
Sulfonylethyl phosphorodiamidates Technical Field
[0001] This invention relates to sulfonylethyl and
thioethyl phosphorodiamidates, formulations containing
them, theit pharmaceutical use, and their preparation
and intermediates in their preparation. Background Art
[0002] US Patent No. 5,556,942 [and PCT Publication
No. WO 95/09865] discloses compounds of the formula
and their amides, esters, and salts, where: L is an
electron withdrawing leaving group; S is -S(=O)-,
-S(=O) 2-, -S(=NH)-, -S(=O)(=NH)-, -S+(C1-C6 alkyl)-,
-Se(=O)-, -Se(=O) 2-, -Se(=NH)-, or -Se(=O)(=NH)-, or
is -O-C(=O)-, or -HN-C(=O)-; each R1, R2 and R3 is
independently H or a non-intetfering substituent; n is
0, 1 or 2; Y is selected from the group consisting of
H2NCH(CH2)m - HOOC(CH2)mCH H2NCH(CH2)mCONHCH2- and
COOH ' NH2 ' COOH HOOC(CH2)mCHCONHCH2- NH2 where m is
1 or 2; and AACis an amino acid linked through a
peptide bond to the remainder of the compound. [0003]
The compounds are stated to be useful drugs for the
selective treatment of target tissues which contain
compatible GST isoenzymes, and simultaneously elevate
the levels of GM progenitor cells in bone marrow.
Disclosed embodiments for L include those thatgenerate
a dtug that is cytotoxic to unwanted cells, including
the phosphoramidate and phosphorodiatnidate mustards.
[0004] One of the compounds has the formula It is
referred to in the patent as TER 286 and named as
g-glutamyl-a-amino-b-((2-ethyl-
N,N,N,N-tetra(2'-cUoro)emylphosphoramidate)sulfonyl)pr
opionyl-( -l.)-(--)-phenylglycine. This compound,
later referred to as TLK286, has the CAS name
L-g-glutamyl-
3-[[2-[[bis[bis(2-cUoroemyl)amino]phosphinyl]ox5r]ethy
l]sulfonyl]-L-alanyl-2-phenyl- (2R)-glycine. As the
neutral compound, its proposed International
Nonproprietary Name is canfosfamide; and as its
hydrochloride acid addition salt, its United States
Adopted Name is canfosfamide hydrochloride.
Canfosfamide and its salts are anticancer compounds
that are activated by the actions of GST Pl-I, and by
GST Al-I, to release the cytotoxic phosphorodiamidate
mustard moiety. [0005] I n vitro, canfosfamide has
been shown to be more potent in the M6709 human colon
carcinoma cell line selected for resistance to
doxorubicin and the MCF-7 human breast carcinoma cell
line selected for resistance to cyclophosphamide, both
of which overexpress GST Pl-I, over there parental
cell lines; and in murine xenografts of M7609
engineered to have high, medium, and low levels of GST
Pl-I, the potency of canfosfamide hydrochloride was
positively correlated with the level of GST Pl-I
(Morgan et al., Cancer Res., 58:2568 (1998)). [0006]
Canfosfamide hydrochloride is currently being
evaluated in multiple clinical trials for the
treatment of ovarian, breast, non-small cell lung, and
colorectal cancers. It has demonstrated significant
single agent antitumor activity and improvement in
survival in patients with non-small cell lung cancer
and ovarian cancer, and single agent antitumor
activity in colorectal and breast cancer. Evidence
from in vitro cell culture and tumor biopsies
indicatesthat canfosfamide is non-cross-resistant to
platinum, paclitaxel, and doxorubicin (Rosario etal.,
MoL Pharmacol, 58:167 (2000)), and also to
gemcitabine. Patients tteated -wit h canfosfamide
hydrochloride show a very low incidence of clinically
significant hematological toxicity. [0007] PCT
Publication No. WO 95/09865 also discloses
intermediates that are compounds of the formula and
their amides, esters, and salts, where: L is an
electron withdrawing leaving group; S+ is S or Se; S*
is -S(=O)-, -S(=O) 2-, -S(=NH)-, -S(=O)(=NH)-,
-S+(C1-C6 alkyl)-, -Se(=O)-, -Se(=O) 2-, -SeC=NH)-, or
-Se(=O)(=NH)-, or is -O-C(=O)-, or -HN-C(=O)-; each
R1, R2 and R3 is independently H or a non-interfering
substituent; n is 0, 1 or 2; Y is selected from the
group consisting of H2NCH(CH2)m - HOOC(CH2)mCH
H2NCH(CH2)mCONHCH2- gnd COOH ' NH2 ' COOH
HOOC(CH2)mCHCONHCH2- NH2 where m is 1 or 2; and AACis
an amino acid linked through a peptide bond to the
remainder of the compound. [0008] US Patent No.
6,506,739 [ and PCT Publication No. WO 01/83496]
discloses compounds of the formulawhere: X is a
halogen atom; Q is O, S, or NH; and R is hydrogen,
optionally substituted lower alkyl, optionally
substituted aryl, or optionally substituted
heteroaryl, or is R1CO-, R1NHCO-, R1SO2-, or R1NHSO 2-
where R1is hydrogen, optionally substituted lower
alkyl, optionally substituted aryl, or optionally
substituted heteroaryl; or R-Q together is chlorine;
and their salts. [0009] The compounds are stated to be
antitumor agents. [0010] It would be desirable to
develop other anticancer drugs having an efficacy and
safety as good or better than canfosfamide and other
compounds of US Patent No. 5,556,942. Disclosure of
the invention [0011] In a first aspect, this invention
is compounds of formula A, B, and C: A B C where: each
R is independently hydrogen, C 6 alkyl, or -CH 2CH2X,
where each X is independently Cl, Br, C1 6
alkanesulfonyloxy, halo-C j.6 alkanesulfonyloxy, or
benzenesulfonyloxy optionally substituted with up to
three substituents selected from halo, C1 3 alkyl,
halo-C^ alkyl, Cj.3 alkyloxy, or halo-Q . alkyloxy,
provided that at least two R's in each
phosphorodiamidate group are -CH 2CH2X;R1 is
optionally substituted alkyl, optionally substituted
heteroalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted
heteroaryl, or optionally substituted heteroaralkyl;
and R2 is optionally substituted alkanediyl,
optionally substituted heteroalkanediyl, optionally
substituted arenediyl, optionally substituted
arenedialkyl, optionally substituted heteroarenediyl,
or optionally substituted heteroarenedialkyl, and
their salts. [0012] In a second aspect, this invention
is pharmaceutical compositions comprising a compound
of the first aspect of this invention. [0013] In a
third aspect, this invention is the use of compounds
of the fitst aspect of this invention in the
manufacture of medicaments to treat cancer; and
methods of treating cancer by the administration of a
compound of the first aspect of this invention or a
pharmaceutical composition of the second aspect of
this invention; alone or in combination with other
anticancer therapies. [0014] In a fourth aspect, this
invention is compounds of formula BB and CC: R Il
N-P-N R OIl R R O R /N-PI-N I R O R R ? N-P-N R o R BB
CC where: each R is independently hydrogen, C1 6
alkyl, or -CH 2CH2X, where each X is independently Cl,
Br, C . alkanesulfonyloxy, halo-C^ alkanesulfonyloxy,
or benzenesiilfonyloxy optionally substituted with up
to three substituents selected from halo, C1 3 alkyl,
halo-C1 3 alkyl, C1 3 alkyloxy, or HaIo-C1 3 alkyloxy,
provided that at least two R's in each
phosphorodiamidate group are -CH 2CH2X;R1 is
optionally substituted alkyl, optionally substituted
heteroalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted
heteroaryl, or optionally substituted heteroaralkyl;
and R2 is optionally substituted alkanediyl,
optionally substituted heteroalkanediyl, optionally
substituted arenediyl, optionally substituted
arenedialkyl, optionally substituted heteroarenediyl,
or optionally substituted heteroarenedialkyl, and
their salts. [0015] In a fifth aspect, this invention
is pharmaceutical compositions comprising a compound
of the fourth aspect of this invention. [0016] In a
sixth aspect, this invention is the use of compounds
of the fourth aspect of this invention in the
manufacture of medicaments to treat cancer; and
methods of treating cancer by the administration of a
compound of the fourth aspect of this invention or a
pharmaceutical composition of the fifth aspect of this
invention; alone or in combination with other
anticancer therapies. [0017] In a seventh aspect, this
invention is methods of preparing compounds of the
first and fourth aspects of this invention. Compounds
of the first aspect of this invention are conveniently
prepared from compounds of the fourth aspect of this
invention. Modes for carrying out the invention.
[0018] Definitions [0019] "Alkyl" means a monovalent
group derived from a saturated or unsaturated (but not
aromatically unsaturated) C1-C10 hydrocarbon that may
be linear, branched, or cyclic by removal of one
hydrogen atom from a carbon atom. Examples are methyl,
ethyl, propyl, 1-propenyl, isopropyl, butyl, isobutyl,
-butyl, tert-butyl, pentyl, hexyl, cyclopentyl,
cyclopenten-1-yl, cyclopropylmethyl, cyclohexyl, and
cyclohexylmethyl. Saturated alkyls (including
cycloalkyls) and C1-C6 alkyls are exemplary. Note that
the definition of "alkyl" in this application is
broader than the conventional definition and includes
groups more commonly referred to as "cycloalkyl",
"cycloalkylalkyl", "alkenyl", and "alkynyl".
"Alkanediyl" means a divalent group derived from an
"alkyl" (as that term is defined here) by removal of a
second hydrogen atom from the same carbon atom or
another carbon atom, preferably fromanother carbon
atom. Examples are 1,2-ethanediyl, but-2-en-l,4-diyl,
1,5-pentanediyl, and 



1,4-cyclohexanediyl. [0020] A "substituted alkyl" is
an alkyl substituted with up to three halogen atoms
and/or up to three substituents selected from -CN, -NO
2, -OR, -SR, -COR, -OC(O)R, -C(O)OR, -NR 2, -NR3 +X ,
-PR2, -PR3 +X , -SO2OR, -OSO2R, -SO2NR2, -NRSO 2R,
-CONR 2, -NRCOR and -NRC(O)OR, where each R is,
independently, hydrogen, optionally R'-substituted
alkyl, optionally R'-substituted heteroalkyl,
optionally R'-substituted aryl, optionally
R'-substituted heteroaryl, optionally R'-substituted
aralkyl, or optionally R'-substituted heteroaralkyl
and each R' is, independently, 1 to 3 substituents
selected from halo, -CN, -NO 2, -OH, C1 3 alkyl, C 3
alkyloxy, -SH, -NH 2, or -C(O)Oalkyl (preferably, 1 to
3 substituents selected from halo, -CN, -NO 2, -OH, C1
3 alkyl, C1 3 alkyloxy, -SH, or -NH 2), or two R
groups form a 4- or 5-member optionally R'-substituted
alkanediyl or optionally R'-substituted
heteroalkanediyl, and X is a halogen. Thus, for
example, substituted alkyl groups include such groups
as trifluoromethyl, 3-chloropropyl, and
2-morpholinoethyl. Substituted alkyl groups also
include the residues (i.e. all except the thiol) of
thiol-amino acids such as cysteine, homocysteine, and
penicillamine, and their esters and amides formed by
reaction at die carboxy group and amides or
sulfonamides formed by reaction at the amine group,
such as their iV-protected forms and esters, where one
substituent is -COOR and another substituent is -NH 2
or -NRC(O)OR. "Substituted alkanediyl" means
alkanediyl substituted in the manner described above
for an alkyl. Compounds of this invention also include
compounds where any non-aromatic amine having 1 or 2
hydrogen atoms present is protected by an
amine-protecting group of the formula R*OC(O)- such as
/^-butoxycarbonyl, benzyloxycarbonyl,
fluorenylmethoxycarbonyl, and other similar
conventional carbamate-forming protecting groups. The
term "substituted alkyl" specifically excludes
dipeptides and higher peptides based on cysteine (i.e.
where the "substituted alkyl" is bonded to the
sulfonylethyl phosphorodiamidate portion of the
molecule through the cysteine sulfur atom) and their
esters, amides, and ester/ amides. "Elaborated" refers
to the conversion of a reactive substituent to another
typically more complex substituent, such as the
conversion of an amine to an amide or sulfonamide, a
carboxy group to an ester or amide, a hydroxy to an
ester, and conversion of an amide or sulfonamide with
one or more hydrogen atoms on the nitrogen to one
where one or more of those hydrogen atoms is replaced
by an optionally substituted alkyl, heteroalkyl, aryl,
heteroaryl, aralkyl, or heteroaralkyl group.
"Protected" has its conventionalmeaning in organic
synthesis, namely the temporary conversion of a
reactive substituent to a substituent that is
non-reactive under the conditions of the reaction(s)
proposed to be carried out; such as the protection of
an amine as a carbamate as mentioned above. [0021]
"Heteroalkyl" means alkyl in which 1 to 3 of the
carbon atoms are replaced by O, S, or NR (where R is H
or C1 3 alk l optionally substituted with halogen or
hydroxy), including linear groups such as 3-oxapentyl;
monocyclic rings containing 5 or 6 ting atoms such as
2-tetrahydrofuranyl, 2-pyrrolidinyl, 3-piperidinyl,
2-piperazinyl, 4-methyl-l-piperazinyl,
4-dihydropyrapyl, and 3-morpholinyh and groups such as
tetrahydrofuran-2-ylmetbyl and pipetidin-3-ylethyl.
"Heteroalkanediyl" means a divalent group derived from
a heteroalkyl by removal of a second hydrogen atom,
such as 3-oxapentane-l,5-diyl. Heteroalkyl and
heteroalkanediyl groups also include those where a
ring nitrogen is oxidized to form an N-oxide. A
"cycloamino" group is a cyclic heteroalkyl of 5 to 7
ting atoms containing a nitrogen ting atom by which
the group is bonded to the remainder of the molecule
of which it forms a part and optionally containing a
further ting heteroatom selected from O, S, and NR
(where R is H or C1 3 alkyl optionally substituted
with halogen, hydroxy, or 1 or 2 phenyl groups).
4-Methyl-l-piperazinyl,
4-(2-hydroxyethyl)-l-piperazinyl, 4-(dipheny]methyl)-
1-piperazinyl, and 4-morpholinyl are examples of
cycloamino groups. Compounds of this invention also
include compounds where any -NR 2 group present is
replaced by a cycloamino group. [0022] "Substituted
heteroalkyl" and "substituted hereteroalkanediyl" mean
heteroalkyl and heteroalkanediyl substituted in the
manner described above for substituted alkyl. [0023]
"Aryl" means a monovalent group derived from an
aromatic hydrocarbon containing 6 to 14 ting carbon
atoms by removal of one hydrogen atom from a carbon
atom, which is monocyclic (e.g., phenyl), condensed
polycyclic, for example, condensed bicyclic (e.g.,
naphthyl), or linked polycyclic, for example, linked
bicyclic (e.g., biphenylyl). "Arenediyl" means a
divalent group derived from an aryl by removal of a
second hydrogen atom from a carbon atom, such as
1,4-benzenediyl, 1,5-naphthalenediyl, and
biphenyl-4,4'-diyl. A preferred aryl is phenyl, and a
preferred arenediyl is benzenediyl (any isomer).
[0024] "Substituted aryl" means aryl substituted with
up to three substituents selected from halo, -CN, -NO
2, -OR, optionally halo-substituted C1 3 alkyl,
optionally halo-substituted C1 3 alkyloxy, -SR, -COR,
-OC(O)R, -C(O)OR, -NR 2, -NR3 +X , -PR2, -PR3 +X ,
-SO2OR,-OSO 2R, -SO2NR2, -NRSO 2R3-CONR 2, -NRCOR, and
-NRC(O)OR, where each R is hydrogen, optionally
R'-substituted alkyl, optionally R'-substituted
heteroalkyl, optionally R'-substituted aryl,
optionally R'-substituted heteroaryl, optionally
R'-substituted aralkyl, or optionally R'-substituted
heteroaralkyl (preferably, hydrogen or optionally
R'-substituted alkyl) and each R' is, independently, 1
to 3 substituents selected from halo, -CN, -NO 2, -OH,
C1 alkyl, C1-3 alkyloxy, -SH, -NH 2, or -C(O)Oalkyl
(preferably, halo, -CN5-NO 2, -OH, Cj_3 alkyl, C1 3
alkyloxy, -SH, or -NH 2), or two R groups form a 4- or
5-member optionally R'-substituted alkanediyl or
optionally R'-substituted heteroalkanediyl, and X is a
halogen. Two adjacent substituents may also form a
methylenedioxy or ethylenedioxy group. Substituted
aryl groups include aryl groups substituted with up to
three substituents selected from the group consisting
of halo, -CN, -NO 2, -OH, optionally halo-substituted
C1 3 alkyl, optionally halosubstituted C1 3 alkyloxy,
-SH, and -NH 2, for example, phenyl substituted in
this way. "Substituted atenediyl" means arenediyl
substituted in the manner described above for an aryl.
Preferred substituted aryls are substituted phenyls.
[0025] "Aralkyl" means alkyl substituted with aryl,
such as benzyl and phenethyl. A preferred aralkyl is
benzyl. "Arenedialkyl" means two alkyls jointly
substituted with arenediyl, such as benzene-
1,4-dimethyl. A preferred arenedialkyl is
benzenedimethyl (any isomer). [0026] "Substituted
aralkyl" means aralkyl in which one or both of the
aryl and the alkyl are substituted in the manner
described above for substituted aryl and substituted
alkyl; and "substituted arenedialkyl" means
arenedialkyl in which one or more of the arenediyl and
the two alkyls are substituted in the manner described
above for substituted arenediyl and substituted alkyl.
The preferred substituted aralkyls are substituted
benzyls; and preferred substituted arenedialkyls are
substituted benzenedimethyls. [0027] "Halogen" or
"halo" means F, Cl, or Br. [0028] "Heteroaryl" means
aryl in which 1 to 4 (preferably 1 to 3) of the ring
carbon atoms are replaced by O, S, N, or NR (where R
is H or C1-3 alkyl), preferably O, S, or NR, including
monocyclic groups containing 5 or 6 ring atoms such as
furanyl, thienyl, pyrrolyl, oxazolyl, imidazolyl,
pyridinyl, pyrazinyl, pyridazinyl, pyrimidinyl, and
the like, and bicyclic groups such as benzothiazolyl,
putinyl, and benzimidazolyl. Monocyclic rings are
preferred. "Heteroarenediyl" means a divalent group
derived from a heteroaryl by removal of a
secondhydrogen atom from a carbon atom. Heteroaryl and
heteroarenediyl groups also include those where a ring
nitrogen is oxidized to form an N-oxide. [0029]
"Substituted heteroaryl" and "substituted
heteroarenediyl" mean heteroaryl and heteroarenediyl
substituted in the manner described above for
substituted aryl. [0030] "Heteroaralkyl" means alkyl
substituted with heteroaryl, such as 2-thienylmethyl.
