 from sample El, may be fed
forward o the measurement of cell 2 107, which is now
targeting sample L2. In feeding forward the CD of cell
2  06 taken from sample El, one may feed forward a
starting estimate of the CD to be further modeled
instead of the exact CD that was taken by cell 2 107
from sample El. Simultaneously or subsequently, the CD
metrology modeled by cell 3 107 from sample L2 may be
fed sideways to the measurement of cell 2 107, which
is targeting sample L2. The measurement of cell 2 107
may use this information to calculate the overlay
between sample Ll and sample P. Similarly, the CD
modeled by cell 3 108 from sample L2 may be fed
sideways to a measurement of cell 4 109, which may use
this information to calculate the overlay between
sample L2 and our initial sample P. The last step to
completing a litho-etch-litho-etch double-patterning
setup is a second etch step. The resulting sample E2
includes the patterned layer 103, the insulating layer
104 and the existing pattern 105 Cell 2 107, Cell 3
108, and Cell 4 109 are reused to take metrology
measurements for this sample E2 Cell 3 108 is used to
take measurements and model the CD of its targeted
area on sample E2. This information is then fed
sideways to measurements of both cell 2 107 and cell 3
109. The measurement of cell 2 107 may use this
information to model the CD of its targeted area on
sample E2. The measurement of cell 3 109 may use this
information to calculate the overlay between sample E2
and the initial sample P . A number of variations on
the process depicted in FlG. IA are within the scope
embodiments of the present invention. By way of
example, and not by way of limitation, FIG IB
illustrates a prophetic example of a method for
metrology during semiconductor device fabrication
according to an alternative embodiment of the present
invention. This embodiment utilizes a three-cell
target layout. It is noted that by removing one cell
the feed forward to the L2 overlay from the previous
overlay measurement may be disabled. However, the
footprint required for the targetused in the method
depicted in FlG. 1B is substantially less than that
required for the target used in the method of FIG IA.
This may be a practical tradeoff in many cases, since
Ll to P is still measured and the crucial (i.e.,
tightest tolerance) is between L2 and Ll in this
example. The advantage of the 3-cell approach is that
it reduces the overall footprint of the target and
enables 4 use cases, focus/dose for iitho 1 and litho
2, as well as critical dimension and overlay from
litho 1 to previous and Htho2 to litho 1. According to
the example illustrated in FIG. IB a patterned sample
being fabricated and measured may utilize the 5 layers
described above, e.g., a photoresist 101, a hard mask
102, a 



layer to be patterned 103, an insulation layer 104,
and an existing pattern 105. Under different
circumstances, a greater or lesser number of layers
may be present. By way of example, a 3- target cell
layout may be implemented using cell 1 106, cell 2
107, and cell 3 108, each of which may be positioned
to cover a different area along a scribe line of the
sample in question. Initially, cell 1 106 may be used
for a critical dimension (CD) measurement of a sample
from a previous process with the existing pattern 105,
insulation layer 104, the layer to be patterned 103,
and a hard mask 102. Cell 3 108 may be used to measure
focus and does for the previous process. After the CD
and focus/dose measurements are taken, a first
lithographic step of a may be completed in which
photoresist 101 is layered on top of the hard mask 102
and developed. The lithographic process produces a
first lithography layer Ll formed by developing
photoresist 101. The first lithography layer Ll may
then be measured using all three cells 106, 107, 108.
