
9-AMINOCARBONYLSUBSTITUTED DERIVATIVES OF
GLYCYLCYCLINES This application claims priority from
U.S. Application No.60/71 3,1 12 filed August 31, 2005
the entire disclosure of which is incorporated herein
by reference. FIELD OF THE INVENTION The present
invention relates to 9-aminocarbonylsubstituted
derivatives of glycylcyclines which are useful as
antibiotic agents and exhibit antibacterial activity
against a wide spectrum of organisms including
organisms which are resistant to tetracyclines and
other antibiotics. BACKGROUND OF THE INVENTION Since
1947 a variety of tetracycline antibiotics have been
synthesized and described for the treatment of
infectious diseases in man and animals. Tetracyclines
inhibit protein synthesis by binding to the 3OS
subunit of the bacterial ribosome preventing binding
of aminoacyl RNA (Chopra, Handbook of Experimental
Pharmacology, Vol. 78, 317-392, Springer-Verlag,
1985). Resistance to tetracyclines has emerged among
many clinically important microorganisms which limit
the utility of these antibiotics. There are two major
mechanisms of bacterial resistance to tetracyclines:
a) energy-dependent efflux of the antibiotic mediated
by proteins located in the cytoplasmic membrane which
prevents intracellular accumulation of tetracycline
(S. B. Levy, et al., Antimicrob. Agents Chemotherapy
33, 1373-1374 (1989); and b) ribosomal protection
mediated by a cytoplasmic protein which interacts with
the ribosome such that tetracycline no longer binds or
inhibits protein synthesis (A. A. Salyers, B. S.
Speers and N. B. Shoemaker, MoI. Microbiol, 4:151-
156, 1990). The efflux mechanism of resistance is
encoded by resistance determinants designated
tetA-tetL. They are common in many Gram-negative
bacteria (resistance genes Class A-E), such as
Enterobacteriaceae, Pseudomonas, Haemophilus and
Aeromonas, and in Gram- positive bacteria (resistance
genes Class K and L), such as Staphylococcus, Bacillus
and Streptococcus. The ribosomal protection mechanism
of resistance is encoded by resistance determinants
designated TetM, N and O, and is common in
Staphylococcus, Streptococcus,Campylobacter,
Gardnerella, Haemophilus and Mycoplasma (A. A.
Salyers, B. S. Speers and N. B. Shoemaker, MoI.
Microbiol, 4:151-156 1990). A particularly useful
tetracycline compound is 7-(dimethylamino)-
6-demethyl- 6-deoxytetracycline, known as minocycline
(see U.S. Pat. No. 3,148,212, U.S. Pat. No. RE 26,253
and U.S. Pat. No. 3,226,436 discussed below). However,
strains harboring the tetB (efflux in gram-negative
bacteria) mechanism, but not tetK (efflux in
Staphylococcus) are resistant to minocycline. Also,
strains carrying tetM (ribosomal protection) are
resistant to minocycline. Duggar, U.S. Pat. No.
2,482,055, discloses the preparation of
Aureomycin.RTM. by fermentation which have
antibacterial activity. Growich et al., U.S. Pat. No.
3,007,965, disclose improvements to the fermentation
preparation. Beereboom et al., U.S. Pat. No. 3,043,875
discloses tetracycline derivatives Boothe et al., U.S.
Pat. No. 3,148,212, reissued as U.S. Pat. No. RE
26,253, and Petisi et al., U.S. Pat. No. 3,226,436,
discloses tetracycline derivatives which are useful
for treating bacterial infections. Blackwood et al.,
U.S. Pat. No. 3,200,149 discloses tetracycline
derivatives which possess microbiological activity.
Petisi et al., U.S. Pat. No. 3,338,963 discloses
tetracycline compounds which have broad-spectrum
antibacterial activity. Bitha et al., U.S. Pat. No.
3,341 ,585 discloses tetracycline compounds which have
broad-spectrum antibacterial activity. Shu, U.S. Pat.
No. 3,360,557 discloses 9- hydroxytetracyclines which
have been found to possess antibacterial activity.
Zambrano, U.S. Pat. No. 3,360,561 discloses a process
for preparing 9-nitrotetracyclines. Martell et al.,
U.S. Pat. No. 3,518,306 discloses tetracyclines which
possess in vivo antibacterial activity. In U.S. Pat.
No. 5,021,407 a method of overcoming the resistance of



tetracycline resistant bacteria is disclosed. The
method involves utilizing a blocking agent compound in
conjunction with a tetracycline type antibiotic. This
patent does not disclose novel tetracycline compounds
which themselves have activity against resistant
organisms. Described in U.S. Pat. No. 5,494,903 are
7-substituted-9-
substitutedamino-6-demethyl-6-deoxytetracyclines which
have broad spectrum antibacterial activity. Despite
the advances being made to overcome the resistance of
tetracycline resistant bacteria, there remains a need
for newer and better antibiotics to overcomethe
increasing incidence of resistance. The present
invention provides such antibiotics. In summary, none
of the above patents teach or suggest the novel
derivatives of glycylcyclines of this application.