"HeteroarenediaLkyl" means two alkyls substituted
jointly with heteroarenediyl, such as
2,5-furanyldiethyl. [0031] "Substituted heteroaralkyl"
and "substituted heteroarenedialkyl" mean
heteroaralkyl and heteroarenedialkyl substituted in
the manner described above for substituted alkyl and
substituted arenedialkyl. [0032] "Salts" are described
in the section entitled "Compounds of this invention".
[0033] A "therapeutically effective amount" means that
amount which, when administered to a human for
treating a cancer, is sufficient to effect treatment
for the cancer. "Treating" or "treatment" of a cancer
in a human includes one or more of: (1)
lirniting/irihibiting growth of the cancer, i.e.,
limiting/ arresting its development, (2)
reducing/preventing spread of the cancer, i.e.
reducing/preventing metastases, (3) relieving the
cancer, i.e., causing regression of the cancer, (4)
reducing/preventing recurrence of the cancer, and (5)
palliating symptoms of the cancer. [0034] "Combination
therapy" means the administration of a compound of the
first or fourth aspects of this invention and another
anticancer therapy during the course of cancer
chemotherapy. Such combination therapy may involve the
administration of the compound of the first or fourth
aspect of this invention before, during, and/or after
the administration of the another anticancer therapy.
The administration of the compound of the first or
fourth aspect of this invention may be separated in
time from the administration of the another anticancer
therapy by up to several weeks, and may precede it or
follow it, but more commonly the administration of the
compound of the first or fourth aspect of this
invention will accompany at least one aspect of the
another anticancer therapy (such as the administration
of one dose of a chemotherapeutic agent, molecular
targeted therapy agent, biologic therapy agent, or
radiation therapy) within up to 48 hours, and most
commonly within less than 24 hours.[0035] "Another
anticancer therapy" is an anticancer therapy that is
not a treatment with a compound of the first or fourth
aspect of this invention. Such "another anticancer
therapies" include chemotherapy; molecular targeted
therapy; biologic therapy; and radiotherapy. These
therapies ate those used as monotherapy or in
combination therapy. [0036] Chemotherapeutic agents
include: alkylating agents, including: alkyl
sulfonates such as busulfan, ethyleneitnine
derivatives such as thiotepa, nitrogen mustards such
as chlorambucil, cyclophosphamide, estramustine,
ifosfamide, mechlorethamine, melphalan, and
uramustine, nitrosoureas such as carmustine,
lomustine, and streptozocin, triazenes such as
dacarbazine, procarbazine, and temozolamide, and
platinum compounds such as cisplatin, carboplatin,
oxaliplatin, satraplatin, and picoplatin;
antimetabolites, including: antifolates such as
methotrexate, permetrexed, raltitrexed, and
trimetrexate, purine analogs such as cladribine,
chlorodeoxyadenosine, clofarabine, fludarabine,
mercaptopurine, pentostatin, and thioguanine, 



pyrimidine analogs such as azacitidine, capecitabine,
cytarabine, edatrexate, floxuridine, fluorouracil,
gemcitabine, and troxacitabine; natural products,
including: antitumor antibiotics such as bleomycin,
dactinomycin, mithramycin, mitomycin, mitoxantrone,
porfiromycin, and anthracyclines such as daunorubicin
(including liposomal daunorubicin), doxorubicin
(including liposomal doxorubicin), epirubicin,
idarubicin, and vakubicin, enzymes such as
L-asparaginase and PEG-L-asparaginase, microtubule
polymer stabilizers such as the taxanes paclitaxel and
docetaxel, mitotic inhibitors such as the vinca
alkaloids vinblastine, vincristine, vindesine, and
vinorelbine, topisomerase I inhibitors such as the
camptothecins irinotecan and topotecan, and
topoisomerase II inhibitors such as amsactime,
etoposide, and teniposide; hormones and hormone
antagonists, including: androgens such as
fluoxymesterone and testolactone,antianckogens such as
bicalutamide, cyproterone, flutamide, and nilutamide,
aromatase inhibitors such as aminoglutethimide,
anastrozole, exemestane, formestane, and letrozole,
corticosteroids such as dexamethasone and prednisone,
estrogens such as diethylstilbestrol, antiestrogens
such as fulvestrant, raloxifene, tamoxifen, and
toremifine, LHRH agonists and antagonists such as
buserelin, goseren, leuprolide, and triptorelin,
progestins such as medroxyprogesterone acetate and
megestrol acetate, and thyroid hormones such as
levothyroxine and liothyronine; and miscellaneous
agents, including altretamine, arsenic trioxide,
gallium nitrate, hydroxyurea, levamisole, mitotane,
octreotide, procarbazine, suramin, thalidomide,
lenalidomide, photodynamic compounds such as
methoxsalen and sodium porfimer^ and proteasome
inhibitors such as bortezomib. [0037] Molecular
targeted therapy agents include: functional
therapeutic agents, including: gene therapy agents,
antisense therapy agents, tyrosine kinase inhibitors
such as erlotinib hydrochloride, gefitinib, imatinib
mesylate, and semaxanib, and gene expression
modulators such as the retinoids and rexinoids, e.g.
adapalene, bexarotene, /r".r-retinoic acid,
9-*r-retinoic acid, and N-(4-hydroxyphenyl)retinamide;
phenotype-directed therapy agents, including:
monoclonal antibodies such as alemtuzumab,
bevacizumab, cetuximab, ibtitumomab tiuxetan,
rituximab, and trastuzumab, immunotoxi as such as
gemtuzumab ozogamicin, radioimmunoconjugates such as
131I-tositumomab, and cancer vaccines. [0038] Biologic
therapy agents include: interferons such as
interferon- a2a and interferon- a2b, and interleukins
such as aldesleukin, denileukin diftitox, and
oprelvekin. [0039] In addition to these agents
intended to act against cancer cells, anticancer
therapies include the use of protective or adjunctive
agents, including:cytoprotective agents such as
amifostine, dexrazoxane, and mesna, phosphonates such
as pamidronate and zoledronic acid, and stimulating
factors such as epoetin, darbeopetin, filgrastim,
PEG-filgrastim, and sargramostim. [0040] Combination
cancer therapy regimens with which the compounds of
the first aspect of this invention may be combined
include all regimens involving the use of two or more
of the anticancer therapies (anticancer agents) such
as those mentioned in paragraphs [0036] to [0038]
above and/ or radiotherapy, optionally including
protective and adjunctive agents such as those
mentioned in paragraph [0039] above; and the compound
of the first or second aspect of this invention can be
added to existing anticancer regimens known for the
treatment of various cancers, such as the regimens
mentioned in such books as Cancer Chemotherapy and
Biotherapy: Principles and Practice, 3rd ed. (2001),
Chabner and Longo, eds., and Handbook of Cancer
Chemotherapy, 6th ed. (2003), Skeel, ed., both from
Iippincott Williams &Wilkins, Philadelphia,
Pennsylvania, U.S.A.; and regimens for anticancer
therapies, especially chemotherapies, may be found on
Web sites such as those maintained by the National
Cancer Institute (www.cancer.gov), the American
Society for Clinical Oncology (www.asco.org), and the
National Comprehensive Cancer Network (www.nccn.org).
[0041] Many combination chemotherapeutic regimens are
known to the art, such as combinations of platinum
compounds and taxanes, e.g. carboplatin/paclitaxel,
capecitabine/docetaxel, the "Cooper regimen",
fluorouracil-levamisole, fluorouracilleucovorin,
methotrexate-leucovorin, and those known by the
acronyms ABDIC, ABVD, AC, ADIC, AI, BACOD, BACOP,
BVCPP, CABO, CAD, CAE, CAF, CAP, CD, CEC, CF, CHOP,
CHOP+rituximab, CIC, CMF, CMFP, CyADIC, CyVADIC, DAC,
DVD, FAC, FAC-S5FAM-S, FOLFOX-4, FOLFOX-6, M-BACOD,
MACOB-B, MAID, MOPP, MVAC, PCV, T-5, VAC, VAD, VAPA,
VAP-Cydo, VAP-II, VBM, VBMCP, VIP, VP, and the like.
[0042] Combinations of chemotherapies and molecular
targeted therapies, biologic therapies, and radiation
therapies are also well known to the art; including
therapies such as trastuzumab + paclitaxel, alone or
in further combination with carboplatin, for certain
breast cancers, and many other such regimens for other
cancers; and the "Dublin regimen" and "Michigan
regimen", both for esophageal cancer, and many other
such regimens for other cancers.[0043] "Comprising" or
"containing" and their grammatical variants are words
of inclusion and not of limitation and mean to specify
the presence of stated components, groups, steps, and
the like but not to exclude the presence or addition
of other components, groups, steps, and the like. Thus
"comprising" does not mean "consisting of, "consisting
substantially of, or "consisting only of; and, for
example, a formulation "comprising" a compound must
contain that compound but may also may contain other
active ingredients and/or excipients. [0044] Compounds
of this invention [0045] In a first aspect, this
invention is sulfonylethyl phosphorodiamidates,
compounds of formula A, B, and C: A ' B C where: each
R is independently hydrogen, C1 6 alkyl, or -CH 2CH2X,
where each X is independently Cl5 Br, C1 6
alkanesulfonyloxy, halo-C j .6 alkanesulfonyloxy, or
benzenesulfonyloxy optionally substituted with up to
three substituents selected from halo, C1 3 alkyl,
ImIo-C1-3 alkyl, C1 3 alkyloxy, or halo-C 1.3
alkyloxy, provided that at least two R's in each
phosphorodiamidate group are -CH 2CH2X; R1 is
optionally substituted alkyl, optionally substituted
heteroalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted
heteroaryl, or optionally substituted heteroaralkyl;
and R2 is optionally substituted alkanediyl,
optionally substituted heteroalkanediyl, optionally
substituted arenediyl, optionally substituted
arenedialkyl, optionally substituted heteroarenediyl,
or optionally substituted heteroarenedialkyL and their
salts.[0046] In a fo rt h aspect, this invention is
thioethyl phosphorodiamidates, compounds of formula BB
and CC: BB CC where: each R is independently hydrogen,
C1 6 alkyl, or -CH 2CH2X, where each X is
independently Cl, Br, Cj_5 alkanesulfonyloxy, halo- ;
alkanesulfonyloxy, or benzenesulfonyloxy optionally
substituted with up to three substituents selected
from halo, C1 3 alkyl, halo-Q alkyl, C1 3 alkyloxy, or
halo-Q . alkyloxy, provided that at least two R's in
each phosphorodiamidate group are -CH 2CH2X; R1 is
optionally substituted alkyl, optionally substituted
heteroalkyl, optionally substituted aryl, optionally
substituted aralkyl, optionally substituted
heteroaryl, or optionally substituted heteroaralkyl;
and R2 is optionally substituted alkanediyl,
optionally substituted heteroalkanediyl, optionally
substituted arenediyl, optionally substituted
arenedialkyl, optionally substituted heteroarenediyl,
or optionally substituted heteroarenedialkyl, and
their salts. [0047] Salts (for example,
pharmaceutically acceptable salts) of the compounds of
formulae A, B, C, BB, and CC are included in the
present invention and are useful in the compositions,
methods, and uses described in this application (see
Berge et al.,/. Pharm. Sd., 66:1 (1971) for a
nonexclusive list of pharmaceutically acceptable
salts). [0048] These salts include salts that may be
formed when acidic protons present are capable of
reacting with inorganic or organic bases. Typically
the parent compound is treated with an excess of an
alkaline reagent, such as hydroxide, carbonate or
alkoxide, containing anappropriate cation. Cations
such as Na+, K+, Ca2+, Mg2+ and NH4 + are examples of
cations present in pharmaceutically acceptable salts.
Suitable inorganic bases, therefore, include calcium
hydroxide, potassium hydroxide, sodium carbonate and
sodium hydroxide. Salts may also be prepared using
organic bases, such as salts of primary, secondary and
tertiary amines, substituted amines including
naturally-occurring substituted amines, and cyclic
amines including isopropylamine, trimetiiylamine,
diethykmine, triethylamine, tripropylamine,
ethanolamine, 2-dimethylaminoethanol, tromethamine,
lysine, arginine, histidine, caffeine, procaine,
hydrabamine, choline, betaine, ethylenediamine,
glucosamine, JST-alkylglucamines, theobromine,
purines, piperazine, piperidine, N-ethylpiperidine,
and the like. [0049] If a compound of the first or
fourth aspects of this invention contains a basic
group, such as an amino or phosphino group, it may be
prepared as an acid addition salt. Acid addition salts
of the compounds are prepared in a standard manner in
a suitable solvent from the parent compound and an
excess of an acid, such as hydrochloric acid,
hydrobromic acid, sulfuric acid (giving the sulfate
and bisulfate salts), nitric acid, phosphoric acid and
the like, and organic acids such as acetic acid,
propionic acid, glycoHc acid, pyruvic acid, oxalic
acid, malic acid, malonic acid, succinic acid, maleic
acid, fumaric acid, tartaric acid, citric acid,
benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, salicylic
acid, 4-toluenesulfonic acid, hexanoic acid, heptanoic
acid, cyclopentanepropionic acid, lactic acid,
2-(4-hydroxybenzoyl)benzoic acid, 1,2-ethanedisulfonic
acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesulfonic acid,
2-naphthalenesulfonic acid, camphorsulfonic acid,
4-methylbicyclo [2.2.2.] oct-2-ene-l-carboxylic acid,
glucoheptonic acid, 



gluconic acid,
4,4'-methylenebis(3-hydroxy-2-naphthoic)acid,
3-phenylpropionic acid, trimethylacetic acid,
tett-hutylzcec acid, laurylsulfuric acid, glucuronic
acid, glutamic acid, 3-hydroxy-2-naphthoic acid,
stearic acid, muconic acid and the like. [0050]
Certain of the compounds may form inner salts or
zwitterions. [0051] Certain compounds of formula A, B,
and BB of the invention may contain one or more chiral
centers (for example, those based on amino acids). In
such cases, all individual stereoisomers and racemic
and non-racemic mixtures of the stereoisomers of the
compounds (and their salts) are included in this
invention. Typically the stereochemistiy of the
compounds of this invention will be dictated by the
stereochemistry of the thiols of formula A1 and B1,
and methods for the isolation of individual
stereoisomers of such thiols, for example, the
resolution of thiol-amino acids such as cysteine, are
well known to a person of ordinary skill inthe art and
are therefore not described here. In,many instances,
such as with cysteine and penicillamine, individual
stereoisomers and racemic mixtures of stereoisomers
are commercially available; and other thiols such as
dithiothreitol and dithioerythritol exist as
individual stereoisomers. [0052] The compounds are
named in this application semi-systematically based on
the CAS name of canfosfamide (i.e. with the thioethyl
or sulfonylethyl phosphorodiamidate portion of the
molecule named as a substituent on the remainder of
the molecule). Thus, the compounds 7OA, 128A, 23B3 and
1C below: 23B ,10 are named 3-[[2-[|bis[bis(2-cUoroe
yl)amino]phosphinyl]oxy]ethyl]sulfonyl]-L-alanine,
a-[[2-[[bis[bis(2-chloroediyl)arnino]phosphinyl]
oxy]ethyl]sulfonyl]toluene, 1,5-di[[2-[[bis
[bis(2-chloroethyl)amino]phosphinyl] oxy]ethyl]
sulfonyl]naphthalene, and di[2-[[bis
[bis(2-chloroethyl)amino]phosphinyl] oxy]ethyl]
sulfone, respectively. 15 [0053] Compounds of this
invention include those compounds of formulae A, B, C,
BB, and CC where one or more of the following is true:
1. each R is -CH 2CH2X; 2. each X is Cl, Br,
methanesulfonyloxy, trifluoromethanesulfonyloxy,
benzenesulfonyloxy, or 4-toluenesulfonyloxy;
especially where X is Cl or Br; particularly Cl; 20 3.
the compound is a compound of formula A; 4. R1 is
substituted with one or more groups that enhance the
solubility of the compoundover a compound that is not
so substituted, for example, hydroxy, carboxy, sulfo,
amino, quaternary ammonium, phosphino, and quaternary
phosphonium; 5. R1 is optionally substituted alkyl, or
optionally substituted aryl, or optionally substituted
aralkyl; and 6. R1 is the residue of an optionally
protected thiol-amino acid, or an elaborated
thiolamino acid such as an amide or ester formed by
reaction at the carboxy group and/ or amide or
sulfonamide formed by reaction at the amine group,
preferably the residue of a thiol-amino acid; 7. R1 is
the residue of 2-mercaptoacetic acid or
3-mercaptopropionic acid, or an elaborated acid such
as an amide or ester formed by reaction at the carboxy
group, particularly the residue of an optionally
elaborated 2-mercaptoacetamide; 8. the compound is a
compound of formula B; 9. R2 is substituted with one
or more groups that enhance the solubility of the
compound over a compound that is not so substituted,
for example, hydroxy, carboxy, sulfo, amino,
quaternary ammonium, phosphino, and quaternary
phosphonium; or 10. the compound is a compound of
formula C. [0054] Compounds of this invention include
each of the compounds described in the specification
and claims of this application as filed, including in
the Examples below, especially compounds 5A, 13A, 15A,
23A, 7OA, 128A, 171A, 172A, and 180A, and their salts.
Compositions, uses, and methods of this invention
include compositions, uses, and methods where the
compound is one of those mentioned in the preceding
sentence. [0055] Preparation of the compounds [0056]
Sulfonylethyl phosphorodiamidates of formula A, B, and
C may conveniently be prepared by oxidation of the
corresponding thioethyl phosphorodiamidates of
formulae AA, BB, and CC (with any reactive moiety in
R1 or R2 protected against oxidation if necessary), as
follows:AA BB CC Oxidation, e.g. with peroxyacid in
inert solvent A B [0057] This oxidation may be
performed by any of the methods known in the art for
the oxidation of thioethers to sulfones, such as the
use of peracids (peroxycarboxylic acids), persulfates,
perborates, peroxides, ozone, iodosyl reagents,
halogens, and the lite. If the compound of formula AA
or BB contains a reactive moiety in R1 or R2, such as
an amine group, that reactive moiety may be protected
before the oxidation and the resulting protected
compound of formula A or B deprotected if desired to
yield the final compound (though the protected
compounds are also among compounds of this invention).