In this example, cell 1 106 is reused to measure
overlay (OVL) between the previous layer and Ll, cell
2 107 is for a critical dimension (CD) measurement of
the first lithography layer Ll, and cell 3 108 is
reused for a focus/dose measurement of the first
lithography layer Ll. In this example, the overlay
measurement between the first lithography layer Ll and
previous layer P may utilize information fed forward
from the CD measurement on previous layer P with cell
1 106 and may also utilize information fed sideways
from the CD measurement on L 1with cell 2 107 The CD
measurement on the first lithography layer Ll done
with cell 2 107 may also utilize information fed
sideways from the focus/dose measurement done on layer
Ll with cell 3 108. The focus/dose measurement done on
lithography layer Ll with cell 3 108 may utilize
information fed forward from the focus/dose
measurement done on previous layer P using cell
108.The layer 103 is patterned by an etch process that
etches the layer 103 and the hardmask layer 102
through openings in the photoresist 101 . The
resulting etched pattern layer El may then be measured
using eel! 1 106 and cell 3 108. Specifically, cell 3
108 may be reused for a focus/dose measurement of etch
pattern layer El and cell 1 106 may be reused for a CD
measurement of etched pattern layer El . Information
from the focus dose measurement done with cell 3 108
may be fed sideways for use by the CD measurement done
with cell 1 106. After completing the etch and
measurement of the etched pattern layer El, a second
lithographic step may be completed producing a second
lithography layer L2 formed by forming another hard
mask and photoresist layer on the etched pattern layer
El and developing the photoresist layer Metrology may
be performed on the second lithography layer L2 by
reusing cell 1 106, cell 2 107, and cell 3 108 Cell 1
106 may be reused for a focus/dose measurement, cell 2
107 may be reused for an overlay measurement between
the first lithography layer Ll and the second
lithography layer L2, and cell 3 108 may be reused for
a CD measurement on the second lithography layer L2.
The focus/dose measurement with cell 1 106 may also
use information fed forward from the CD measurement on
pattern layer El with cell 1 106. The overlay
measurement between the first lithography layer Ll and
the second lithography layer L2 with cell 2 107 may
use information fed sideways from the Ll -L2 overlay
measurement with cell 1 106 and information fed
sideways from the L2 CD measurement with cell 3
According to an alternative embodiment metrology
information fed forward and fed sideways may be used
to provide adaptive information flow for DPL process
control. FIG. 1C? illustrates a prophetic example of
how this may be implemented. Critical dimension
metrology on a first lithographic layer Ll may be fed
forward to be used in modeling metrology performed on
an etched pattern layer E1. Film metrology may be
performed after rctlow of a hardmask layer and
formation of a second lithography layer L2. Overlay
metrology between the first lithographic layer L 1 and
a previous layer may be fed forward to be used in
modeling metrology performed on the second
lithographic layer L2 Critical dimension metrology
(CD2) performed on the second lithographic layer L2
may be fed forward to model dose focus metrology
performed on L2. Information from the CDl and CD2
metrologies mav be fed forward to be used in modeling
overlay metrology between L.2 and Ll . The result of
this overlay measurement (or modeling) and the CDl,
CD2 metrologies may be analyzed to determine if any
CDU rework is needed on the second lithographic layer
L2. If rework is not required, the process may proceed
to asubsequent etch that forms a second etch pattern
E2. Otherwise, correctibles analysis may be performed
and focus, dose and overlay information from the
analysis may be used to adjust the rework. The rework,
may involve removing the second lithographic layer L2
and reforming and re-patterning it. Film metrology and
CD2 may be repeated for the re-worked second
lithographic layer L2. According to another
alternative embodiment, OVL information may be fed
forward or sideways from an imaging target as shown in
FIG. ID. This may have the advantage that overlay data
from an imaging sensor can often be extracted from
substantially smaller targets at a higher measurement
rate. In the Example depicted in FIG. ID, grating
targets are formed in two cells (Cell 1 and Cell2) and
an imaging target is formed in a third cell (Cell 3).