SUMMARY OF THE INVENTION This invention is concerned
with 9-aminocarbonylsubstituted derivatives of
glycylcyclines represented by Formula I which have
antibacterial activity; with methods of treating
infectious diseases in humans and other animals when
administering these new compounds; with pharmaceutical
preparations containing these compounds; and with
novel processes for the production of compounds of
Formula I . In accordance with the present invention,
there is provided compounds represented by Formula
(I); (I) wherein: A is a moiety or is absent; R -I is
selected from hydrogen, -OH, amino, -NR7R8,
halogen,alkyl of 1 to 12 carbon atoms, optionally
substituted with 1 to 3 substituents independently
selected from the group halogen, amino, cyano,
cycloalkyl of 3 to 6 carbon atoms, alkyl of 1 to 12
carbon atoms, phenyl, hydroxyl, alkoxy of 1 to 12
carbon atoms, N-alkyl of 1 to 12 carbon atoms,
N-cycloalkyl of 3 to 6 carbon atoms, heterocyclyl of 3
to 8 ring atoms, aryl, aryloxy and N-(alkyl of 1 to 12
carbon atoms)- aryl, wherein said aryl, aryloxy and
aryl of N-(alkyl of 1 to 12 carbon atoms)-aryl may
optionally be substituted with 1 to 3 substituents
independently selected from halogen, nitro, cyano,
alkenyl, hydroxyl, alkyl, haloalkyl, alkoxy, amino,
alkylamino, dialkylamino, carboxyl, alkoxycarbonyl,
aryl-C(O)-, CH3-C(O)-NH-, aralkyl, aryloxy,
heterocyclyl and phenyl, alkenyl of 2 to 12 carbon
atoms optionally substituted with 1 to 3 substituents
independently selected from the group phenyl,
heteroaryl, halogen, amino, cyano, alkyi, hydroxyl,
alkoxy, aryl, alkynyl and N-(alkyl of 1 to 12 carbon
atoms)-aryl, wherein said aryl and aryl of N-(alkyl of
1 to 12 carbon atoms)-aryl may optionally be
substituted with 1 to 3 substituents independently
selected from halogen, nitro, cyano, alkenyl,
hydroxyl, alkyl, haloalkyl, alkoxy, amino, alkylamino,
dialkylamino, carboxyl, alkoxycarbonyl, aryl-C(O)-,
CH3-C(O)-NH-, aralkyl, aryloxy, heterocyclyl and
phenyl, and alkynyl of 2 to 12 carbon atoms optionally
substituted with 1 to 3 substituents independently
selected from the group halogen, amino, cyano, alkyl,
hydroxyl, and alkoxy; R2 is selected from hydrogen,
halogen, alkyl of 1 to 12 carbon atoms, optionally
substituted with 1 to 3 substituents independently
selected from the group halogen, amino, cyano,
cycloalkyl of 3 to 6 carbon atoms, alkyl of 1 to 12
carbon atoms, phenyl, hydroxyl, alkoxy of 1 to 12
carbon atoms, N-alkyl of 1 to 12 carbon atoms,
Ncycloalkyl of 3 to 6 carbon atoms, heterocyclyl of 3
to 8 ring atoms, aryl, aryloxy and N-(alkyl of 1 to 12
carbon atoms)-aryl, wherein said aryl, aryloxy and
aryl of N-(alkyl of 1 to 12 carbon atoms)-aryl may
optionally be substituted with 1 to 3 substituents
independently selected from halogen, nitro, cyano,
alkenyl, hydroxyl, alkyl, haloalkyi, alkoxy, amino,
alkylamino, dialkylamino, carboxyl, alkoxycarbonyl,
aryl-C(O)-, CH3- C(O)-NH-, aralkyl, aryloxy,
heterocyclyl and phenyl, alkenyl of 2 to 12 carbon
atoms 



optionally substituted with 1 to 3 substituents
independently selected from the group phenyl,
heteroaryl, halogen, amino, cyano, alkyl, hydroxyl,
alkoxy, aryl, alkynyl and N-(alkyl of 1 to 12 carbon
atoms)-aryl, wherein said aryi and aryl of N-(alkyl of
1 to 12carbon atoms)-aryl may optionally be
substituted with 1 to 3 substituents independently
selected from halogen, nitro, cyano, alkenyl,
hydroxyl, alkyl, haloalkyl, alkoxy, amino, alkylamino,
dialkylamino, carboxyl, alkoxycarbonyl, aryl-C(O)-,