Such protection and deprotection is seen in Synthetic
Example 2, for example. Where a peracid is used, a
typical procedure involves dissolving the compound of
formula AA, BB, or CC in a solvent such as acetic acid
or isopropyl acetate at reduced temperature, followed
by the addition of the peracid (e.g. peracetic acid)
in excess. [0058] After oxidation and optional
deprotection, the compounds of formula A and formula B
may be elaborated by synthetic methods known per se,
as discussed later in this application. [0059] The
thioethyl phosphorodiamidates of formula AA and BB may
conveniently be prepared by one of two methods: (1)
reaction of the corresponding thiols of formula A1 and
B1with a phosphorodiamidate (where X1 is Cl, Br, or an
alkane- or arenesulfonyloxy group such as
methanesulfonyloxy, benzenesulfonyloxy, or
4-toluenesulfonyloxy), as follows:R1-SH HS-R 2- SH A1
B1 AA BB ; and (2) (a) reaction of the thiols of
formula A1 and B1 with a 2-X1-ethanol (where X1 is Cl,
Br, C1 6 alkanesulfonyloxy, halo-C 1-6
alkanesulfonyloxy, or benzenesulfonyloxy optionally
substituted with up to three substituents selected
from halo, C1 3 alkyl, 1IaIo-C1-3 alkyl, C1 alkyloxy,
or halo-C 1-3 alkyloxy) to first form the
corresponding 2-hydroxyethyl thiols of formula A2 and
B2, followed by (b) reaction of the 2-hydroxyethyl
thiols with a phosphorodiamidyl halide or alkane- or
arenesulfonate (X2 is Cl, Br, C1 6 alkanesulfonyloxy,
halo-C 1-6 alkanesulfonyloxy, or benzenesulfonyloxy
optionally substituted with up to three substituents
selected from halo, C1 3 alkyl, ImIo-C1 3 alkyl, C1-3
alkyloxy, or halo-C^ alkyloxy), as follows:R1-SH
HS-R2-SH A1 B1 AA BB [0060] The direct conversion of
thiols of formula A1 and B1 to the thioethyl
phosphorodiamidates of formula AA and BB may be
performed by any of the methods known in the art for
alkylation of thiols. A typical procedure involves
dissolving the thiol of formula A1 or B1 in a polar
solvent such as water, an alcohol, dimethylformamide,
or tetrahydrofuran, then treating it with a base such
as a hydroxide, alkoxide, fluoride, or tertiary amine
or amide base to form the thiolate anion, followed by
adding the phosphorodiamidate. Thiolate displacement
of the leaving group X1 of the 2-X1-ethyl
phosphorodiamidate gives the compounds of formula AA
and BB. [0061] Alternatively, the thiols of formula A1
and B1 may be treated with ethanol 2-substituted with
Cl, Br, Cj 6 alkanesulfonyloxy, halo-C16
alkanesulfonyloxy, or benzenesulfonyloxy optionally
substituted with up to three substituents selected
from halo, C1 alkyl, halo-C^ alkyl, C1 3 alkyloxy, or
halo-C^ alkyloxy, e.g. 2-chloroethanol, under the
conditions of the previous paragraph to give the
2-hydroxyethylthiol compounds of formula A2 and B2,
which may then be converted to the compounds of
formula AA and BB, typically by reacting the compounds
of formula A2 and B2 with a phosphoro&iamidyl halide
or alkaneor arenesulfonate in an aprotic solvent such
as tetrahydrofuran, toluene, or dichloromethane in the
presence of an base such as an alkoxide or tertiary
amine.[0062] After optional deprotection, the
compounds of formula AA and formula BB may be
elaborated by synthetic methods known perse, as
discussed later in this application. [0063] The
compounds of formula CC are conveniently prepared by a
two-step synthesis, in which 2,2'-thiodiethanol is
reacted with a sub-stoicbiometric amount of a
phosphorodiamidyl halide or alkane- or arenesulfonate
in an aprotic solvent in the presence of a base such
as an alkoxide to give the mono-phosphorodiamidate
ester, and that ester is then reacted with an excess
of the phosphorodiamidyl halide or alkane- or
arenesulfonate, again in an aprotic solvent in the
presence of a base such as an alkoxide, to give the
bis-phosphorodiamidate ester, as follows: C C [0064]
Pharmaceutical compositions and administration [0065]
The second and fifth aspects of this invention are
pharmaceutical compositions comprising a compound of
the first or fourth aspect of this invention and
optionally a pharmaceutically acceptable excipient.
[0066] The compounds of the first and fourth aspects
of this invention may be administered by any route
suitable to the subject being treated and the nature
of the subject's condition. Routes of administration
include administration by injection, including
intravenous, intraperitoneal, intramuscular, and
subcutaneous injection, by transmucosal or transdermal
delivery, through topical applications, nasal spray,
suppository and the like or may be administered
orally. Formulations may optionally be liposomal
formulations, emulsions, formulations designed to
administer the drug across mucosal membranes or
transdermal formulations. Suitable formulations for
each of these methods of administration may be found,
for example, in Remington: The Science and Practice of
Pharmacy, 20th ed., A. Gennaro, ed.,Iippincott
Williams & Wilkins, Philadelphia, Pennsylvania, U.S.A.
Typical formulations will be either oral or solutions
for intravenous infusion. Typical dosage forms will be
tablets or capsules for oral administration, solutions
for intravenous infusion, and lyophized powders for
teconstitution as solutions for intravenous infusion.
[0067] Depending on the intended mode of
administration, the pharmaceutical compositions may be
in the form of solid, semi-solid or liquid dosage
forms, preferably in unit dosage form suitable for
single administration of a precise dosage. In addition
to an effective amount of the active ingredient(s),
the compositions may contain suitable
pharmaceutically-acceptable excipients, including
adjuvants which facilitate processing of the active
compounds into preparations which can be used
pharmaceutically. "Pharmaceutically acceptable
excipient" 



refers to an excipient or mixture of excipients which
does not interfere with the effectiveness of the
biological activity of the active ingredient(s) and
which is not toxic to the host to which it is
administered. [0068] For solid compositions,
conventional excipients include, for example,
pharmaceutical grades of rnannitol, lactose, starch,
magnesium stearate, sodium saccharin, talc, cellulose,
glucose, sucrose, magnesium carbonate, and the like.
Liquid pharmacologically administrable compositions
can, for example, be prepared by dissolving,
dispersing, etc., an active compound as described
herein and optional pharmaceutical adjuvants in an
excipient, such as, for example, water, saline,
aqueous dextrose, glycerol, ethanoL and the like, to
thereby form a solution or suspension. I f desired,
the pharmaceutical composition to be administered may
also contain minor amounts of nontoxic auxiliary
excipients such as wetting or emulsifying agents, pH
buffering agents and the like, for example, sodium
acetate, sorbitan monolaurate, triethanolamine sodium
acetate, taethanolamine oleate, etc. [0069] For oral
administration, the composition will generally take
the form of a tablet or capsule, or it may be an
aqueous or nonaqueous solution, suspension or syrup.
Tablets and capsules are preferred oral administration
forms. Tablets and capsules for oral use will
generally include one or more commonly used excipients
such as lactose and corn starch. Lubricating agents,
such as magnesium stearate, are also typically added.
When liquid suspensions are used, the active agent may
be combined with emulsifying and suspending
excipients. If desired, flavoring, coloring and/ or
sweetening agents may be added as well. Other optional
excipients for incorporation into an oral formulation
include preservatives, suspending agents, thickening
agents, and the like.[0070] Injectable formulations
can be prepared in conventional forms, either as
liquid solutions or suspensions, solid forms suitable
for solubilization or suspension in liquid prior to
injection, or as emulsions or liposomal formulations.
The sterile injectable formulation may also be a
sterile injectable solution or a suspension in a
nontoxic parenterally acceptable diluent or solvent.
Among the acceptable vehicles and solvents that may be
employed are water, Ringer's solution and isotonic
sodium chloride solution. In addition, sterile, fixed
oils, fatty esters or polyols are conventionally
employed as solvents or suspending media. [0071] The
pharmaceutical compositions of this invention may also
be formulated as lyophilized powders for parenteral
administration. Powders may be reconstituted by
addition of water or other aqueous medium and then
further diluted with a suitable diluent prior to use.
The liquid formulation is generally a buffered,
isotonic, aqueous solution. Examples of suitable
diluents are isotonic saline solution, 5% dextrose in
water, and buffered sodium or ammonium acetate
solution. Pharmaceutically acceptable solid or liquid
excipients may be added to enhance or stabilize the
composition, or to facilitate preparation of the
composition. [0072] Typically, a pharmaceutical
composition of the present invention is packaged in a
container with a label, or instructions, or both,
indicating use of the pharmaceutical composition in
the treatment of cancer. [0073] The pharmaceutical
composition may additionally contain one or more other
pharmacologically active agents in addition to a
compound of this invention. These additional active
agents will typically be useful in treating cancer, or
for enhancing the treatment of cancer by compounds of
this invention. [0074] Uses of the compounds [0075]
The compounds of the first and fourth aspect of this
invention have activity against human cancer cell
lines, as demonstrated in the in vitro and in vivo
Examples below, and are therefore considered to be
useful as human cancer chemotherapeutic agents, for
the treatment of human cancers. [0076] Thus, the third
and sixth aspects of this invention include methods of
treating cancer in humans by administering a
therapeutically effective amount of a compound of the
fitst or fourth aspect of this invention, or a
pharmaceutical composition of the second or fifth
aspect of this invention, to the human; and the use of
compounds of the first and fourth aspects of this
invention in the manufacture of medicaments for the
treatment of cancer in humans.Optionally, the method
may further comprise treating the human with another
anticancer therapy, such as a therapy already
conventional for the cancer being treated. [0077]
Cancers that are particularly treatable by the method
of this invention are cancers with sensitivity to
inducers of apoptosis, and more specifically those
cancers that express or, particularly, ovetexpress one
or more glutathione S-transferase isoenzymes. Cancers
that express or overexpress one or more glutathione
S-transferase isoenzymes when treated with other
anticancer compounds or combination cancer
chemotherapy regimens are especially treatable by the
method of this invention. Such cancers include cancers
of the brain, breast, bladder, cervix, colon and
rectum, esophagus, head and neck, kidney, lung, liver,
ovary, pancreas, prostate, and stomach; leukemias such
as ALL, AML, AMML, CLL, CML, CMML, and hairy cell
leukemia; Hodgkin's and non-Hodgkin's lymphomas;
mesotheliomas, multiple myeloma; and sarcomas of bone
and soft tissue. Cancers particularly treatable by the
method of this invention include breast, ovarian,
colorectal, and non-small cell lung cancers. [0078]
The amount of the compound of the first or fourth
aspect of this invention that is administered to the
human (either alone or, more usually, in a composition
of the second or fifth aspect of this invention)
should be a therapeutically effective amount when used
alone or when used in conjunction with the another
anticancer therapy (if the compound of the first or
fourth aspect of this invention is administered in
conjunction with another anticancer therapy); and
similarly the amount of the another anticancer therapy
that is administered to the mammal (if the compound of
the first or fourth aspect of this invention is
administered in conjunction with another anticancer
therapy) should be a therapeutically effective amount
when used in conjunction with the compound of the
first or fourth aspect of this invention. However, the
therapeutically effective amount of either the
compound of the first or fourth aspect of this
invention and the amount of the another anticancer
therapy when administered in combination cancer
chemotherapy may each be less than the amount which
would be therapeutically effective if delivered to the
human alone. It is common in cancer therapy, v though,
to use the maximum tolerated dose of the or each
therapy, with a reduction only because of common
toxicity of the therapies used or potentiation of the
toxicity of one therapy by another. Because of the
lack of cross-resistance of canfosfamide, for example,
with several common chemotherapeutic agents, and its
relative lack of clinically severe toxicity,
especially its lack of clinically severe hematological
toxicity, it is expected that compounds of the first
and fourth aspect of this invention will be
administrable at essentially their maximumtolerated
dose as a single agent, and no reduction in the amount
of the another anticancer therapy will be required.
[0079] The compounds of the first and fourth aspects
of this invention, or pharmaceutical compositions of
the second and fifth aspects of this invention, are
thus used to treat cancer in humans requiring such
treatment, by administering a therapeutically
effective amount of the chosen compound or
composition. Therapeutically effective amounts of
compounds of the invention are in the range of 10 -
10,000 mg/m 2, for example, 30 - 3000 mg/m 2 or 100 -
1000 mg/m 2. Dosing may be at 1 - 35 day intervals;
for example, about 500 - 1000 mg/m 2 at 1 - 5 week
intervals, especially at 1, 2, 3, or 4 week intervals,
or at higher frequencies including as frequently as
once/day for several (e.g. 5 or 7) days, with the
dosing repeated every 2, 3, or 4 weeks, or constant
infusion for a period of 6-72 hours, also with the
dosing repeated every 2, 3, or 4 weeks. Suitable
dosages and dose frequencies will be readily
determinable by a person of ordinary skill in the art
having regard to that skill and this disclosure. No
unacceptable toxicological effects are expected when
compounds of the invention are administered in
accordance with the present invention. [0080] Suitable
dosing for the other anticancer therapy (if the
compound of the first or fourth aspect of this
invention is used in combination) will be the dosing
already established for that therapy, as described in
such documents as those listed in paragraph [0040].
Such dosing varies widely with the therapy: for
example, capecitabine (2500 mg/m 2 orally) is dosed
twice daily for 2 weeks on and 1 week off, imatinib
mesylate (400 or 600 mg/day orally) is dosed daily,
tituximab is dosed weekly, paclitaxel (135 - 175 mg/m
2) and docetaxel (60 - 100 mg/m 2) are dosed weekly to
every three weeks, carboplatin (4 - 6 mg/mL min) is
dosed once every 3 or 4 weeks (though the doses may be
split and administered over several days), nitrosourea
alkylating agents such as carmustine are dosed as
infrequen y as once every 6 weeks. Radiotherapy may be
administered as frequently as weekly (or even within
that split into smaller dosages administered daily).
[0081] A person of ordinary skill in the art of cancer
therapy will be able to ascertain a therapeutically
effective amount of the compound of the first or
second aspect of this invention and a therapeutically
effective amount of another anticancer therapy for a
given cancer and stage of disease without undue
experimentation and i reliance upon personal knowledge
and the disclosure of this application.[0082]
Combination therapies include the combination
administration of a compound of the first aspect of
this invention with a platinum compound such as
carboplatin or cisplatin, optionally in further
combination with gemcitabine or a taxane such as
docetaxel or paclitaxel; with gemcitabine; with a
taxane; with an anthracycline such as doxorubicin or
liposomal doxorubicin; with oxaliplatin, optionally in
further combination with capecitabine or
fiuoroutacil/leucovorin; and with gemcitabine or a
platinum compound such as carboplatin or cisplatin, in
further combination with a vinca alkaloid such as
vinorelbine. [0083] Examples [0084] The following
examples illustrate the preparation of compounds of
this invention, and their activity in predictive in
vitro and in vivo anticancer assays. [0085] Synthetic
Examples. [0086] The compounds of this invention are
prepared by conventional methods of organic chemistry.
See, for example, Larock, "Comprehensive Organic
Transformations", Wiley-VCH, New York, New York,
U.S.A. In some cases, protective groups may be
introduced and later removed. Suitable protective
groups for amino, hydroxyl, and carboxyl groups are
described in Greene et al. "Protective Groups in
Organic Synthesis", 2nd ed., 1991, John Wiley and
Sons, New York, New York, U.S.A. The compounds of this
invention can be synthesized, generally following the
synthetic schemes illustrated earlier in this
application, as shown in the following examples or by
modifying the exemplified syntheses by means known to
those of ordinary skill in the art. [0087] The
synthetic examples below show compounds where R in
formulae A, B, C, BB, and CC are all 2-chloroethyl. It
will be apparent that compounds where R is other than
2-chloroethyl may be produced by parallel methods: for
example: (a) compounds where R is 2-bromoethyl may be
made by reacting bis(2-bromoethyl)amine, POCl 3, and
ethylene glycol to produce 2-hydroxyethyl tetrakis
(2-bromoethyl) - phosphorodiamidate, este fying to an
appropriate sulfonate ester, and using that to
alkylate the thiols of formula A1 and B1 or
2,2'-thiodiethanol to form the compounds of formulae
AA, BB, and CC; 



(b) compounds where R is 2-(Z-sulfonyloxy)ethyl may be
made by using bis(2-hydroxyethylamine) instead of
bis(2-bromoethylamine) in the process of (a) above,
then forming the sulfonate esters; and(c) compounds
where the R groups are not identical (e.g. where one R
on each amine is 2-chlof oethyl and the other is
hydtogen) may be made by using the appropriate amine
(e.g. 2-chloroethylapie) in the process of (a) above.
A person of ordinary skill in the art will have no
difficulty, having regard to that skill and this
disclosure, in preparing compounds where R is other
than 2-chloroethyl. [0088] It will also be apparent
that when the R1 group of formula A or the R2 group of
formula B contain reactive (e.g. amino, carboxy)
groups, that these groups may be elaborated to produce
other compounds. This elaboration of the R1 and R2
groups may take place at the thiol stage (elaboration
of the R1 group of formula A1 or of the R2 group of
formula B1), or at the thioethyl phosphorodiamidate
stage (elaboration of the R1 group of formula AA or of
the R2 group of formula BB), or at the sulfonylethyl
phosphorodiamidate stage (elaboration of the R1 group
of formula A or of the R2 group of formula B). All
such elaborations may be performed by synthetic
methods known per se. A person of ordinary skill in
the art will have no difficulty, having regard to that
skill and this disclosure, in elaborating R1 and R2
groups from those readily available to prepare the
full range of the compounds of this invention. [0089]
For example, considering elaborated analogs of
compound 13A (the preparation of which is illustrated
in Synthetic Example 1 below): 2-mercaptoacetic acid
may be alkylated with a phosphorodiamidate such as
2-(4-bromobenzenesulfonyloxy)ethyl
tetrakis(2-chloroethyl)phosphorodiamidate to give
compounds such as
2-[[2-[p3is[bis(2-cMoroemyl)ammo]phosphinyl]oxy]ethyl]
thio]acetic acid. This may be oxidized to
2-[[2-[|bis[bis(2-cMoroemyl)amino]phosphinyl]oxy]ethyl
]sulfonyl]acetic acid, compound 14A. The acid may,
either before or after oxidation, be reacted with an
amine in the presence of a base and coupling reagent,
to form an amide. Compound 13A could be made this way,
though it may be directly prepared as described below,
and compounds 18A to 24A are examples of compounds
that may be made this way. Similar compounds having
longer carbon chains between the carboxy group and the
sulfonyl group, e.g. compound 29A and derivatives such
as compounds 53A to 59A, may be prepared by starting
with 3-mercaptopropionic acid and similar thio-acids.
Esters may similarly be prepared by esterification.