In the example depicted In FIG. ID, information from
grating measurements from Cell 1 and overlay
measurement from Cell 3 is fed sideways to model a
grating measurement made with Cell 2. By way of
example, the imaging target may include a first
structure 112 formed in one layer and a second
structure 114 formed in a different layer. The
structures 112, 114 may be periodic (e.g., grating)
structures. Such grating style targets (sometimes
referred to as "AIM" marks) can be denser and more
robust, than "box" or ring-type marks conventionally
used for overlay measurement. This allows for
collection of more process information, as well as
target structures that can withstand the rigors of
chemical mechanical polishing (CMP). The use of such
marks is described, e.g., in commonly assigned US
Patents 6,023,338, 6,921,916 and 6,985,618, all three
of which are incorporated herein by reference for all
purposes. Additional examples of such targets arc
described, e.g., in U.S. Patent 7,408,642. According
to an embodiment of the present invention, an
apparatus for metrology during semiconductor device
fabrication may be configured to implement measurement
processes of the types described above. For example as
shown in FIG. 2A, a semiconductor fabrication system
200 may comprise a lithography tool 202, a metrology
tool 204 and a controller 206. The metrology tool may
include a computer processor and memory configured
with coded instructions 205 that control the metrology
tool and process information obtained from
measurements taken with the metrology tool 204. The
controller 206 may include a generalpurpose computer
programmed with instructions 207 o control the
operation oflithography tool202 and metrology tool
204. In addition, the controller 206 may include a
memory that stores data 209, which may include the
results of measurements obtained by the metrology
tool. The lithography tool 202 performs lithographic
processes on substrates 201 The metrology tool 204 is
configured to perform one or more types of metrology
measurement on a layer of material or a pattern formed
in a layer of material on the substrates 201 . Upon
execution, the coded instructions 205, may cause the
metrology tool 204 to: a) model a first measurement on
a first test cell formed m a layer of a partially
fabricated device; b) perform a second measurement on
a second test cell m the layer; c) feed information
from the second measurement mto the modeling of the
first measurement; and d) after a lithography pattern
has been formed on the layer including the first and
second test cells, model a third and a fourth
measurement on the first and second test cells
respectively using information from a) and b)
respectively. The instructions 205 may also cause to
metrology tool 204 to implement other operations The
instructions 205 implemented by the metrology tool 204
may operate m conjunction with the 



instructions 207 implemented by the controller 206 to
enable the feed forward and sideways use cases
described above. Fur example, in the case of feed
sideways, metrology data from two adjacent cells may
be acquired sequentially m close temporal proximity A
number of options may be envisaged for the data
handling Firstly, {he metrology data from the first
cell (e.g. cell 1 106) may be kept m memory of the
controller 206 (or the metrology tool 204) for
immediate use in calculation of the subsequent
structural parameters after measurement of the second
cell (e.g., cell 2 107). Secondly, the metrology data
from the first cell can be stored in a "wafer level"'
database or model and used subsequently in calculation
of structural parameters after measurement of the
second cell. In the case of feed forward, the
metrology data from one or more cells may be collected
from some or all sites of a given wafer and then kept
m a database for future retrieval for use as input in
calculation of metrology parameters from the same or
different cell after processing. In one embodiment the
database may be kept resident on the metrology tool
204. In another embodiment, the database may be kept
by an analysis database, such as Archer
Analyzeravailable for KLA-Tencor or San Jose,
California. In a third embodiment the database may be
kept in the controller 206, e.g., a fab host computer
and data may be provided as requested by the metrology
tool 204. The metrology tool may be configured to
perform scatterometry, overlay and CD. Such
measurements may be performed with any suitable
technique FlG. 2B illustrates an example of a
metrology tool that may be used to perform such
measurements. FIG. 2B illustrates an angle resolved
rcilectometer 10 that can be used to perform
scatterometry measurements on the target structures at
the surface of a sample 14, such as thin film layers
12 and/or structural features such as critical
dimensions. The rcflectomcter 10 may include a light
source 20 for generating a probe beam 22 of radiation.
One suitable light source is a solid state laser diode
which emits a linearly polarized beam having a stable,
known and relatively narrow bandwidth. The probe beam
22 may be turned towards a sample 14 with a 50/50 beam
splitter 24. The probe beam 22 may be focused onto the
surface of the sample 14 with a lens 26. A fraction of
the probe beam power also passes through the beam
splitter 24 and falls on an incident power detector 30
In the refleclometer 10, waveplate 42 is optional.
Polarizer 44 could be before detector 40, as shown, or
after light source 20, or both. The light source 20
could be monochromatic or polychromatic. The output of
the detector 40 is supplied to the processor 50 for
evaluation. A full description of the angle resolved
reflectometcr 10 may be found in US Patent number
6,995,842, which is incorporated herein by reference
in its entirety. If it is desired to extend this
concept to measure multiple wavelengths, the laser
light source 20 could be a white light source that
would generate a polychromatic probe beam A wavelength
selective filter 60 (shown in phantom in FIG. 2B) may
be placed somewhere in the light path between the
light source 20 and the detector 40 The filter 60
could take the form of simple band pass (color)
filters which are selectively moved into the path of
the beam Alternatively, a monochrometer may be used to
sequentially select narrow wavelength regions. Of
course a tunable laser or multiple lasers with
different wavelengths may also be used A more detailed
description of a spectroscopic
ellipsometer/refleclometer apparatus which could be
used as the metrology tool 204 to make the
scatterometry measurements in conjunction with
embodiments of die present invention is shown in FIG 2
of US Patent number 6,734,967, which is incorporated
herein by reference in its entirety.According to an
embodiment of the present invention a semiconductor
device may incorporate a test structure comprising two
or more cells. Each cell includes a plurality of test
patterns formed in a substrate or a layer of material
formed thereon. For at least one lithography step at
least two cells are patterned with substantially the
same test pattern. For at least one other lithography
step only one cell is patterned and the other is left
unpatterned. The patterns in each cell and/or the
differences in the patterns between cells may be
configured to facilitate feed forward or feed sideways
of film, CD or other metrology information. In
addition, the patterns in each cell and/or the
differences in the patterns between cells may be
configured or to reduce the number of fitted
parameters in a metrology measurement. In some
embodiments it may be advantageous to layout the
patterns in the cells in such a way as to minimize
cross talk between adjacent cells. For example,
because samples can be multi dimensional, metrology
measurements often must be taken in both the
x-direclion and the ydirection in order to complete
this feed-forward, feed-sideways, and cell reuse
method of metrology. By way of example, a test
structure may comprise at least four cells, at least
two of which have patterns that are substantially
oriented in one direction and at least two others of
which have similar patterns that are oriented in a
direction substantially perpendicular to the first
direction. FIG. 3A and FIG. 3B illustrate examples of
possible layouts of a four-cell metrology target
according to an embodiment of the invention in which
the targets are able to measure in both the
x-direction and the y-direction. By interweaving the x
and y cells one may reduce interference caused by the
scattcrometiy technique employed to make these
metrology measurements. When two x-cells, or two
y-cells are positioned next to each other, cross-talk
occurs, and so that the metrology measurements of each
cell may be altered due to interference from the
scattered radiation of its adjacent cell. By
interweaving the x and y cells, cross-talk may be
minimized, which allows for more accurate metrology
measurements. It is noted that the above-described
examples illustrate application of an embodiment of
the invention to critical dimension metrology, film
metrology and overlay metrology. However, embodiments
of the present invention are not limited in their
application to just these types of metrology. By way
of example, embodiments of the invention may also be
extended to applications involving scanner dose and
focus parameters should also be included by usingknown
methods of model inversion e.g. polynomial and neural
network, from other feature geometry parameters. t is
anticipated that scanner focus may be a sensitive
function of resist height as measured after exposure.
However, resist height as measured on a grating cell
may reasonably be expected to be a function not only
of the lithographic conditions, but also of the
initial resist thickness which may vary across the
wafer. In order to improve the accuracy of an
inversion model created on a focus exposure matrix, a
two-cell target may be envisaged where one target
(e.g., cell 1 106) enables a direct film measurement
(e.g a resist height since the cell is masked ) and an
adjacent cell (e.g., cell 2 107) is a grating cell
where the resist height is measured after lithographic
exposure. In this way the "resist height loss"
resulting from exposure of the resist may be
determined, which is expected to be a more sensitive
parameter to focus than resist height alone which
convolves information from the track, not just the
scanner. To determine the performance of feeding
measurement information forward and/or sideways during
semiconductor metrology, a measurement sequence was
modeled experimentally using a simulation program The
simulation program used was a mix of two programs
developed by KLA-Tencor. SpectraSuite 5.0 was used for
generating diffraction database for a given sample
producing Mueller Matrix elements for a given angle of
illumination and ConfigutationAnalysisTool vlO was
used to describe the optical system geometry and its
illumination and collection characteristics including
noise level producing an estimated uncertainty of the
measurement based on selection of parameters of the
sample used to perform the estimation. The structure
for which the measurement was simulated is illustrated
in FIG. 4A. The structure corresponds to a resist
grating on top of a hard-mask grating. A resist
grating 402 is to be formed on top of a thin film
material referred to as an ARC 404 which covers a
hardmask grating 406 formed on a polysilicon layer 408
that lies on top of a gate oxide 410. 