Conversely, starting with a mercaptoalkylamine
(temporarily protected at the amine), alkylating the
sulfur atom, oxidizing, and deprotecting, allows the
preparation of reverse amides. Also, starting with
2-mercaptoethanol and alkylating and oxidizing allows
the preparation of compound 16A, and the hydroxy gtoup
can be esterified to give reverse esters. Similar
elaborations can be madefrom compounds such as 139A
(allowing the preparation of compounds such as
compounds 154A to 178A) and 141A (allowing the
preparation of compounds such as compounds 142A to
152A). [0090] For example, considering elaborated
analogs of compound 7OA (the preparation of which is
illustrated in Synthetic Example 2 below) : (a) 3-[[2-
[[bis [bis(2-chloroethyl)amino]phosphinyl]
oxy]ethyl]thio] -.N-feff-butoxycarbonyl- L-alanine may
be converted to the corresponding alaninamide by
reaction with an amine (typically in excess) in an
aprotic solvent (e.g. dichloromethane +
dimethylformamide) in the presence of a coupling
reagent (e.g. HBTU). That alaninamide may then be
oxidized to a compound of formula A by any of the
oxidation methods described, and then may be
deprotected at the amine as described in Synthetic
Example 2. Compounds 87A to 89A are examples of
compounds that may be made this way. Alternatively,
the alaniaamide may be deprotected at the amine and
reacted with, for example, an alkane- or arenesulfonyl
chloride (typically in excess) in an aprotic solvent
in the presence of an organic base to form the
corresponding sulfonamide at the alanine nitrogen,
then oxidized to form a compound of formula A.
Alternatively, the alanine may first be oxidized, then
deprotected, and then elaborated at the sulfone stage.
Compounds 95A to 97A are examples of compounds that
may be made this way; and/ or (b) an ester of
3-[[2-[p5is[bis(2-chloroethyl)amino]phosphinyl]oxy]eth
yl]thio]- iV-/??/-butoxycarbonyl-L-alanine (for
example, prepared by starting the synthesis with the
corresponding L-cysteine ester) may be converted to
the sulfonamide at the alanine nitrogen, and then
oxidized to form a compound of formula A. Compounds
79A to 81A are examples of compounds that may be made
this way. The esters may be hydrolyzed to give the
corresponding acids. Compounds 103A to 105A are
examples of compounds that may be made this way.
Alternatively, the alanine ester may be oxidized, then
deprotected, and then elaborated at the sulfone stage.
[0091] Compounds of Formula A. [0092] Synthetic
Example 1: Preparation of
N-methyl-2-[[2-[[bis[bis(2-chloroethyl)-
arnino]phosphinyl]oxy]ethyl]sulfonyl]acetamide,
compound 13A. [0093] N -methyl-2-[[2-[(bisIbis(2-c
oroethyl)amino]phosphi yl]oxy]e yl]tHo]acetamide. To a
solution of crushed sodium hydroxide pellets, 2.28 g
(57 mmol), in 20 mL anhydrousmethanol cooled in an ice
bath was added N-methyl-2-mercaptoacetamide, 3 g (28.5
mmol), slowly, followed by the addition of 20 mL
anhydrous toluene and 2-(4-bromobenzenesulfonyloxy)
ethyl tettakis(2-chloioethyl)phosphorodiamidate, 34.4
mL of 0.83 M solution in toluene (28.5 mmol), while
maintaining the temperature at 5C or less. After
stirring for about 30 min, the reaction mixture became
a white slurry. It was stirred at 50C to room
temperature overnight. LC-MS analysis indicated all
the starting material, IV-methyl- 2-mercaptoacetamide,
was consumed and the desired product was formed as a
major product. The mixture was filtered and the
filtrate was concentrated. The residue was partitioned
between diisopropyl acetate and brine. The aqueous
phase was further extracted with diisopropyl acetate
three times, and the combined organic phases were
dried (MgSO4) and evaporated to give the crude
product, which was purified by column chromatography
on a silica column using hexane/acetate and
acetate/methanol as eluting solvents to afford
N-memyl-2-[[2-[|bis[bis(2-cmoroemyl)amino]phosphmyl]ox
y]etiiyl]tMo]acetamide as a light yellow oil, 12 g
(88% yield). 1H NMR (DMSO): d 7.90 (bs, IH) 4.05 (m,
2H), 3.71 (m, 8H)3 3.33 (m, 8H), 3.12 (s, 2H), 2.87
(m, 2H), 2.59 (d, 3HJ = 4.7 Hz), 2.76 (m, IH). Mass
spectrum (LC-MS): / 496 [C13H26Cl4N3O3PS + H]+. [0094]
N-me
yl-2-[[2-[[bis[bis(2-cHoioeiiiyl)amino]phosphinyl]oxy]
ethyl]sulfonyl]acetamide.
IV-methyl-2-[[2-[[bis[bis(2-chloroethyl)amino]phosphin
yI] 0x7] ethyl]thio] acetamide, 7.4 g (15.6 mmol), was
dissolved in 5 mL dichloromethane in a 50-mL
round-bottom flask, and the solution was cooled in ice
bath. Peracetic acid, 7.4 g of 32 wt.% (31 .2 mmol)
was added slowly and the reaction mixture was stirred
at 0C to room temperature overnight. LC-MS analysis
indicated the reaction was complete with no starting
material remaining. The solvent was evaporated and the
oily residue was partitioned between isopropyl acetate
and aqueous sodium bicarbonate. The organic phase was
further washed with aqueous sodium bicarbonate and
brine, dried (MgSO4) and evaporated to give the
product as an oil. Treatment with ethyl ether caused
the precipitation of a white solid, which was
collected by filtration, washed with a small amount of
ethyl ether and dried under high vacuum to give the
final product, iV-methyl-
2-[[2-[lbis|bis(2-cmoroethyl)amino]phosphinyl]oxy]e
yl]sulfonyl]acetamide, compound 13A, 5.37 g (68%). The
filtrate was saved for later purification. HPLC
coupled with ELSD (Evaporative light Scattering
Detection) analysis of the product showed a purity of
99%. 1H NMR (CDCl3) : d 6.59 (bs, IH), 4.53 (m, 2H),
3.95 (s, 2H), 3.65 (m, 10H), 3.47 (m, 8H),2.88 (d, 3H,
J = 4.7 Hz). 31P NMR (CDCl 3) : d 17.7 (s, IP). Mass
spectrum (LC-MS): / 508 [C13H26Cl4N3O5P S + H]+.
[0095] Synthetic Example 2: Preparation of
3-[[2-[[bis|bis(2-cUoroethyl)amino]phosphinyl]-
oxy]ethyl]sulfonyl]-L-alanine, compound 7OA, as its
hydrochloride salt. [0096] 3-[[2-[[Bis
[bis(2-chloroethyl)amino]phosphinyl] oxy]ethyl]thio]
-N- ?;?-butoxycarbonyl- L-aknine. Crushed sodium
hydroxide pellets, 1.2 g (29.8 mmol), and 30 mL
methanol were added to a 100-mL round-bottom flask,
and the mixture stirred until the sodium hydroxide had
dissolved. The solution was then cooled to 5C, and
JV-Z^f-butoxycarbonyl-L-cysteine, 3 g (13.6 mmol), and
2-(4-bromobenzenesulfonyloxy)ethyl
tetrakis(2-chloroethyl)- phosphorodiamidate, 8.25 mL
of 1M solution in toluene (8.25 mmol), were added
while maintaining the temperature at 5C or less. The
reaction mixture was stirred under nitrogen for 2
hours at room temperature, and after about 40 minutes,
the solution became a white slurry. HPLC analysis of
the reaction mixture showed 96.7%
3-[[2-[[bis[bis(2-chloroethyl)-
ainino]phospriinyl]oxy]e
yl]diio]-IV-fc^-butoxycarbonyl-L-alanine, 3.3%
di-JV-Zw^-butoxycarbonyl-L-cystine, and no remaining
2-(4-bromobenzenesulfonyloxy)ethyl
tetrakis(2-chloroethyl)phosphorodiamidate. The pH of
the mixture was adjusted to 6-7 with 1 M phosphoric
acid, and the mixture was concentrated under high
vacuum to a white residue, 9.22 g. The residue was
dissolved in 30 mL water and washed with 30 mL and 15
mL isopropyl acetate. The aqueous layer was diluted
with 38 mL isopropyl acetate and the pH of the mixture
adjusted to 5.15-5.20 with 1 M phosphoric acid. The
layers were separated and the isopropyl acetate layer
retained. The aqueous layer was extracted twice more
with isopiopyl acetate, and the isopropyl acetate
extracts combined, washed with water (2 X 3.5 mL, 2 X
10.5 mL), and concentrated under high vacuum to give
3-[[2-[[bis[bis(2-chloroethyl)-
amino]phosphinyl]oxy]ethyl]iHo]-iV-/^-butoxycarbonyl-L
-alanine as a clear viscous oil, 5.60 g (70% yield).
HPLC analysis of the product showed a purity of 97.3%.
1H NMR: d 7.05-7.18 (m, IH), 4.04 (m, 3H), 3.70 (m,
8H), 3.33 (m, 8H), 2.92 (m, IH), 2.81 (m, IH), 2.76
(m, IH). 13C NMR: d 172.3, 172.0, 155.3, 78.2, 66.9,
63.7, 56.1, 53.7, 48.4, 48.4, 42.3, 32.8, 31.9, 31.8,
28.1, 25.4, 21.5. 31P NMR: d 17.1 (s, IP). Mass
spectrum: ml 592 [C18H34Cl4N3O6PS - H] , 777, 439.
[0097]
3-[[2-[pBis|bis(2-cMoroemyl)amino]phosphinyl]oxy]ethyl
]sulfonyl]- iV-f?-butoxycarbonyl-L-alanine. 3-[[2-
[[bis [bis (2-chloroethyl)amino]phosphinyl] oxy]
ethyl]- thio]-iV-/^-butoxycarbonyl-L-alanine, 2.5 g
(4.21 mmol), was dissolved in 15 mL isopropylacetate
in a 50-mL round-bottom flask, and the solution was
cooled to 5C. Peracetic acid, 2.22 mL of 32 wt.% (2.5
g, 10.5 mmol), was added, and the reaction mixture was
stirred for 7.5 hours at 0-5C. After 5 hours, HPLC
analysis of the reaction mixture showed no starting
material. The reaction mixture was washed with water
(2 X 6.5 mL), aqueous sodium hydrosulfite (6.5 mL of 1
M), and again with water (2 X 6.5 mL). The isopropyl
acetate layer tested negative for peroxides with
starch/iodine paper, and was concentrated under high
vacuum overnight to give
3-[[2-[[bis[bis(2-cMoroethyl)amino]phosphinyl]oxy]ethy
l]sulfonyl]- JV-f?-butoxycarbonyl-L-alanine as a
white, sticky foam, 1.94 g (74% yield). HPLC analysis
of the product showed a purity of 96.7%. 1H NMR: d
7.29-7.38 (m, IH), 4.43 (m, IH), 4.29 (m, 2H), 3.71
(m, 8H), 3.57 (m, 4H), 3.34 (m, 8H), 1.39 (s, 9H). 13C
NMR: d 171.9, 171.2, 155.1, 78.6, 66.9, 58.0, 54.2,
53.6, 53.5, 48.3, 48.3, 42.3, 28.1, 21.6, 21.0, 21.0.
31P NMR: d 17.4 (s, IP). Mass spectrum: m/ 62
[C18H34Cl4N3O8PS - H] . [0098] 3-[[2- [[Bis [bis
(2-chloroethyl) aminojphosphinyl]
oxy]ethyl]sulfonyl]-L-alanine. 3-[[2-[[Bis[bis
(2-cUoroethyl)amino]phosphtnyl] oxy]ethyl]
sulfonyl]-IV-iW-butoxycarbonyl- L-alanine, 1.82 g
(2.91 mmol), was dissolved in 18 mL ethyl acetate, and
to this solution was added hydrogen chloride, 1.75 mL
of 2 M solution in diethyl ether (3.5 mmol); and the 



resulting mixture stirred under nitrogen overnight at
room temperature. HPLC analysis of the reaction
mixture showed that the reaction was incomplete (20.8%
product), so an additional 0.9 equivalents of hydrogen
chloride solution was added and the reaction mixture
stirred for an additional 4 days, resulting in the
formation of a slurry. HPLC analysis of the reaction
mixture showed 99.7% product and 0.3% starting
material. The slurry was filtered under nitrogen,
washed with ethyl acetate, and dried under nitrogen
for 3 hours to give
3-[[2-[[bis[bis(2-cUoroeihyl)amino]phosphinyl]
oxy]ethyl]sulfonyl]-L-alanine, compound 70A, as the
hydrochloride salt, off-white solid, 0.90 g (55%
yield). HPLC analysis of the product showed a purity
of 99.7%. 1H NMR: d 8.50-9.10 (bs, 3H), 4.43 (m, IH),
4.32 (m, 2H), 3.93-3.97 (m, IH), 3.70-3.80 (m, HH),
3.34 (m, 8H). 13C NMR: d 168.2, 58.0, 57.9, 53.8,
53.7, 53.0, 48.3, 48.3, 47.1, 42.3. 31P NMR: d 17.5
(s, IP). Mass spectrum: 526 [C13H26Cl4N3O6PS + H]+.
[0099] Synthetic Example 3: Preparation of
a-[[2-[[bis[bis(2-chloroethyl)amino]phosphinyl]-
oxy]ethyl]sulfonyl]toluene, compound 128A. [0100]
a-[[2-[pisp3is(2-cUoroethyl)arnino]phosphinyl]oxy]ethy
l]thio]toluene. Sodium hydroxide, 6.4 g (161 mmol),
was dissolved in 100 mL methanol under nitrogen at
roomtemperature, and a-toluenethiol, 9.52 mL (10 g,
80.5 rnmol), was added. After the resulting mixture
was stirred for 5 minutes,
2-(4-bromobenzenesulfonyloxy)ethyl
tettaMs(2-cHoroemyl)phosphorodiamidate, 80.5 mL of 1M
solution in toluene (80.5 mmol), was added with
stirring. A precipitate formed within 1 minute of the
addition, and stirring was continued. Analysis of the
reaction after 2 hours showed that the reaction was
nearly complete, and stirring was continued overnight
at room temperature. Analysis then showed that the
reaction was complete, and stirring was stopped and
the reaction mixture allowed to stand and then
filtered to remove the precipitated sodium
4-bromobenzenesulfonate. The methanol was removed from
the filtrate by evaporation and the residue was
dissolved in 250 mL isopropyl acetate. The isopropyl
acetate solution was washed with aqueous sodium
hydroxide (100 mL of 1 M), water (100 mL), and brine
(100 mL), and was then dried over anhydrous sodium
sulfate and filtered. The isopropyl acetate was
removed by vacuum evaporation to give an oil, which
was dried under vacuum at 40C overnight, giving 40.4 g
of
a-[[2-[|bis[bis(2-cUoroetliyl)arnino]phosphinyl]oxy]et
hyl]thio]toluene as an orange oil containing residual
toluene. HPLC analysis of the product showed a purity
of 96.8%. 1H NMR: d 7.16-7.33 (m, 5H) 4.04-4.06 (m,
2H), 3.74 (s, 2H), 3.60-3.65 (m, 8H), 3.36-3.43 (m,
8H), 2.69 (t, 2H). [0101] a-[[2-[[Bis
[bis(2-cnloroethyl)amino]phosphinyl]
oxy]ethyl]sulfonyl]toluene.
a-[[2-[pBis[bis(2-cMoroethyl)amino]phosphinyl]oxy]ethy
l]thio]toluene, 9.2 g (18.7 mmol), was dissolved in 20
mL concentrated acetic acid in a 100-mL round-bottom
flask, and the solution cooled to 5C. Peracetic acid,
7.9 mL of 32 wt.% (8.9 g, 37.5 mmol), was added
dropwise over 20 minutes. The reaction mixture was
allowed to warm to room temperature and stirred for 16
hours, and was then concentrated under reduced
pressure on a rotary evaporator to give a yellow oil.
The oil was dissolved in 100 mL dichloromethane, and
300 mL hexanes was added, giving a milky white
solution, which was allowed to stand for 18 hours. The
solution was vacuum filtered and the white solid
residue was washed with hexanes (3 X 50 mL), then
dried under high vacuum for 18 hours to give
a-[[2-[|bis[bis(2-cliloroethyl)amino]phosphinyl]oxy]-
ethyl] sulfonyl]toluene, as a white solid, 8.2 g (15.5
mmol, 83% yield). HPLC analysis of the product showed
a purity of 96.4%. 1H NMR: d 7.40-7.42 (m, 5H), 4.54
(s, 2H), 4.24-4.29 (q, 2H), 3.67-3.73 (m, 8H), 3.51
(t, 2H), 3.29-3.34 (m, 8H). 13C NMR: d 131.9, 129.2,
128.8, 59.6, 58.9, 49.0, 43.0, 40.8, 39.6. 31P NMR: d
17.3 (s, IP). Mass spectrum: / 52 [C17H27Cl4N2O4PS +
H]+.[0102] Synthetic Example 4. Preparation of
N-{2-[[2-[[bis[bis(2-chlotoethyl)amino]-
phosphinyl]oxy]e yl]sulonyl]acetyl}-L-pheaylalanine,
compound 15A. [0103]
2-[[2-[|tis|bis(2-cUoroemyl)amino]phosphinyl]oxy]ethyl
]thio]acetic acid. Methyl 2-mercaptoacetate, 2.6 mL
(28.5 mmol), was dissolved in 10 mL dry methanol, and
sodium hydroxide, 2.24 mL of 25 M solution (56 mmol),
and 10 mL methanol were added, followed by
2-(4-bromobenzenesulfonyloxy)ethyl
tetrakis(2-chloroethyl)phosphorodiamidate, 26 mL of 1M
solution in toluene (26 mmol) with stirring, and a
further 20 mL methanol. A white precipitate formed
immediately, and a further 30 mL methanol was added to
enable easy stirring overnight. The solid was
filtered, and an additional 2 mL of the sodium
hydroxide solution added to the filtrate and stirred
for 2 hours. The basic solution was washed with ethyl
acetate, then hydrochloric acid added until the
solution became cloudy. This solution was extracted
three times with ethyl acetate, and the combined ethyl
acetate extracts backwashed with water, dilute
hydrochloric acid, water, and brine, and then dried
over Na2SO4 and concentrated, to give 7.31 g of
2-[[2-[|bis|bis(2-cUoroethyl)amino]phosphinyl]oxy]ethy
l]- thio]acetic acid as an oil that solidified on
standing. The identity was verified by 1H NMR. [0104]
N-{2-[[2-[jbislbis(2-cUoroethyl)amino]phospbinyl]oxy]e
myl]thio]acetyl}- L-phenylalanine. L-Phenyklanine
tert-hutyl ester hydrochloride, 1.2 mg (4.5 mmol), was
partitioned between ethyl acetate and aqueous sodium
bicarbonate, washed with water and brine, then dried.