FIGs. 5A-5A depict the simulated fabrication sequence
in used in conjunction with the simulations As shown
in FIG. 5A, a photomask mask 501 is used to pattern a
first resist layer to form a top resist grating 402A
on top of the thin film (ARC?) layer 404 and hardmask
layer 406. The geometry parameters of top resist
grating 402A are collectively referred to herein as
G2. The G2 geometry parameters include a critical
dimension at a mid-point of the grating (MCD2), a side
wall angle (SWA2), and a height (HT2). The thin film
(ARC) layer 404 is etched throughopenings in the
resist grating 402A down to the hardmask layer 406
After the first resist grating 402A is stripped, the
pattern of the top resist grating has been transferred
to the thin film material 404 forming a grating 404A.
A second resist grating 402B is formed on exposed
portions of the hardmask layer 406, as shown in FIG.
5B. A second photomask (not shown) is used to pattern
a resist layer that forms the second resist grating
402 B. The hardraask layer 406 is then etched through
the patterned think film 404 and the second resist
grating 402B down to the polysilicon layer 408
producing a bottom hardmask grating 406B as shown in
FIG. 5C. The geometry parameters of the hard mask
grating 406B are collectively referred to herein as
Gl. The Gl geometry parameters include a critical
dimension at a mid-point of the grating (MCDl), a side
wall angle (SWAl), and a height (HTl ) . The relative
shift in the position of between top grating 402A and
bottom grating 402B (or hardmask grating 406B) is
referred to as overlay. Once the hardraask grating is
formed, the polysilicon layer 408 may be etched
through openings in the hardmask grating 406B thereby
producing a polysilicon grating 408A on top of the
gate oxide as shown in FIG. 5D The results of the
simulation are shown in FIGs. 6A-6D. The labels in the
plots refer to the parameters of the simulation whose
uncertainty of the measurement is being estimated.
Thus for example, if a label states OYL, then only the
overlay parameter was measured and only the overlay
uncertainty was estimated. As an additional example,
if a label states OVL(OVL+G2), then the overlay
parameter and all the parameters of G2 (such as MCD2,
SWA2, and HT2) were simulated as being measured and
all their respective uncertainties were estimated so
that in this case four parameters were simulated and
four uncertainties were calculated, while only the
overlay uncertainty is plotted. The implicit
information in each of the plots is that if a
parameter is not being "measured" then it was provided
into the measurement calculation by either
feed-forward or feed-sideways from another
measurement. Thus, the plots depict the improved
precision for overlay measurement as more parameters
are made available from either feed-forward or
feed-sideways. The horizontal axis labels in FIGs.