This was added to
2-[[2-[|bis[bis(2-cUoroetJiyl)amino]phosphinyl]oxy]eth
yl]- thiojacetic acid, 1.76 g (3.8 mmol), followed by
1.4 mL diisopropylethylamine (8.0 mmol) and HBTU, 1.46
g (3.85 mmol). The mixture was stirred for several
hours at room temperature. The mixture was filtered,
washed with 1M sodium hydroxide, potassium bisulfate,
and brine; then treated wit 25% trifluoroacetic acid
in dichloromethane to hydrolyze the Urt-butyl ester.
The mixture was then concentrated to give
N-{2-[[2-[|bis[bis(2-chloroethyl)amino]phosphinyl]
oxy]ethyl]thio]ace1yl}-L-phenylaknine. [0105]
N-{2-[[2-[[bis[bis(2-chloroethyl)amino]phosphJnyl]oxy]
ethyl]sulfonyl]acet7l}- L-phenylalanine. The
iV-{2-[[2-[[bis[bis(2-cUoroemyl)amino]phosphinyl]oxy]e
thyl]thio]acetyl}- L-phenylalanine prepared above was
dissolved in 20 mL ethyl acetate and oxidized using 3
mL 32% peracetic acid using the procedure of Synthetic
Example 1. After washing the ethyl acetate solution
with sodium hydrosulfite, water, and brine, it was
dried, concentrated, chromatographed, and the
fractions combined, stirred with ethanol, and
lyophilked to giveN {2- [\2- [[bis[bis(2-chloroethyl)
amino]phosphi
ayl]oxy]ethyl]sulfonyl]acetyl}-L-phenylalanine, 1.5 g
(62% yield), as a white solid. Purity was verified.
[0106] Synthetic Example 5. Preparation of
a-[[2-[p3is[bis(2-cWoroetliyl)arnino]phosphiiiyl]-
oxy]ethyl]sulfonyl]-4-[(eliioxycarbonylmethyl)ariiLnoc
arbonyl]toluene, compound 172A. [0107] a-[[2-[[Bis
[bis (2-chloroethyl)amino]phosphinyl] oxy]ethyl]thio]
-4-carboxytoluene. 4-(Thiomethyl)benzoic acid was
prepared from methyl 4-(bromomethyl)benzoate using the
procedure of Org. Sjn. Coll. Vol. 3, page 363
(reaction with thiourea in ethanol, followed by
hydrolysis of the ester with aqueous sodium
hydroxide). 4-(Thiomethyl)benzoic acid, 2 g, was
alkylated with 2-(4-bromobenzenesulfonyloxy)ethyl
tetrakis(2-chloroethyl)- phosphorodiamidate, 15.8 mL
of 0.83 M, in 10 mL methanol and 6.25 mL of 4 M sodium
hydroxide in methanol. The resulting product after
filtration and concentration was a pale yellow oil,
which was dissolved in saturated aqueous sodium
bicarbonate and washed twice with 100 mL isopropyl
acetate. The aqueous extracts were combined, acidified
to pH ~ 1 with sulfuric acid, and back extracted twice
with into 100 mL isopropyl acetate. The isopropyl
acetate layers were combined, dried over MgSO4,
filtered, and concentrated under vacuum to give
a-[[2-[(bis|bis(2-cHoroe
yl)amino]phosphinyl]oxy]emyl]thio]-4-carboxytoluene as
a pale yellow oil, 5.4 g, with product identity
verified by LC-MS. [0108]
a-[[2-[[bis[bis(2-cUoroediyl)amino]phosphinyI]oxy]ethy
l]thio]-
4-[(ethoxycarbonylmethyl)aminocarbonyl]toluene. To
a-[[2-[[Bis[bis(2-chloroethyl)amino]- phosphinyl]
oxy]ethyl]thio]-4-carboxytoluene, 411 mg, in 10 mL
dichloromethane was added 400 mL diisopropylethylamine
and glycine ethyl ester, 212 mg. The solution was
cooled to 0C and HBTU, 317 mg, in 2 mL
dimethylformamide was added, after which the mixture
was allowed to warm to room temperature. The reaction
mixture was diluted with dichloromethane, then washed
3 times with 1M hydrochloric acid, 5 times with
saturated aqueous sodium bicarbonate, and once with
brine. The organic layer was dried over MgSO4,
filtered, and the solvents removed under vacuum to
give a-[[2-[[bis[bis(2-chloroethyl)amino]-
phosphinyl]oxy]ethyl]tHo]-4-[(ettoxycarbonylinethyl)am
inocarbonyl]toluene as a clear oil, 411 mg, with
product identity verified by LC-MS. [0109] a- [[2-
[[bis [bis(2-chloroethyl) aminojphosphinyl]
oxy]ethyl]sulfonyl]-
4-[(ethoxycarbonylmethyl)arninocarbonyl]toluene. The
a-[[2-[[bis[bis(2-chloroethyl)amino]-
phosphinyl]oxy]ethyl]tMo]-4-[(emoxycarbonyknethyl)amin
ocarbonyl]toluene, 411 mg, wasdissolved in 6 mL
isopropyl acetate and oxidized with 414 mL 32%
peracetic acid solution as described in previous
Synthetic Examples. After workup,
a-[[2-[[bis[bis(2-chloroethyl)amino]-
phosphinyl]oxy]ethyl]sulfonyl]-4-[(ethoxycarbonylmetiy
l)aininocai:bonyl]toluene was isolated as a clear oil,
449 mg. Product identify from a parallel run was
verified by LC-MS. [0110] Synthetic Example 6.
Preparation of N-(methanesulfonyl)-
3-[[2-[jbis[bis(2-chloroethyl)amino]phosphmyl]oxy]eiii
yl]sulfonyl]-L-danine metiiy compound 79A. [0111]
3-[[2-[[Bis[bis(2-cUoroethyl)amino]phosphinyl]oxy]emyl
]thio]-L-alanine methyl ester.
3-[[2-[|Bis[bis(2-cUoroethyl)atnino]phosphinyl]oxy]e
yl]t o]-I -butoxycarbonyl L-alanine, 5.0 g (8.4 mmol),
prepared as in Synthetic Example 2, was dissolved in
35 mL dichloromethane, and 5.3 mL (42 mmol)
chlorotrimethyl silane added with stirring at O0C,
followed by 80 mL methanol. With continued stirring,
the mixture was allowed to warm to room temperature,
then stirred overnight. The solvents were then removed
under vacuum to give a light yellow oil. This was
dissolved in ethyl acetate and precipitated with
diethyl ether. Filtration and concentration of the
filtrate gave two fractions of
3-[[2-[[bis[bis(2-chloroethyl)-
amino]phosphinyl]oxy]ethyl]thio]-L-alanine methyl
ester, totaling 4.87 g. Purity (96%) and identity were
verified by ELSD and LC-MS ( / 508 (M+2+H) ) . [0112]
N-(Me
anesulfonyl)-3-[[2-[[bis[bis(2-cUoroethyl)amino]phosph
inyl]oxy]emyl]thio]- L-alanine methyl ester.
3-[[2-[[Bis[bis(2-cHoroeiiiyl)amino]phosphinyl]oxy]eth
yjthio]-L-alanine methyl ester, 400 mg (0.8 mmol), was
dissolved in 4 mL anhydrous tetrahydrofuran, and 550
mL (3.2 mmol) diisopropylethylamine added, followed by
methanesulfonyl chloride, 181 mg (1.6 mmol). The
reaction mixture was purged with argon and stirred
overnight. After adding a further 275 mL (1.6 mmol)
diisopropylethylamine, then
tris(2-aminoethyl)aminepolystyrene resin, 480 mg (1.6
mmol), the mixture was agitated for 6 hours, then
filtered and the filtrate evaporated to dryness under
vacuum, giving N-(methanesulfonyl)-
3-[[2-[|bis|bis(2-cUoroethyl)arriino]phosphinyl]oxy]et
hyl]tHo]-L-alanine methyl ester, 397 mg. Purity was
verified with ELSD and identity verified with 1H and
31P NMR. [0113]
N-(Memanesulfonyl)-3-[[2-[|bis[bis(2-cMoroe
yl)amino]phospbJnyl]oxy]ethyl]- sulfonyl]-L-alanine
methyl ester. N-(Me
anesulfonyl)-3-[[2-[[bis(bis(2-cUoroethyl)amino]-
phosphinyljoxy] ethyl]thio]-L-alanine methyl ester,
369 mg (0.63 mmol), was dissolved in 5 mL ethyl
acetate and oxidized with 662 mL 32% peracetic acid
solution as described in previousSynthetic Examples.
After workup,
iV-(Methanesulfonyl)-3-[[2-[[bis|bis(2-cUoroetiiyl)atn
ino]- phosphinyl]oxy]e yl]sulfonyl]-L-alanine methyl
ester, compound 79A, was isolated as a clear oil, 358
mg (87%). Purity was verified with ELSD and identity
verified with LC-MS (m/ 618 (M+2+H) +). 



[0114] Other compounds of formula A as shown in the
tables below were prepared by similar methods. Note
that the largest peak in the mass spectrum for
compounds of formula A is at 2 greater than the peak
corresponding to the exact mass (the mass determined
based on the most common isotopes of the atoms making
up the molecule) because of the presence of 4 chlorine
atoms in the molecule: the intensities of the three
largest peaks are 3:4:2 at M, M+2, and M+4. [0115] The
following compounds of formula A were prepared:TITLE
OF INVENTION 1, 1 ,1
,2,2,4,5,5,5-NONAFLUORO^-(TRIFLUOROMETHYL)-SPENTANONE
REFRIGERANT AND HEAT TRANSFER COMPOSITIONS COMPRISING
A FLUOROETHER CROSS REFERENCEfS) TO RELATED
APPLICATIONS This application claims the priority
benefit of U.S. Provisional Application 60/575,037,
filed May 26, 2004, and U.S. Provisional Application
60/584,785, filed June 29, 2004, each of which is
incorporated herein by reference. BACKGROUND OF THE
INVENTION 1. Field of the Invention. The present
invention relates to compositions for use in heat
transfer refrigeration and air conditioning systems
comprising 1, 1 , 1 ,2,2,4,5,5,
5-nonafluoro-4-(trifluoromethyl)-3-pentanone and at
least one fluoroether including refrigeration and
air-conditioning systems employing a centrifugal
compressor. The compositions of the present invention
may be azeotropic or near azeotropic. 2. Description
of Related Art. The refrigeration industry has been
working for the past few decades to find replacement
refrigerants for the ozone depleting
chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs) being phased out as a
result of the Montreal Protocol. The solution for most
refrigerant producers has been the commercialization
of hydrofluorocarbon (HFC) refrigerants. The new HFC
refrigerants, HFC- 134a being the most widely used at
this time, have zero ozone depletion potential and
thus are not affected by the current regulatory phase
out as a result of the Montreal Protocol. Further,
environmental regulations may ultimately cause global
phase out of certain HFC refrigerants. Currently, the
automobile industry is facing regulations relating to
global warming potential for refrigerants used in
mobile air-conditioning. Therefore, there is a great
current need to identify new refrigerants with reduced
global warming potential for the automobile
air-conditioning market. Should the regulations be
more broadly applied in the future, an even greater
need will be felt forrefrigerants that can be used in
all areas of the refrigeration and airconditioning
industry. Currently proposed replacement refrigerants
for HFC-134a include HFC-152a, pure hydrocarbons such
as butane or propane, or "natural" refrigerants such
as CO2 or ammonia. Many of these suggested
replacements are toxic, flammable, and/or have low
energy efficiency. Therefore, new alternatives are
constantly being sought. The present invention
provides compositions, including refrigerant
compositions and heat transfer fluids, that provide
characteristics to meet the demands of low or zero
ozone depletion potential and lower global warming
potential. BRIEF SUMMARY OF THE INVENTION The present
invention relates to compositions, including
refrigerant or heat transfer fluid compositions
selected from the group consisting of: 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1- (difluoromethoxy)-i , 1 ,2-trifluoroethane;
1, 1 , 1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1- (difluoromethoxy)-i ,2,2-trifluoroethane; 1,1
,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 2- fluoromethoxy-1 , 1 , 1 ,2-tetrafluoroethane;
1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1- methoxy-1 ,1 ,2,2-tetrafluoroethane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 2- methoxy-1 , 1 , 1 ,2-tetrafluoroethane; 1,1
,1 S d.d-nonafluoro^-ftrifluoromethylJ-S-pentanone and
1- difluoromethoxy-2,2-difluoroethane; 1,1 ,1 ,2,2,4,
5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanone and
2- methoxy-1 , 1 ,2-trifluoroethane; 1,1 , 1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1-difluoro-2-methoxyethane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1, 1
,2,2-tetrafluoro-3-(trifluoromethoxy)propane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1- (2,2-difluoroethoxy)-1 ,1
,2,2,2-pentafluoroethane;1,1 ,1 ,2,2,4,
5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanone and
3- (difluoromethoxy)-i ,1 ,1 ,2,2-pentafluoropropane;
1,1 , 1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1, 1 ,1
,3,3,3-hexafluoro-2-(trifluoromethoxy)propane; 5 1,1
,1 ,2,2,4,
5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanone and
1,1 ,2-trifluoro-1-methoxy-2-(trifluoromethoxy)ethane;
1,1 , 1
,2,2,4,5,5,5-nonafIuoro-4-(trifluoromethyl)-3-pentanon
e and 1,1 ,1 ,2,3,3-hexafluoro-3-methoxypropane; 1,1
,1
,2,2,4,5,6,6-nonafluoro-4-(trifluorome1:hyl)-3-pentano
ne and 0 1, 1 ,1 ,3,3,3-hexafluoro-2-methoxypropane;
1,1 , 1
,2,2,4,d,d,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1 ,2,2,3,3-hexafluoro-3-methoxypropane; 1,1 ,1
,2,2,4,d,d,d-nonafluoro-4-(trifluoiOmethyl)-3-pentanon
e and 1- ( 1,1 ,-difluoroethoxy)-1 ,1
,2,2-tetrafluoroethane; 5 1,1 , 1
,2,2,4,5,d,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 3- (difluoromethoxy)-i ,1
,2,2-tetrafluoropropane; 1,1 ,1
,2,2,4,d,d,d-nonafluoro^-(trifluoromethyl)-3-pentanone
and 1,1 ,1 ,2,2-pentafluoro-3-methoxypropane; 1,1 , 1
,2,2,4,5,5,d-nonafluoro-4-(trifIuoromethyl)-3-pentanon
e and 2- 0 (difluoromethoxy)-i , 1 ,1
-trifluoropropane; 1,1 ,1
,2,2,4,d,d,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 2- ethoxy-1 , 1 , 1 ,2-tetrafluoroethane; 1,1 ,1
,2,2,4,d,d,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1 ,1-trifluoro-2-ethoxyethane; d 1,1 ,1
,2,2,4,d,d,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1,1 ,1-trifluoro-3-methoxypropane; 1,1 ,1
,2,2,4,
5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanone and
1, 1 ,1-trifluoro-2-methoxypropane; 1,1 ,1 A
d.d.d-nonafluoro^trifluoromethyO-S-pentanone and 1- 0
ethoxy-1 ,2,2-trifluoroethane; 1,1 ,1
,2,2,4,d,d,d-nonafluoro-4-(trifIuoromethyl)-3-pentanon
e and 1,1 ,1
,2,3,3-hexafluoro-3-(pentafluoroethoxy)propane; 1,1 ,1
,2,2,4,d,d,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 2- ethoxy-1 , 1 , 1 ,2,3,3,3-heptafluoropropane:
d 1,1 ,1
,2,2,4,5,5,d-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 3- ethoxy-1 ,1 ,1 ,2,2,3,3-heptafluoropropane;
1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1- (1 , 1 ,2,2-tetrafluoroethoxy)propane; 1,1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1- ethoxy-1 ,1 ,2,2-tetrafluoroethane; 1,1 ,1
,2,2 A5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanone
and 2,3-difluoro-4-(trifluoromethyl)oxetane; 1,1,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and C4F9OCH3; 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and C4F9OC2H5; and 1, 1 ,1
,2,2,4,5,5,5-nonafluoro-4-(trifluoromethyl)-3-pentanon
e and 1, 1 ,1 ,2,2,3,3-heptafluoro-3-methoxypropane.
The above listed compounds may be used in
refrigeration, heat transfer or air conditioning
systems employing a centrifugal compressor, a
two-stage centrifugal compressor and/or a single
slab/single pass heat exchanger. The present invention
also relates to processes for producing refrigeration,
heat, and transfer of heat from a heat source to a
heat sink using the present inventive compositions.
DETAILED DESCRIPTION OF THE INVENTION Applicants
specifically incorporate the entire contents of all
cited references in this disclosure. Further, when an
amount, concentration, or other value or parameter is
given as either a range, preferred range, or a list of
upper preferable values and lower preferable values,
this is to be understood as specifically disclosing
all ranges formed from any pair of upper range limit
or preferred value and any lower range limit or
preferred value, regardless of whether such ranges are
separately disclosed. Where a range of numerical
values is recited herein, unless otherwise stated, the
range is intended to include the endpoints thereof,
and all integers and fractions within the range. It is
not intended that the scope of the present invention
be limited to the specific values recited when
defining a range. The compositions of the present
invention comprise 



I .I I A S.d -nonafluoro^trifluoromethyO-S-pentanone
(PEIK) and at least one fluoroether. The fluoroethers
of the present invention comprise compounds containing
hydrogen, fluorine, carbon and at least one ether
group oxygen.The fluoroethers may be represented by
the formula R1OR2, wherein R1 and R2 are independently
selected from straight or branched chain aliphatic
fluorinated hydrocarbon radicals. R1 and R2 may be
joined to form a cyclic fluoroether ring. The
fluoroethers may contain from about 2 to 8 carbon
atoms. Preferred fluoroethers have from 3 to 6 carbon
atoms. Representative fluoroethers are listed in Table
1. Representative compounds that may be components of
the compositions of the present invention are listed
in Table 1. TABLE 1The compounds listed in Table 1 are
available commercially or may be prepared by processes
known in the prior art. C4F9OCH3 andC4F9OC2H5 are both
mixtures of isomers as indicated in Table 1 and are
available commercially from 3M(tm) (St. Paul,
Minnesota). 1,1 ,1 ,2,2,4,5,5,5-
nonafluoro-4-(trifluoromethyl)-3-pentanone (PEIK) is
also commercially available from 3M(tm) (St. Paul,
Minnesota). Compositions of the present invention have
low or zero ozone depletion potential and low global
warming potential. For example, fluoroethers and PEIK,
alone or in mixtures will have global warming
potentials lower than many HFC refrigerants currently
in use. The compositions of the present invention may
be prepared by any convenient method to combine the
desired amounts of the individual components. A
preferred method is to weigh the desired component
amounts and thereafter combine the components in an
appropriate vessel. Agitation may be used, if desired.
The refrigerant or heat transfer compositions of the
present invention comprise PEIK with at least one
fluoroether selected from the group consisting of:
1-(difluoromethoxy)-1 , 1 ,2-trifluoroethane;
1-(difluoromethoxy)-i ,2,2-trifluoroethane;
2-fluoromethoxy-1 ,1 ,1 ,2-tetrafluoroethane;
1-methoxy-1 ,1 ,2,2-tetrafluoroethane; 2-methoxy-1 ,1
,1 ,2-tetrafluoroethane;
1-difluoromethoxy-2,2-difluoroethane; 2-methoxy-1 , 1
,2-trifluoroethane; 1,1-difluoro-2-methoxyethane; 1,1
,2,2-tetrafluoro-3-(trifluoromethoxy)propane;
1-(2,2-difluoroethoxy)-1 , 1 ,2,2,2-pentafluoroethane;
3-(difluoromethoxy)-1 ,1 ,1,2,2-pentafluoropropane;
1,1 ,1 .S.S.S-hexafluoro^trifluoromethoxyJpropane; 1,1
,2-trifluoro-1-methoxy-2-(trifluoromethoxy)ethane; 1,1
,1 ,2,3,3-hexafluoro-3-methoxypropane; 1,1 ,1
,3,3,3-hexafluoro-2-methoxypropane; 1,1
,2,2,3,3-hexafluoro-3-methoxypropane; 1-(1 ,1
,-difluoroethoxy)-1 ,1 ,2,2-tetrafluoroethane;
3-(difluoromethoxy)-1 , 1 ,2,2-tetrafluoropropane; 1,1
,1 ,2,2-pentafluoro-3-methoxypropane;
2-(difluoromethoxy)-1 ,1 ,1-trifluoropropane;
2-ethoxy-1 , 1 , 1 ,2-tetrafluoroethane;1,1
,1-trifluoro-2-ethoxyethane; 1,1
,1-trifluoro-3-methoxypropane; 1,1
,1-trifluoro-2-methoxypropane; 1-ethoxy-1
,2,2-trifluoroethane; 1,1 , 1
,2,3,3-hexafluoro-3-(pentafluoroethoxy)propane;
2-ethoxy-1 , 1 , 1 ,2,3,3,3-heptafluoropropane:
3-ethoxy-1 , 1 ,1 ,2,2,3,3-heptafluoropropane; 1-(1 ,1
,2,2-tetrafluoroethoxy)propane;
2,3-difluoro-4-(trifluoromethyl)oxetane; C4F9OCH3;
C4F9OC2H5; 1,1 ,1
,2,2,3,3-heptafluoro-3-methoxypropane; 1-ethoxy-1 , 1
,2,2-tetrafluoroethane; and. combinations therof The
refrigerant or heat transfer compositions of the
present invention may be azeotropic or near azeotropic
compositions. By azeotropic composition is meant a
constant-boiling mixture of two or more substances
that behave as a single substance. One way to
characterize an azeotropic composition is that the
vapor produced by partial evaporation or distillation
of the liquid has the same composition as the liquid
from which it is evaporated or distilled, i.e., the
mixture distils/refluxes without compositional change.
Constant-boiling compositions are characterized as
azeotropic because they exhibit either a maximum or
minimum boiling point, as compared with that of the
nonazeotropic mixture of the same compounds.An
azeotropic composition will not fractionate within the
refrigeration or air conditioning system during
operation, which may reduce efficiency of the system.
Additionally, an azeotropic composition will not
fractionate upon leakage from the refrigeration or air
conditioning system. In the situation where one
component of a mixture is flammable, fractionation
during leakage could lead to a flammable composition
either within the system or outside of the system. A
near azeotropic composition (also commonly referred to
as an "azeotropic-like composition") is a
substantially constant boiling, liquid admixture of
two or more substances that behaves essentially as a
single substance. One way to characterize a near
azeotropic composition is that the vapor produced by
partial evaporation or distillation of the liquid
hassubstantially the same composition as the liquid
from which it was evaporated or distilled, that is,
the admixture distills/refluxes without substantial
composition change. Another way to characterize a near
azeotropic composition is that the bubble point vapor
pressure and the dew point vapor pressure of the
composition at a particular temperature are
substantially the same. Herein, a composition is near
azeotropic if, after 50 weight percent of the
composition is removed, such as by evaporation or
boiling off, the difference in vapor pressure between
the original composition and the composition remaining
after 50 weight percent of the original composition
has been removed is less than about 10 percent. The
azeotropic compositions, including refrigerant
compositions and heat transfer fluids, of the present
invention are listed in Table 2. TABLE 2 Azeotrope
Azeotrooe Component A Component B Concentration BP
(0C) Wt% A Wt% B PEIK HFOC-245caE ab 47.6 52.4 34.7
PEIK HFOC-245eaE 66.2 33.8 40.5 PEIK HFOC-245ebE bg
52.4 47.6 36.2 PEIK HFOC-254cbE bg 59.7 40.3 27.4 PEIK
HFOC-254ebE bg 63.6 36.4 29.9 PEIK HFOC-254faE 73.3
26.7 35.9 PEIK HFOC-263ebE bg 79.4 20.6 34.4 PEIK
HFOC-272fbE bg 75.3 24.7 3 1.5 PEIK HFOC-347mccE gd
39.5 60.5 32.1 PEIK HFOC-347mfcE ab 58.8 4 1.2 38.6
PEIK HFOC-347mcfE bg 57.8 42.2 38.2 PEIK HFOC-347mcfE
gd 58.5 4 1.5 38.4 PEIK HFOC-347mmzE bg 78.0 22.0 44.8
PEIK HFOC- 78.6 2 1.4 47.6 356mecE2 abgd PEIK
HFOC-356mecE gd 73.7 26.3 38.8 PEIK HFOC-356mmzE bg 7
1.0 29.0 40.8 PEIK HFOC-356pccE gd 80.6 19.4 42.9 PEIK
HFOC-356pcfE bg 86.5 13.5 45.8 PEIK HFOC-356pcfE gd
83.4 16.6 45.8 PEIK HFOC-365mcE gd 69.0 3 1.0 38.5
PEIK HFOC-365mpzE bg 70.3 29.7 43.0 PEIK HFOC-374mefE
bg 79.6 20.4 4 1.0PEIK HFOC-374pcE bg 74.8 25.2 39.9
PEIK HFOC-383mEbg 73.4 26.6 39.2 PEIK HFOC-383mEgd
78.3 2 1.7 39.0 PEIK HFOC-383mzE bg 72.4 27.6 36.0
PEIK HFOC-383peE bg 76.0 24.0 34.5 PEIK HFOC-467mmyE
bg 58.0 42.0 40.7 PEIK HFOC-467mccEgd 68.9 3 1. 1 43.4
PEIK HFOC-494pcE bg 85.3 14.7 44.8 PEIK HFOC-C345mzeE
ad 78.8 2 1.2 4 1.3 PEIK C4F9OCH3 77.0 23.0 45.2 PEIK
C4F9OC2H5 96.6 3.4 48.9 The near azeotropic
refrigerant compositions and heat transfer fluids and
concentration ranges of the present invention are
listed in Table 3. TABLE 3 Near Azeotropic
Concentration 



Range Compounds (AIB) wt% A/wt% B PEIK/HFOC-245caEab
1-79/99-21 PEIK/HFOC-245eaE 38-99/62-1
PEIK/HFOC-245ebE bg 20-82/80-18 PEIK/HFOC-254cbE bg
36-82/64-18 PEIK/HFOC-254ebE bg 28-85/72-15
PEIK/HFOC-254faE 49-87/51-13 PEIK/HFOC-263ebE bg
58-91/42-9 PEIK/HFOC-272fbE bg 53-89/47-1 1
PEIK/HFOC-347mfcEab 1-85/99-15 PEIK/HFOC-347mcfE bg
1-84/99-16 PEIK/HFOC-347mcfEgd 1-85/99-15
PEIK/HFOC-347mmzE bg 39-99/61-1 PEIK/HFOC-356mecE2
abgd 1-99/99-1 PEIK/HFOC-356mecEgd 47-88/53-12
PEIK/HFOC-356mmzE bg 32-90/68-10 PEIK/HFOC-356pccEgd
57-94/43-6 PEIK/HFOC-356pcfE bg 60-99/40-1
PEIK/HFOC-356pcfEgd 56-99/44-1 PEIK/HFOC-365mcEgd
28-88/72-12 PEIK/HFOC-365mpzE bg 1-99/99-1
PEIK/HFOC-374mefE bg 55-92/45-8 PEIK/HFOC-383mEbg
41-91/59-9 PEIK/HFOC-383mEgd
55-91/45-9PEIK/HFOC-383mzE bg 45-88/55-12
PEIK/HFOC-383peE bg 54-89/46-1 1 PEIK/HFOC-42-1 1meEbg
1-99/99-1 PEIK/HFOC-467mmyE bg 1-99/99-1
PEIK/HFOC-467mccE gd 1-99/99-1 PEIK/HFOC-494pcE bg
62-99/38-1 PEIK/HFOC-c345mzeE ad 54-92/46-8 PEIK/
C4F9OCH3 40-99/60-1 PEIK/ C4F9OC2H5 63-99/37-1 PEIK/
HFOC-347mccE gd 1-76/99-24 PEIK/HFOC-374pcE bg
50-90/50-10 Additional compounds from the list in
Table 1 may be added to the binary compositions of the
present invention to form ternary or higher order
compositions. The compositions of the present
invention may further comprise about 0.01 weight
percent to about 5 weight percent of an additive such
as, for example, a stabilizer, free radical scavenger
and/or antioxidant. Such additives include but are not
limited to, nitromethane, hindered phenols,
hydroxylamines, thiols, phosphites, or lactones.
Single additives or combinations may be used. The
compositions of the present invention may further
comprise about 0.01 weight percent to about 5 weight
percent of a water scavenger (drying compound). Such
water scavengers may comprise ortho esters such as
trimethyl-, triethyl-, or tripropylortho formate. The
compositions of the present invention may further
comprise an ultra-violet (UV) dye and optionally a
solubilizing agent. The UV dye is a useful component
for detecting leaks of the refrigerant composition or
heat transfer fluids by permitting one to observe the
fluorescence of the dye in the refrigerant or heat
transfer fluid composition at a leak point or in the
vicinity of refrigeration or air-conditioning
apparatus. One may observe the fluorosence of the dye
under an ultra violet light. Solubilizing agents may
be needed due to poor solubility of such UV dyes in
some refrigerants and heat transfer fluids. By
"ultra-violet" dye is meant a UV fluorescent
composition that absorbs light in the ultra-violet or
"near" ultra-violet region of the electromagnetic
spectrum. The fluorescence produced by the UV
fluorescent dye under illumination by a UV light that
emits radiation with wavelength anywhere from 10
nanometer to 750 nanometer may bedetected. Therefore,
if refrigerant or heat transfer fluid containing such
a UV fluorescent dye is leaking from a given point in
a refrigeration or air conditioning apparatus, the
fluorescence can be detected at the leak point. Such
UV fluorescent dyes include but are not limited to
naphthalimides, perylenes, coumarins, anthracenes,
phenanthracenes, xanthenes, thioxanthenes,
naphthoxanthenes, fluoresceins, and derivatives or
combinations thereof. Solubilizing agents of the
present invention comprise at least one compound
selected from the group consisting of hydrocarbons,
hydrocarbon ethers, polyoxyalkylene glycol ethers,
amides, nitriles, ketones, chlorocarbons, esters,
lactones, aryl ethers, fluoroethers and 1, 1
,1-trifluoroalkanes. Hydrocarbon solubilizing agents
of the present invention comprise hydrocarbons
including straight chained, branched chain or cyclic
alkanes or alkenes containing 5 or fewer carbon atoms
and only hydrogen with no other functional groups.
Representative hydrocarbon solubilizing agents
comprise propane, propylene, cyclopropane, n-butane,
isobutane, and n-pentane. It should be noted that if
the refrigerant or heat transfer fluid is a
hydrocarbon, then the solubilizing agent may not be
the same hydrocarbon. Hydrocarbon ether solubilizing
agents of the present invention comprise ethers
containing only carbon, hydrogen and oxygen, such as
dimethyl ether (DME). Polyoxyalkylene glycol ether
solubilizing agents of the present invention are
represented by the formula R1[(OR2)xOR3]y, wherein: x
is an integer from 1-3; y is an integer from 1-4; R1
is selected from hydrogen and aliphatic hydrocarbon
radicals having 1 to 6 carbon atoms and y bonding
sites; R2 is selected from aliphatic hydrocarbylene
radicals having from 2 to 4 carbon atoms; R3 is
selected from hydrogen and aliphatic and alicyclic
hydrocarbon radicals having from 1 to 6 carbon atoms;
at least one of R1 and R3 is said hydrocarbon radical;
and wherein said polyoxyalkylene glycol ethers have a
molecular weight of from about 100 to about 300 atomic
mass units. As used herein, bonding sites mean radical
sites available to form covalent bonds with other
radicals. Hydrocarbylene radicals mean divalent
hydrocarbon radicals. In the present invention,
preferred polyoxyalkylene glycol ether solubilizing
agents are represented by R1[(OR2)xOR3]y: x is
preferably 1-2; y is preferably 1; R1 and R3 are
preferably independently selected fromhydrogen and
aliphatic hydrocarbon radicals having 1 to 4 carbon
atoms; R2 is preferably selected from aliphatic
hydrocarbylene radicals having from 2 or 3 carbon
atoms, most preferably 3 carbon atoms; the
polyoxyalkylene glycol ether molecular weight is
preferably from about 100 to about 250 atomic mass
units, most preferably from about 125 to about 250
atomic mass units. The R1 and R3 hydrocarbon radicals
having 1 to 6 carbon atoms may be linear, branched or
cyclic. Representative R1 and R3 hydrocarbon radicals
include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, terf-butyl, pentyl, isopentyl,
neopentyl, terf-pentyl, cyclopentyl, and cyclohexyl.
Where free hydroxyl radicals on the present
polyoxyalkylene glycol ether solubilizing agents may
be incompatible with certain compression refrigeration
apparatus materials of construction (e.g. Mylar(r)),
R1 and R3 are preferably aliphatic hydrocarbon
radicals having 1 to 4 carbon atoms, most preferably 1
carbon atom. The R2 aliphatic hydrocarbylene radicals
having from 2 to 4 carbon atoms form repeating
oxyalkylene radicals - (OR2)X - that include
oxyethylene radicals, oxypropylene radicals, and
oxybutylene radicals. The oxyalkylene radical
comprising R2 in one polyoxyalkylene glycol ether
solubilizing agent molecule may be the same, or one
molecule may contain different R2 oxyalkylene groups.
The present polyoxyalkylene glycol ether solubilizing
agents preferably comprise at least one oxypropylene
radical. Where R1 is an aliphatic or alicyclic
hydrocarbon radical having 1 to 6 carbon atoms and y
bonding sites, the radical may be linear, branched or
cyclic. Representative R1 aliphatic hydrocarbon
radicals having two bonding sites include, for
example, an ethylene radical, a propylene radical, a
butylene radical, a pentylene radical, a hexylene
radical, a cyclopentylene radical and a cyclohexylene
radical. Representative R1 aliphatic hydrocarbon
radicals having three or four bonding sites include
residues derived from polyalcohols, such as
trimethylolpropane, glycerin, pentaerythritol, 1,2,3-
trihydroxycyclohexane and 1,3,5-trihydroxycyclohexane,
by removing their hydroxyl radicals. Representative
polyoxyalkylene glycol ether solubilizing agents
include but are not limited to: CH3OCH2CH(CH3)O(H or
CH3) (propylene glycol methyl (or dimethyl) ether),
CH3O[CH2CH(CH3)O]2(H or CH3) (dipropylene glycol
methyl (or dimethyl) ether), CH3O[CH2CH(CH3)O]3(H or
CH3) (tripropylene glycol methyl (or dimethyl) ether),
C2H5OCH2CH(CH3)O(H Or C2H5) (propylene glycol ethyl
(or diethyl) ether),C2H5O[CH2CH(CH3)O]2(H or C2H5)
(dipropylene glycol ethyl (or diethyl) ether),
C2H5O[CH2CH(CH3)O]3(H or C2H5) (tripropylene glycol
ethyl (or diethyl) ether), C3H7OCH2CH(CH3)O(H or C3H7)
(propylene glycol n-propyl (or di-n-propyl) ether),
C3H7O[CH2CH(CH3)O]2(H or C3H7) (dipropylene glycol
n-propyl (or di-n-propyl) ether) ,
C3H7O[CH2CH(CH3)O]3(H or C3H7) (tripropylene glycol
n-propyl (or di-n-propyl) ether), 4H9OCH2CH(CH3)OH
(propylene glycol n-butyl ether),
C4H9O[CH2CH(CH3)O]2(H or C4H9) 



(dipropylene glycol n-butyl (or di-n-butyl) ether),
C4H9O[CH2CH(CH3)O]3(H or C4H9) (tripropylene glycol
n-butyl (or di-n-butyl) ether), (CH )3COCH 2CH(CH 3)OH
(propylene glycol t-butyl ether),
(CHs)3CO[CH2CH(CH3)O]2(H or (CH3)3) (dipropylene
glycol t-butyl (or di-tbutyl) ether),
(CH3)3CO[CH2CH(CH3)O]3(H or (CHs)3) (tripropylene
glycol tbutyl (or di-t-butyl) ether), C5HnOCH
2CH(CH3)OH (propylene glycol npentyl ether),
C4H9OCH2CH(C2H5)OH (butylene glycol n-butyl ether),
C4H9O[CH2CH(C2H5)O]2H (dibutylene glycol n-butyl
ether), trimethylolpropane tri-n-butyl ether
(C2H5C(CH2O(CH2)3CH3)3) and trimethylolpropane
di-n-butyl ether (C2H5C(CH2OC(CH2)3CH3)2CH2OH). Amide
solubilizing agents of the present invention comprise
those represented by the formulae R1C(O)NR2R3 and
cyclo- [R4C(O)N(R5)], wherein R1, R2, R3 and R5 are
independently selected from aliphatic and alicyclic
hydrocarbon radicals having from 1 to 12 carbon atoms;
R4 is selected from aliphatic hydrocarbylene radicals
having from 3 to 12 carbon atoms; and wherein said
amides have a molecular weight of from about 100 to
about 300 atomic mass units. The molecular weight of
said amides is preferably from about 160 to about 250
atomic mass units. R1, R2, R3 and R5 may optionally
include substituted hydrocarbon radicals, that is,
radicals containing non-hydrocarbon substituents
selected from halogens (e.g., fluorine, chlorine) and
alkoxides (e.g. methoxy). R1, R2, R3 and R5 may
optionally include heteroatom-substituted hydrocarbon
radicals, that is, radicals, which contain the atoms
nitrogen (aza-), oxygen (oxa-) or sulfur (thia-) in a
radical chain otherwise composed of carbon atoms. In
general, no more than three non-hydrocarbon
substituents and heteroatoms, and preferably no more
than one, will be present for each 10 carbon atoms in
R1"3 , and the presence of any such non-hydrocarbon
substituents and heteroatoms must be considered in
applying the aforementioned molecular weight
limitations. Preferred amide solubilizing agents
consist of carbon, hydrogen, nitrogen and oxygen.