6A-6D refer to the different KT reflectometer
apparatus configurations that were simulated. These
apparatus configurations arc identified by numbers 1
through I O along the horizontal axes of the graphs in
FIGs. 6A-6D.In the simulation results illustrated in
FIGs. 6A-6D a 32 nm Gate ADl stack for Pattcrn-over-
Pattern was analyzed to estimate expected precision (3
sigma) for a variety of hardware configurations. The
feasibility of simultaneous OVLH-CD target based
measurements via scattcromctry is demonstrated based
on use of a Feed-Forward / Feed-Sideways strategy. As
may be seen from FIGs. 6A-6D, for 235 nm lower
wavelength based eUVR, the use of feed forward and
feed sideways offers a significant advantage in the
polarized mode. These results demonstrate the
potential for a complete cascade design of single
target multi-cell OVL+CD measurements. It is noted
that metrology may be performed on a structure of the
type shown in FIG. 4A using a three-cell metrology
target 420 as shown in FIG. 4B. Specifically, the
metrology target 420 may include first and second
cells 422, 424 having grating targets and a third cell
426 having a target designed to facilitate measurement
of film thickness. Such a three-cell target 420 may be
used to implement tough metrology cases by breaking
down the metrology problem into pieces and feeding
information forward arid/or sideways to and from the
different pieces. By way of example, the measurements
of the first cell 422 may be used to for measurements
that provide information used to determine the
critical dimension and sidewall angle for portions of
the hardraask grating 406. The second cell 424 may be
used for measurements that provide information used to
determine the critical dimension and sidewall angle
for portions of resist grating 402. The third cell 426
may be used for measurements that provide information
for determining a thickness of the polysilicon layer
408 before and after etching or other processes that
may affect the thickness. While the above is a
complete description of the preferred embodiment of
the present invention, it is possible to use various
alternatives, modifications and equivalents. Therefore
the scope of the present invention should be
determined not with reference io the above description
but should instead, be determined with reference to
the appended claims along with their full scope of
equivalents. Any feature, whether preferred or not,
may be combined with any other feature, whether
preferred or not. In the claims that follow, the
indefinite article "A", or An refers to a quantity of
one or more of the item following the article, except
where expressly stated otherwise. In the claims that
follow, the word "or" is to be interpreted as an
inclusive "or"; e.g., A or B is satisfied if cither A
or B individually is present and alternatively
satisfied if both A and B are present. The appended
claims are not to be interpreted as including
means-plus-functionlimitations, unless such a
limitation is explicitly recited in a given claim
using the phrase "means for."CLAIMS What is claimed
is: L A method for metrology during semiconductor
device fabrication, comprising: a) modeling a first
measurement on a first test cell formed in a layer of
a partially fabricated device; b) performing a second
measurement on a second test ceil in the layer; c)
feeding information from the second measurement into
the modeling of the first measurement; and after a
lithography pattern has been formed on the layer
including the first and second test cells, d) modeling
a third and a fourth measurement on the first and
second test cells respectively using information from
a) and b) respectively 2. The method of claim 1,
wherein a) includes modeling a critical dimension
metrology measurement on the first test cell formed in
the layer of the partially fabricated device 3 The
method of claim 1 wherein b) includes performing a
film metrology measurement on the second test cell in
the layer. 4. The method of claim 1, wherein c)
includes feeding sideways the information from the
second measurement into the modeling of the first
measurement. 5 The method of claim 1, wherein d)
includes modeling a third measurement for overlay
metrology. 6 The method of claim 1, wherein d)
includes modeling a fourth measurement for critical
dimension metrology 7. The method of claim 1, wherein
d) includes feeding forward the first measurement on
the first test cell to model the third measurement on
the first test cell. 8. The method of claim 1, wherein
d) includes feeding forward the second measurement on
the second test cell to model the fourth measurement
on the second test cell. 9 The method of claim 1,
wherein d) includes feeding sideways the fourth
measurement on the second test cell to model the third
measurement on the first test cell. 10. The method of
claim 1, further comprising:e) after an etch has been
performed on the layer, modeling a fifth measurement
on the second test cell in the layer; f) performing a
sixth measurement on a third test cell in the layer; 



g) feeding information from the sixth measurement into
the modeling of the fifth measurement; and after a
second lithography pattern has been formed on the
layer including the first, second third test cells, h)
modeling a seventh and eighth measurement on the
second and third test cells respectively using
information from f ) and g) respectively. 11. The
method of claim 10, wherein e) includes modeling a
critical dimension metrology measurement on the second
test cell. 12. The method of claim 10, wherein f )
includes performing a film metrology measurement on
the third test cell. 13. The method of claim 10,