RepresentativeR1, R2, R3 and R5 aliphatic and
alicyclic hydrocarbon radicals include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl,
terf-butyl, pentyl, isopentyl, neopentyl, ferf-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers. A
preferred embodiment of amide solubilizing agents are
those wherein R4 in the aforementioned formula
cyclo-[R4C(O)N(R5)-] may be represented by the
hydrocarbylene radical (CR6R7 n, in other words, the
formula: cyclo- [(CR6R7 nC(O)N(R5)-] wherein: the
previously-stated values for molecular weight apply; n
is an integer from 3 to 5; R5 is a saturated
hydrocarbon radical containing 1 to 12 carbon atoms;
R6 and R7 are independently selected (for each n) by
the rules previously offered defining R1 3. In the
lactams represented by the formula:
cyclo-[(CR6R7)nC(O)N(R5)-], all R6 and R7 are
preferably hydrogen, or contain a single saturated
hydrocarbon radical among the n methylene units, and
R5 is a saturated hydrocarbon radical containing 3 to
12 carbon atoms. For example, 1-(saturated hydrocarbon
radical)-5-methylpyrrolidin-2-ones. Representative
amide solubilizing agents include but are not limited
to: 1-octylpyrrolidin-2-one, 1-decylpyrrolidin-2-one,
1-octyl-5- methylpyrrolidin-2-one, 1-butylcaprolactam,
1-cyclohexylpyrrolidin-2-one,
1-butyl-5-methylpiperid-2-one,
1-pentyl-5-methylpiperid-2-one, 1- hexylcaprolactam,
1-hexyl-5-methylpyrrolidin-2-one, 5-methyl-1-
pentylpiperid-2-one, 1,3-dimethylpiperid-2-one,
1-methylcaprolactam, 1- butyl-pyrrolidin-2-one,
1,5-dimethylpiperid-2-one, 1-decyl-5-
methylpyrrolidin-2-one, 1-dodecylpyrrolid-2-one,
N,N-dibutylformamide and N,N-diisopropylacetamide.
Ketone solubilizing agents of the present invention
comprise ketones represented by the formula R1C(O)R2,
wherein R1 and R2 are independently selected from
aliphatic, alicyclic and aryl hydrocarbon radicals
having from 1 to 12 carbon atoms, and wherein said
ketones have a molecular weight of from about 70 to
about 300 atomic mass units. R1 and R2 in said ketones
are preferably independently selected from aliphatic
and alicyclic hydrocarbon radicals having 1 to 9
carbon atoms. The molecular weight of said ketones is
preferably from about 100 to 200 atomic mass units. R1
and R2 may together form a hydrocarbylene radical
connected and forming a five, six, or seven-membered
ring cyclic ketone, for example, cyclopentanone,
cyclohexanone, and cycloheptanone. R1 and R2 may
optionally include substituted hydrocarbon radicals,
that is,radicals containing non-hydrocarbon
substituents selected from halogens (e.g., fluorine,
chlorine) and alkoxides (e.g. methoxy). R1 and R2 may
optionally include heteroatom-substituted hydrocarbon
radicals, that is, radicals, which contain the atoms
nitrogen (aza-), oxygen (keto-, oxa-) or sulfur
(thia-) in a radical chain otherwise composed of
carbon atoms. In general, no more than three
non-hydrocarbon substituents and heteroatoms, and
preferably no more than one, will be present for each
10 carbon atoms in R1 and R2, and the presence of any
such nonhydrocarbon substituents and heteroatoms must
be considered in applying the aforementioned molecular
weight limitations. Representative R1 and R2
aliphatic, alicyclic and aryl hydrocarbon radicals in
the general formula R1C(O)R2 include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl,
te/f-butyl, pentyl, isopentyl, neopentyl, ferf-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers, as
well as phenyl, benzyl, cumenyl, mesityl, tolyl, xylyl
and phenethyl. Representative ketone solubilizing
agents include but are not limited to: 2-butanone,
2-pentanone, acetophenone, butyrophenone,
hexanophenone, cyclohexanone, cycloheptanone,
2-heptanone, 3- heptanone, 5-methyl-2-hexanone,
2-octanone, 3-octanone, diisobutyl ketone,
4-ethylcyclohexanone, 2-nonanone, 5-nonanone,
2-decanone, 4- decanone, 2-decalone, 2-tridecanone,
dihexyl ketone and dicyclohexyl ketone. Nitrile
solubilizing agents of the present invention comprise
nitriles represented by the formula R1CN, wherein R1
is selected from aliphatic, alicyclic or aryl
hydrocarbon radicals having from 5 to 12 carbon atoms,
and wherein said nitriles have a molecular weight of
from about 90 to about 200 atomic mass units. R1 in
said nitrile solubilizing agents is preferably
selected from aliphatic and alicyclic hydrocarbon
radicals having 8 to 10 carbon atoms. The molecular
weight of said nitrile solubilizing agents is
preferably from about 120 to about 140 atomic mass
units. R1 may optionally include substituted
hydrocarbon radicals, that is, radicals containing
non-hydrocarbon substituents selected from halogens
(e.g., fluorine, chlorine) and alkoxides (e.g.
methoxy). R1 may optionally include
heteroatom-substituted hydrocarbon radicals, that is,
radicals, which contain the atoms nitrogen (aza-),
oxygen (keto-, oxa-) or sulfur (thia-) in a radical
chain otherwise composed of carbon atoms. In
general,no more than three non-hydrocarbon
substituents and heteroatoms, and preferably no more
than one, will be present for each 10 carbon atoms in
R1, and the presence of any such non-hydrocarbon
substituents and heteroatoms must be considered in
applying the aforementioned molecular weight
limitations. Representative R1 aliphatic, alicyclic
and aryl hydrocarbon radicals in the general formula
R1CN include pentyl, isopentyl, neopentyl,
te/f-pentyl, cyclopentyl, cyclohexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl and their
configurational isomers, as well as phenyl, benzyl,
cumenyl, mesityl, tolyl, xylyl and phenethyl.
Representative nitrile solubilizing agents include but
are not limited to: 1- cyanopentane,
2,2-dimethyl-4-cyanopentane, 1-cyanohexane, 1-
cyanoheptane, 1-cyanooctane, 2-cyanooctane,
1-cyanononane, 1- cyanodecane, 2-cyanodecane,
1-cyanoundecane and 1-cyanododecane. Chlorocarbon
solubilizing agents of the present invention comprise
chlorocarbons represented by the formula RCIx,
wherein; x is selected from the integers 1 or 2; R is
selected from aliphatic and alicyclic hydrocarbon
radicals having 1 to 12 carbon atoms; and wherein said
chlorocarbons have a molecular weight of from about
100 to about 200 atomic mass units. The molecular
weight of said chlorocarbon solubilizing agents is
preferably from about 120 to 150 atomic mass units.
Representative R aliphatic and alicyclic hydrocarbon
radicals in the general formula RCIx include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
terf-butyl, pentyl, isopentyl, neopentyl, terf-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl and their configurational isomers.
Representative chlorocarbon solubilizing agents
include but are not limited to:
3-(chloromethyl)pentane, 3-chloro-3-methylpentane, 1-
chlorohexane, 1,6-dichlorohexane, 1-chloroheptane,
1-chlorooctane, 1- chlorononane, 1-chlorodecane, and
1,1 ,1-trichlorodecane. Ester solubilizing agents of
the present invention comprise esters represented by
the general formula R1CO2R2, wherein R1 and R2 are
independently selected from linear and cyclic,
saturated and unsaturated, alkyl and aryl radicals.
Preferred esters consist essentially of the elements
C, H and O, have a molecular weight of from about 80
to about 550 atomic mass units. Representative esters
include but are not limited
to:(CH3)2CHCH2OOC(CH2)2-4OCOCH2CH(CH3)2 (diisobutyl
dibasic ester), ethyl hexanoate, ethyl heptanoate,
n-butyl propionate, n-propyl propionate, 



ethyl benzoate, di-n-propyl phthalate, benzoic acid
ethoxyethyl ester, dipropyl carbonate, "Exxate 700" (a
commercial C7 alkyl acetate), "Exxate 800" (a
commercial Ce alkyl acetate), dibutyl phthalate, and
tert-butyl acetate. Lactone solubilizing agents of the
present invention comprise lactones represented by
structures [A], [B], and [C]: [A] [B] [C] These
lactones contain the functional group -CO2- in a ring
of six (A), or preferably five atoms (B), wherein for
structures [A] and [B], R1 through R8 are
independently selected from hydrogen or linear,
branched, cyclic, bicyclic, saturated and unsaturated
hydrocarbyl radicals. Each Ri though R may be
connected forming a ring with another Ri through R8.
The lactone may have an exocyclic alkylidene group as
in structure [C], wherein Ri through R6 are
independently selected from hydrogen or linear,
branched, cyclic, bicyclic, saturated and unsaturated
hydrocarbyl radicals. Each Ri though R may be
connected forming a ring with another R1 through Re.
The lactone solubilizing agents have a molecular
weight range of from about 80 to about 300 atomic mass
units, preferred from about 80 to about 200 atomic
mass units. Representative lactone solubilizing agents
include but are not limited to the compounds listed in
Table 4 . TABLE 4FLEXIBLE SCRUB RING CONTACT
Background Of The Invention Microelectronic devices
such as state-of-the-art microprocessors require large
numbers of reliable connections in increasingly-small
areas. As the number of connections between an
electronic device and a substrate to which the device
is to be mounted increases, the likelihood that just a
single connection will not be made or will fail, also
increases. hi "wave soldering," an electronic
component is soldered to a substrate by flowing molten
solder over a substrate in which electronic components
are mounted. Components are placed onto the substrate,
which is then passed over flowing, molten solder such
that exposed metal and fluxed surfaces on the lower
surface of the substrate surface wick the molten
solder upward from the solder bath. As the substrate
with the wicked, molten solder moves away from the
molten solder bath, the solder cools and solidifies,
establishing an electrical connection between
electronic devices and soldered surfaces of the
substrate. As connection density increases in the
electronic arts and lead lengths from electronic
devices decreases, the increasing number of
connections thatmust be made make it statistically
more likely that even a single connection will not be
made or will fail. Even minor irregularities in the
planarity of a substrate can cause connection
problems. One problem with prior art soldering
techniques arises when the contact surfaces of a
substrate and an electronic device are separated from
each other by different distances. For example, if one
or two contact leads or one or two contact surfaces of
a microprocessor are more widely separated from a
planar substrate than the other contact leads or
contact surfaces, the molten solder might not wick
between the substrate and the more-distant contact
surfaces of the electronic device. Prior art soldering
techniques suffer from an inability to make a
connection when the spacing or distance between
contact surfaces of two devices or surfaces to
bejoined, varies by more than a small amount. When
even a single connection between an electronic device
and its supporting substrate is either not made at the
time of manufacture, or if even a single connection
fails while the electronic device is in use, the cost
to identify a failed electrical connection and to
repair it can often exceed the cost to manufacture the
product in which the electronic device and supporting
substrate operates. Improving the manufacturability of
electrical connections and improving the reliability
of electrical connections after manufacture would be
an improvement over the prior art.Pliable rings may
not be able to make a good electrical connection to a
surface, especially, if the surface is not clean. As
is well-known by those or ordinary skill in the
electronic arts, even very thin layers of material
that may accumulate on a circuit board trace or
contact pad can impede the establishment of a good
connection. If there are contaminants or dirt or a
film present on a conductive surface, even a contact
spring in the form of a ring may not be able to
provide a good electrical connection to the traces or
contact pads. Surface oxidation, residual conformal
coating materials, solder fluxes, atmospheric
pollutants and other chemicals can form thin coatings
on a metal contact pad that can impede the formation
of a solid electrical contact. In order to avoid these
shortcomings, it is desirable to provide a connector
with that performs a wiping action across the contact
pads or circuit board traces to remove contaminants
and/or oxidation and films from the contact surface
when the connector is brought into contact with the
circuit board. The present invention is directed to an
improved ring connector that overcomes the
above-mentioned shortcomings. Summary Of The Invention
It is therefore a general object of the present
invention to provide a mechanically-flexible connector
wipes an opposing contact to remove to work through
thin layers or coatings that might become deposited on
the contact surface to which the connector is attached
so that an electrical connection can be established
through such coatings. Another object of the present
invention is to provide a flexible contact in the form
of hollow deformable ring that has an enlarged body
portion on its perimeter which acts as a wiping blade.
Yet a further object of the present invention is to
provide a flexible, hollow ring contact having an
enlarged triangular-shaped section that includes a
radially-outwardly extending apex that defines a
wiping edge of the contact, the ring edge being
disposed in the center of the ring for reliable
wiping. Still yet another object of the present
invention is to provide a flexible contact for use in
establishing a connection between two circuit boards,
the contact have a hollow ring configuration, the ring
having a continuous conductive band that defines a
base portion and a contact portion, the base portion
including a base for contacting a portion of a first
circuit board in a manner to define two areas to which
solder may be applied to hold the ring contact to
thefirst circuit board, and the ring further including
an enlarged area of its contact portion thatdefines a
wiping edge of the contact that extends transversely
of the ring body, the enlarged area extending radially
outwardly from a body portion of the ring to an apex
and the wiping edge coinciding with the apex.. The
present invention accomplishes these objects by way of
its structure. In the preferred embodiments of the
invention, microelectronic devices are electrically
connected and mounted to a circuit board or other
planar surface using small conductive hollow rings
between electrical contacts of an electronic device
and a circuit board or substrate. Each ring includes a
continuous a band of pliant or flexible conductive
material that extends around a geometric center point
but includes at least one protuberance having an apex.
When the ring is deformed as contact is formed between
a first and second circuit board, the ring tends to
bow outwardly. As a result of this bowing action, the
protuberance in effect moves linearly against the
second circuit board. The apex of the protuberance
then scrapes or "scrubs" the contact surface against
which the ring bears. The scrub action of the
protuberance tends to remove material from the surface
against which it scrubbed, thereby improving
electrical connection. These and other objects,
features and advantages of the present invention will
be clearly understood through a consideration of the
following detailed description. Brief Description Of
The Drawings In the course of this detailed
description, the reference will be frequently made to
the attached drawings in which: FIG. 1 is a
perspective view of a discrete conductive hollow ring
constructed in accordance with the principles of the
present invention and having a protuberance having an
apex disposed on an exterior surface of the ring body;
FIG. 2 is a second perspective view of the conductive
ring of FIG. 1, taken from a different angle; FIG. 3
is a elevational schematic view of a conductive hollow
ring showing the ring and protuberance in cross
section and also showing the height D of the ring when
in a relaxed state; FIG. 4 is an end view of the ring
of FIG. 3; FIG. 5 is the same view as FIG. 3, but it
illustrates the ring in a deformed state caused by an
externally applied force F acting radially on the ring
and the decrease in the ring's height;FIG. 6 is a side
view of the deformed ring shown in FIG. 5; FIG. 7 is a
diagrammatic view illustrating how a ring of the
present invention may be positioned inside the
bullet-shaped intersection of two curves that have the
same radius of curvature and which forms a shape
referred to as a dropped ogive; FIG. 8 is another
diagrammatic view illustrating the geometric location
of a protuberance on a ring and the geometric location
of the apex of the protuberance; FIG. 9 is an
elevational view illustrating a plurality of rings of
the invention in place between, between a substrate
and a device so as to provide an electrical connection
therebetween; FIG. 10 is a perspective view of a ring
of FIG. 1 located above an H-shaped opening formed in
a carrier sheet; FIG. 11 is a perspective view of the
ring shown in FIG. 10, located in place in the Hshaped
opening of the carrier sheet; FIG. 12 is a
cross-section of a device electrically and
mechanically mounted to a substrate by way of the
rings shown in FIGS. 1-12; FIG. 13A is a side
elevational view illustrating a ring contact of the
invention with a deflection pattern superimposed
thereon in phantom; FIG. 13B is the same view as FIG.
13A, but showing the deformation of the ring contact
under load and the wiping movement of the ring
enlarged portion; FIG. 14 is a perspective view of the
ring contacts of the invention arranged in an array on
a substrate; and, FIG. 15 is a side view of another
embodiment of a ring contact constructed in accordance
Detailed Description Of The Preferred Embodiment FIG.
1 is a perspective view of a discrete conductive
hollow ring 10 constructed in accordance with the
principles of the present invention. The ring 10 is
preferably formed from a pliant (flexible) conductive
material and is used to connect an electronic device
to a circuit board or other substrate, which is not
shown in FIG. 1. As is true of rings as well as
cylinders, the ring's material is generally centered
about a point in space 12 through which extends the
ring's 



axis of rotation 14, which is shown in FIG. 4.
Preferably, this point 12 is the geometric center of
the ring 10, but it is understood that it need not be
the geometric center. The ring 10 has a substantially
circular interior surface 16, a continuous exterior
surfaceand a wall thickness (not identified by a
reference numeral but clearly shown in the figure as
being between the interior and exterior surfaces). As
can be seen in FIG. 1, the exterior surface 18 of the
ring 10 is formed to have a localized bump or
protuberance 20 along one portion along what may be
considered as a "side" thereof, and it shown in the
drawings as between the positions of a clock face
known as 11 and 12 o'clock. The protuberance 20 has a
high-point or apex 22 that which is a point on the
ring's exterior surface farthest from the ring's
center point 12. The protuberance 22 is preferably and
most easily formed as part of the process by which the
ring 10 is formed and therefore of the same material
from which the ring 10 is formed, although is may be
formed on the ring 10 in other manners, such as
deposition or the like. hi its preferred embodiment,
the ring 10 may be quite small, having a diameter on
the order of 500 mm to 1000 mm. At such small sizes,
the ring 10 is preferably formed using techniques such
as lithography and electro-forming that are known in
the art. The base of the ring may have an enlarged
portion as shown in FIGS. 1 & 2, or it maybe entirely
arcuate, and preferably circular, as shown in FIGS. 3
& 5. FIG. 2 shows the ring 10 of FIG. 1, albeit
rotated clockwise so that the apex 22 of the
protuberance is at the 12-o'clock position, i.e.,
pointing toward the top of FIG. 2. In both FIG. 1 and
FIG. 2, the ring 10 is in a relaxed state. As
described more fully below, the ring 10 will deform
upon the application of a force F that is imposed
thereupon in a vertical direction. Due to the
imposition of this force F, the protuberance 20 and
the apex 22 thereof will move or translate as a direct
result of the ring's deformation. This movement, as
shown best in FIG. 13A is a side to side movement of
the ring body that preferably occurs in a horizontal
plane. This movement of the apex 22 against a surface
to which the ring 10 is to be soldered causes the apex
to move or "scrub" against an opposing surface, and
this scrubbing or wiping action removes material from
the surface that can interfere with electrical
signals. FIG. 3 shows a side view of the ring 10 of
FIGS. 1 & FIG. 2, in a relaxed or undeformed state and
oriented upside down as compared to its orientation in
FIGS. 1 & 2. FIG. 2 also shows the ring 10 to have a
generally circular cross section and the protuberance
20 to have a generally triangular cross section hi
FIG. 2, the protuberance 20, and the apex 22 of the
protuberance, are shown at the 6-o'clock position,
i.e., with the apex 22 lying on a geometric line that
extends from and which is orthogonal to the surface 23
to which the ring 10 is to be soldered. In the relaxed
state, the distance between the apex 22 of the
protuberance 20 and a point on the circumference of
the ring 10 directly opposite the apex 22 is
identified in the figureas "D." This distance is of
course greater than the diameter of the ring due to
the increased thickness of the protuberance 20. FIG. 3
also shows two nickel metal solder barriers 68 and 70
that may be applied to the ring's exterior surface 18,
both of which are located part way up the ring's
circumference from the protuberance 20. In a preferred
embodiment, the solder barriers 68 and 70 may take the
form of relatively narrow strips of nickel plating on
the exterior surface 18 that will prevent solder from
wieking completely around the ring 10 from the base
portion that is illustrated in FIGS. 1, 2 and 13A &
13B, when the rings are affixed to a substrate by
means of soldering. Alternatively, the barriers may be
constructed with the nickel integrated in the body of
the ring in manners as may be known in the art. FIG. 4
shows an end view of the relaxed solder ring 10 and
the axis of rotation 14 that may be considered as
extending through the geometric center of the ring 10.
This figure also shows the relative location of one
solder barrier 70 with respect to the protuberance 20.
FIG. 5 depicts at least one way that the ring 10 may
deform, when the ring 10 is pressed against the metal
surface 23 by a force acting on the ring 10 from the
upper or vertical direction. The 1force on the ring 10
is denoted by the line "F." As shown in FIG. 5, the
ring 10 may be deformed into an oblong or elliptical
shape, and preferably the ring 10 will be deformed
into a compressed or squashed pear shape as
illustrated in FIGS. 13A & 13B. As shown in FIG. 5, as
the ring 10 deforms, the apex 22 of the protuberance
20 tends to move sideways in a generally horizontal
manner across the metal contact surface 23 from a
first or initial location 25 to a second or terminal
location 27. In so moving, the apex 22 as it is
pressed against the surface, will scratch, scrub or
wipe the surface 23 between the initial location 25 to
a second location 27 and in the process cut through
film or material on the surface 23 thereby making a
clean contact between the ring 10 and the metal
surface 23 to which the compressed ring 10 is
subsequently soldered. The distance between the
initial location 25 and the second location 27 in FIG.
5 is the wipe distance "S". The surface 23 that lies
under the ring 10 and along the wipe distance "S" will
have been scraped or wiped by the apex 22, thereby
removing any layered material that might inhibit an
electrical connection between the surface 23 and the
ring 10. Returning to FIG. 13A, it can be seen that
the deformation of the ring 102 occurs to the right
(and it will be understood that it may occur to the
left) and the ring 102 articulates or bends about two
points of inflection, AA and BB. Inflection point AA
occurs where the ring 102 may join either the solder
fillet 104 or in some applications, a base 105 that
may either be formeddirectly as part of the ring
contact or formed as a separate element and joined to
the ring body, while inflection point BB occurs on the
opposite side of the ring where the protuberance, or
thickened portion, joins the regular thickness of the
ring body portion. These two points of inflection
define a line AB, shown in FIG. 13B that extends at an
acute angle from the circuit board 100 to which the
ring contact is mounted. In FIG. 4, when the ring 10
is in its relaxed state, the distance between the apex
22 and a point diametrically opposite the apex 22 is
the distance "D" as shown in FIG. 5. As shown in FIG.
5, the application of a radial force F to the ring
pauses the ring 10 to deform and also causes the apex
22 to slide sideways. As a result, the maximum
distance from the surface 23 to the top or the ring 10
to decrease to D' . FIG. 6 shows a side view of the
ring 10 radially compressed from its relaxed state by
the radially-applied force F. The ring's 10 overall
height is also shown in FIG. 6 to be reduced, which as
shown in FIG. 5, causes the ring material to slide as
it deforms. After the ring 10 is compressed and the
signal-conducting surfaces scrubbed, the ring 10, a
device that the ring 10 is mounting to a substrate,
and the substrate conductor, can all be wave soldered
together by holding a force against the ring 10. In an
alternate embodiment, the ring 10 can be compressed,
thereby scrubbing the surface and then released and
soldered. In either case, forcing the ring's apex 22
against a solder surface so that the apex 22 scrubs
the surface clean will improve the electrical
connection between the substrate's surface and the
conductive ring 10. In the embodiment of the
protuberance shown in FIGS. 1 & 2, the cross section
of the protuberance is preferably an isosceles
triangle formed by the exterior surfaces of the
protuberance 20 that extend away from the apex 22
forming an obtuse angle between them. Accordingly, the
cross section of the protuberance may be considered to
be a triangle. In FIGS. 3 and 5, the cross section of
the protuberance 20 is also seen to be triangular, but
in other embodiments, however, the cross section of
the protuberance can be parabolic elliptical and of a
"dropped ogive." An "ogive" is a bullet-shaped
intersection of two curves that have the same radius
of curvature. A "dropped ogive" is an ogive in which
the center of curvature of each intersecting curve
lies inside the other curve. FIG. 7 shows an example
of a dropped ogive 24 that encloses a ring 10. A first
curve 26 has a radius of curvature defined by the
distance from a center point 32 that lies inside the
second curve 28. The second curve has a radius of
curvature defined by the same distance butfrom a
different center point 30, which lies inside the first
curve 26. In FIG. 7, the broken-line circle identified
by reference numeral 10 identifies the outline of the
ring shown in FIGS. 1-6. The area that lies below the
intersection point 34 of the two curves 26 and 28 and
outside the ring 10 corresponds to the cross section
of the protuberance 20. FIG. 8 depicts at least one
method of how the location of the apex and the shape
of the protuberance can be determined geometrically,
in at least one embodiment. In FIG. 8, angle 44 formed
between two radii 40 and 48 of the ring 10 define an
arc 46. The geometric location of the apex 22 is on a
secant line 42 that is formed by extending a first
radii 40 of the ring 10 through the ring 10, until it
meets a line 50 that is normal to the second radii 48
where the second radii 48 meets the arc 46. Those of
ordinary skill in the art will recognize that the
actual location of the apex 22 will vary from the
depictions of FIGS. 1 -8. The description of how the
apex 22 location can be geometrically defined should
not be considered as a requirement. Rather, it is a
description that closely approximates where an apex 22
can be found on a physical embodiment of the ring 10.
Those of ordinary skill in the art will also recognize
that the cross sections of actual rings 10 would not
literally be "triangular" "parabolic" "elliptical" or
of a "dropped ogive." In actual implementations of the
claimed inventions, the linearity and curvature of
ring surfaces approximate the shapes and surfaces
described and depicted above. Turning to FIG. 9, there
is shown a substrate 80 having signal traces 82 and to
which a microelectronic device 88 is to be
electrically and mechanically coupled. The substrate
80 can be embodied as a printed circuit board, a
ceramic chip carrier or other non-conductive planar
device that supports conductive traces or pathways for
electrical signals. Electrical contact surfaces 86 of
the electronic device 88 are coupled to conductive
traces 82 of the substrate 80 by way of several of the
aforementioned conductive hollow rings 10. Each of the
conductive hollow rings 10 is soldered 83 or otherwise
electrically coupled to a corresponding conductive
trace 82 on the planar substrate 80 as well as the
electronic device 88. For purposes of clarity however,
a solder fillet between the substrate conductive
surfaces 82 is omitted but a depiction of a
representative solder fillet 83 between the ring 10
and the contact surfaces 86 of the device 88, can be
seen directly above the protuberance 20. As shown, the
protuberance of each ring 10 and the accompanying apex
22 of each protuberance 20 lies atop a conductive
surface 82 to which the rings 10 are to be soldered.
As shown in FIG. 9, there is at least one ring 10
having its protuberance 20 and apex 22sized, shaped,
located and arranged such that the apex 22 will scrape
across a the corresponding conductive trace 82 when
the electronic device 88 is urged downwardly toward
the substrate 80 thereby squeezing and deforming the
rings 10. While the embodiment of FIG. 9 shows the
axis of rotation 14 of each ring 10 extending into the
plane of the paper, alternate and equivalent
embodiments include having the rings 10 arranged so
that their axes of rotations 14 lie in the plane of
the paper. In such an embodiment, the axes of rotation
14, along at least one edge of a device, would be
substantially co-linear. In yet another embodiment,
the axes of rotation 14 of each ring can be oriented
at random or in a radial pattern as illustrated in
FIG. 14. The axes of rotation 14 are however
preferably parallel to the surface of at least one of
the substrate 80 and the device 88 so that the rings
10 are not canted or angled so as to maximize the
surfaces by which the solder can join the parts
together. When used to join components to substrates,
the rings 10 preferably include two solder barrier
strips or bands of nickel-plating 68, 70 that run
along the side of the ring 10 from one 



open end to the other. The nickel bands 68 and 70
prevent solder from wicking all the way around the
ring thereby insuring that at least part of flexible
ring side wall will not be soldered and remain pliant.
FIG. 10 depicts a single conductive hollow ring 10 of
a multi-ring connector 2 positioned above a
substantially planar sheet of non-conductive flexible
film 60, such as a polyimide film and equivalents
thereof. The film 60 is cut or formed so that film
material is selectively removed such that the removed
film material forms the shape of the letter "H." In
FIG. 10, this H-shaped opening 62 is seen to have a
center base portion that interconnects two
spaced-apart leg portions, which cooperatively define
two small, flap-like extensions of film material 64,
66 that extend into the center of the H opening 32.
These flaps of film material 64 and 66 are free of the
film 60 on three sides, they can also be considered to
be cantilevered from the film 60 and opposing each
other. If the flexible film 60 is appropriately
selected to be appropriately resilient, the opposing
flaps 64 and 66 will deflect "downward" when the ring
10 is pushed "into" the H opening 62, thereby allowing
the ring 10 to be inserted into and loosely carried by
the film 60. As shown in FIG. 11, when the ring 10 is
pushed half-way through the film 30, its perimeter
will clear the flaps 64 and 66, allowing them to
spring back to their original position. The H opening
62 therefore holds the ring 10 half-way through the
sheet 60. The body of each ring is aligned with the
H-shaped opening base portion, and by locating the
protuberances ofseveral rings 10 below or above the
sheet, their placement against a surface is assured.
After the rings 10 are inserted into the cut-outs 62,
the flaps 64 and 66 will thereafter loosely hold the
ring 10 in place by the flaps 64 and 66 extending into
the interior 18 of the ring 10. By forming several
H-shaped openings 62 in a sheet of non-conductive
material, such as a polyimide film, several of the
rings 10 can be held in place and orientied with
respect to each other. Those of ordinary skill in the
art should appreciate that the ability of the film 30
to fix hollow conductive rings 10 will depend on the
relative size of the rings and openings 62 with
respect to each other. The conductive hollow ring 10
and the H-shaped openings 62 are each sized and shaped
such that they can be cooperatively engaged to each
other when the conductive hollow ring 10 is inserted
and positioned in the opening 62. In yet another
alternate embodiment, the interior volume of a ring 10
can be partially or completely filled with a
resilient, non-conductive material such as silicone.
Solder fillets can mechanically and electrically
attach the ring 10 to a substrate 8 but by filling the
interior ring space with a resilient material, the
ring's strength can be increased while preventing
solder from flowing into the interior space 18 by
either wicking or capillary action. FIG. 12 shows a
side view of an electronic device 88, such as a
microprocessor die, mounted to a substrate 80 using
several conductive rings 10 held in place by way of
the aforementioned conductive sheet 30. Those of
ordinary skill in the art will appreciate that the
electrical connections between the device 88 and the
substrate 80 traces (not shown) are improved by the
scrubbing action of the protuberances 20 described
above. In addition to providing improved electrical
connection, the rings 10 provide a relatively flexible
joint by which vibration and flexing of the substrate
80 is less likely to cause an electrical connection to
be broken. In the preferred embodiments, the hollow,
conductive rings are preferably made from
electronically conductive metals that will also accept
a solder barrier. Copper, silver and gold are
excellent conductors and can be alloyed with other
metals that can provide good resilience; they can also
be locally plated with solder-barrier metals such as
nickel. The rings 10 can also be formed from
metal-plated plastics. The rings 10 are preferably
formed using an electroforming process, which is well
known in the electronics art. The rings 10 can also be
formed using known lithographic techniques. Ring 10
dimensions as small as 500 micrometers are possible
although larger-dimensioned rings, e.g., up to 1000
micrometers and beyond, are easier to handle for many
applications.It will be understood that the invention
disclosed and claimed herein may be embodied in other
specific forms without departing from the spirit
thereof. For example, while the foregoing discussed
compliant hollow rings 10 that are formed to have a
single protuberance 20 and that the protuberance forms
a single apex 22, at least one alternate and
equivalent embodiment includes a ring 10 formed with a
protuberance having multiple apexes or scrubbing
points 22. Yet another embodiment includes a ring 10
formed to have multiple protuberances 20, each of
which having one or more points or apexes 22 such that
when the ring is radially compressed it will scrub
surfaces at multiple points as the ring is compressed.
Such an alternate embodiment would provide a ring 10
that can also scrub contact surfaces on both the
substrate and the device that the ring 10 couples to
the substrate. The contacts of the present invention
may be used in interposer applications, such as is
shown in FIG. 14 where a plurality of contacts 200 are
arranged in a radial-style pattern on a substrate 202.
Because the contacts have hollow openings, they
provide improved thermal performance because the
openings serve as air paths, shown by the arrow 204 of
FIG. 14. The contacts may be used in socket and other
types of applications. FIG. 15 is an end view of
another spring contact 300 in the form of a continuous
ring constructed in accordance with the principles of
the present invention. In this embodiment, the ring
300 has a pair of raised areas 302, 303. These areas
include a plurality of wiper arms 304 that extend
generally radially outwardly from the exterior
surfaces of the ring, rather than a single raised
member such as the protuberance described above. The
wiper arms 305 are spaced apart from each other
lengthwise along the ring. The body of the ring may be
thicker in the areas that support the wiper arms than
the sides of the ring as shown.What is claimed is: 1.
A spring contact for interconnecting a circuit of an
electronic device to a circuit on a planar mounting
surface, comprising:: a continuous ring formed from
pliant material that extends around a geometric point,
the ring having a body that encloses an hollow
interior, the body including an interior surface and
an exterior surface, at least one protuberance
extending from the ring body exterior surface, the
protuberance having two sides that lead from said ring
body exterior surfaces of a point of intersection to
thereby define an apex thereof. 2. The spring contact
of claim 1, wherein said ring apex moves linearly when
said ring is subjected to a compressive force. 3. The
spring contact of claim 1, wherein said protuberance
has a cross section substantially in the shape of a
dropped ogive. 4. The spring contact of claim 3,
wherein the dropped ogive has an apex that is located
substantially on the secant of a first arc, said
secant of a first arc being formed by extending one
radius of a sector of an arc that lies on a circular
cross section of the ring, until the extension of the
one radius meets a line that is substantially normal
to a second radius of the cross section of the ring,
at the point where the second radius meets the first
arc. 5. The spring contact of claim 1, wherein the
cross section of said protuberance has the shape of a
parabolic segment. 6. The spring contact of claim 1,
further including a non-conductive sheet having an
Hshaped opening formed therein, the H-shaped opening
defining first and second flaps, the ring body being
received within said H-shaped opening and the first
and second carrier flaps extending at least part way
into said ring hollow interior. 7. The spring contact
of claim 6, wherein the includes a sheet of polyimide
film.8. The spring contact of claim 6, wherein said
sheet is formed form a flexible material. 9. The
spring contact of claim 1, wherein said ring includes
a metal ring. 10. The spring contact of claim 1,
wherein said ring includes a plastic ring, the
exterior surfaces of which are conductively coated.
11. The spring contact of claim 1, wherein said ring
is formed lithographically. 12. The spring contact of
claim 1, wherein said ring body includes first and
second solder barriers disposed on at least said
exterior surface thereof and spaced apart from each
other along a circumference of said ring. 13. The
spring contact of claim 12, wherein said first and
second solder barriers are disposed generally opposite
each other on said ring circumference. 14. The spring
contact of claim 12, wherein said the solder barriers
are formed from nickel. 15. The spring contact of
claim 1, wherein said ring has a diameter between
approximately 500 micrometers and 1500 micrometers.
16. The spring contact of claim 1, wherein said ring
includes an enlarged base portion that is disposed
opposite said protuberance. 17. A substrate for
connecting to an electronic device comprising: a
planar substrate including a plurality of conductive
traces that are capable of carrying electrical
signals; a plurality of conductive hollow rings, each
ring being coupled to at least one conductive trace on
the planar substrate, each ring being formed from a
pliant material that extends around a geometric point
and which includes a hollow interior; the rings having
protuberances extending from exterior surfaces
thereof, said protuberances having apexes which are
located on said ring exterior surfaces andarranged
such that the apexes move linearly when an electronic
device is pressed down upon said rings. 18. The
substrate of claim 17, wherein said protuberance has a
cross section in the shape of a dropped ogive. 19. The
substrate of claim 17, further including a
non-conductive sheet including a plurality of H-shaped
openings disposed therein, each H-shaped opening
defining opposing first and second carrier flaps of
the sheet, each of said H-shaped openings receiving a
single ring therein, the first and second carrier
flaps extending into said ring hollow interiors. 20.
The substrate of claim 17, wherein said sheet includes
a sheet of flexible film. 21. The substrate of claim
17, wherein said protuberances include a plurality of
wiper arms spaced apart from each other and extending
outwardly from exterior surfaces of said ring body. 