wherein g) includes feeding information sideways from
the sixth measurement into the modeling of the fifth
measurement. 14 The method of claim 10, wherein the
seventh measurement is an overlay metrology
measurement. 15. The method of claim 10, wherein the
eighth measurement is a critical dimension metrology
measurement. 16. The method of claim 10, wherein h)
includes feeding forward the fifth measurement on the
second test cell to model the seventh measurement on
the second test cell. 17 The method of claim 10,
wherein h) includes feeding forward the sixth
measurement on the third test cell to model the eighth
measurement on the third test cell. 18. The method of
claim 10, wherein h) includes feeding sideways the
eighth measurement on the third test cell to model the
seventh measurement on the second test cell 19. The
method of claim 10, further comprising modeling a
ninth measurement on a fourth test cell in the layer
using information from the sixth measurement. 20. The
method of claim 10 wherein the third test cell
includes an imaging target.21. The method of claim 20,
wherein modeling a ninth measurement on a fourth test
cell includes feeding forward the sixth measurement on
the third test cell. 22. The method of claim 20,
wherein modeling a ninth measurement on a fourth test
ceil includes feeding sideways the eighth measurement
on the third test cell. 23. The method of claim 10,
further comprising: after a second etch has been
performed on the layer; i) modeling a ninth
measurement on the second test cell; j ) modeling a
tenth measurement on the third test cell; and k)
feeding information from the tenth measurement on the
third test cell to model the ninth measurement on the
second test cell. 24. The method of claim 23, wherein
i) includes modeling a critical dimension metrology
measurement on the second test cell. 25. The method of
claim 23, wherein j) includes modeling a critical
dimension metrology measurement on the third test
cell. 26. The method of claim 23, wherein k) includes
feeding sideways the tenth measurement on the third
test cell to model the ninth measurement on the second
test cell. 27. The method of claim 23, further
comprising modeling an eleventh measurement on the
fourth test cell using the tenth measurement on the
third test cell. 28. The method of claim 27, wherein
the tenth measurement on the third test cell is fed
sideways to model the eleventh measurement on the
fourth test cell. 29. The method of claim 1 wherein
the first measurement includes a measurement of a
height of a resist before exposure of the resist and
wherein the second measurement includes measurement of
the height of the resist after exposure of the resist.
30. An apparatus for metrology during semiconductor
device fabrication, comprising a metrology tool
configured to perform one or more types of metrology
measurement on a layer of material or a pattern formed
in a layer of material; a computer processor coupled
to the metrology tool; and a computer memory coupled
to the processor, the computer memory having
embodiedtherein computer-readable instructions, that
when executed by the computer processor cause the
metrology tool to : a) model a first measurement on a
first test cell formed in a layer of a partially
fabricated device; b) perform a second measurement on
a second test cell in the layer; c) feed information
from the second measurement into the modeling of the
first measurement; and d) after a lithography pattern
has been formed on the layer including the first and
second test cells, model a third and a fourth
measurement on the first and second test cells
respectively using information from a) and b)
respectively. 31.A test structure for use in
manufacturing a semiconductor device, comprising; a
substrate; two or more test cells formed on the
substrate or formed in a layer of material on a
surface of the substrate, wherein each of said two or
more test cells includes a plurality of test patterns
formed on the substrate or formed on a layer of
material formed thereon, wherein the test cells are
coni gurcd for metrology measurements associated with
two or more lithography steps performed on the
substrate or one or more layers of material formed
thereon, wherein for at least one lithography step at
least two of said two or more test cells arc patterned
with substantially the same test pattern, wherein for
at least one other lithography step only one of said
two or more test cells is patterned and another of
said two or more test cells is left unpatterned,
wherein test patterns in each of said two or more test
cells and/or differences in the patterns between two
or more of said two or more test cells are configured
to facilitate feed forward or feed sideways of
metrology information. 32 The test structure of claim
31 wherein the patterns in each cell and/or the
differences in the patterns between cells are
configured or to reduce the number of fitted
parameters in a metrology measurement. 33. The test
structure of claim 31, wherein said two or more test
cells comprise at least four cells, at least two of
which have patterns that are substantially oriented in
one direction and at least two others of which have
similar patterns that are oriented in a direction
substantially perpendicular to the first direction.34.
The test structure of claim 3 1, wherein said two or
more test cells comprise at least three cells, at
least one of which includes an imaging target. 35. The
test structure of claim 31 wherein said two or more
test cells comprise three cells, including first and
second cells containing grating targets and a third
cell containing a film thickness target. 