CH3- C(O)-NH-, aralkyl, aryloxy, heterocyclyl and
phenyl, and alkynyl of 2 to 12 carbon atoms optionally
substituted with 1 to 3 substituents independently
selected from the group halogen, amino, cyano, alkyl,
hydroxyl, and alkoxy; R3 is the moiety Rg, R4 is
selected from hydrogen, alkyl of 1 to 12 carbon atoms,
optionally substituted with 1 to 3 substituents
independently selected from the group halogen, amino,
cyano, cycloalkyl of 3 to 6 carbon atoms, alkyl of 1
to 12 carbon atoms, phenyl, hydroxyl, alkoxy of 1 to
12 carbon atoms, N-alkyl of 1 to 12 carbon atoms,
Ncycloalkyl of 3 to 6 carbon atoms, heterocyclyl of 3
to 8 ring atoms, aryl, aryloxy and N-(alkyl of 1 to 12
carbon atoms)-aryl, wherein said aryl, aryloxy and
aryl of N-(alkyl of 1 to 12 carbon atoms)-aryl may
optionally be substituted with 1 to 3 substituents
independently selected from halogen, nitro, cyano,
alkenyl, hydroxyl, alkyl, haloalkyl, alkoxy, amino,
alkylamino, dialkylamino, carboxyl, alkoxycarbonyl,
aryl-C(O)-, CH3- C(O)-NH-, aralkyl, aryloxy,
heterocyclyl and phenyl, alkenyl of 2 to 12 carbon
atoms optionally substituted with 1 to 3 substituents
independently selected from the group phenyl,
heteroaryl, halogen, amino, cyano, alkyl, hydroxyl,
alkoxy, aryl, alkynyl and N-(alkyl of 1 to 12 carbon
atoms)-aryl, wherein said aryl and aryl of N-(alkyl of
1 to 12 carbon atoms)-aryl may optionally be
substituted with 1 to 3 substituents independently
selected from halogen, nitro,cyano, alkenyl, hydroxyl,
alkyl, haloalkyl, alkoxy, amino, alkylamino,
dialkylamino, carboxyl, alkoxycarbonyl, aryl-C(O)-,
CH3-C(O)-NH-, aralkyl, aryloxy, heterocyclyl and
phenyl, alkynyl of 2 to 12 carbon atoms optionally
substituted with 1 to 3 substituents independently
selected from the group halogen, amino, cyano, alkyl,
hydroxyl, and alkoxy, aryl of 6, 10 or 14 carbon atoms
said aryl optionally substituted with 1 to 3
substituents independently selected from halogen,
nitro, cyano, alkenyl, hydroxyl, alkyl, haloalkyl,
alkoxy, amino, alkylamino, dialkylamino, carboxyl,
alkoxycarbonyl, aryl-C(O)-, CH3-C(O)-NH-, aralkyl,
aryloxy, heterocyclyl and phenyl, N-(alkyl of 1 to 12
carbon atoms)-aryl, said aryl optionally substituted
with 1 to 3 substituents independently selected from
halogen, nitro, cyano, alkenyl, hydroxyl, alkyl,
haloalkyl, alkoxy, amino, alkylamino, dialkylamino,
carboxyl, alkoxycarbonyl, aryl-C(O)-, CH3-C(O)-NH-,
aralkyl, aryloxy, heterocyclyl and phenyl, aralkyl of
7 to 16 carbon atoms optionally substituted, aroyl of
7 to 13 carbon atoms optionally substituted, SR3,
heteroaryl optionally substituted and
heteroarylcarbonyl optionally substituted; R5 is
selected from alkyl of 1 to 12 carbon atoms optionally
substituted with 1 to 3 substituents independently
selected from the group halogen, amino, cyano,
cycloalkyl of 3 to 6 carbon atoms, alkyl of 1 to 12
carbon atoms, phenyl, hydroxyl, alkoxy of 1 to 12
carbon atoms, N-alkyl of 1 to 12 carbon atoms,
N-cycloalkyl of 3 to 6 carbon atoms, heterocyclyl of 3
to 8 ring atoms, aryl of 6, 10 or 14 carbon atoms,
aryloxy and N-(alkyl of 1 to 12 carbon atoms)-aryl,
wherein said aryl, aryloxy and aryl of N-(alkyl of 1
to 12 carbon atoms)-aryl, may be optionally
substituted with 1 to 3 substituents independently
selected from halogen, nitro, cyano, alkenyl,
hydroxyl, aikyl, haloalkyl, alkoxy, amino, alkylamino,
dialkylamino, carboxyl, alkoxycarbonyl, aryl-C(O)-,
CH3- C(O)-NH-, aralkyl, aryloxy, heterocyclyl and
phenyl, aralkyl of 7 to 16 carbon atoms optionally
substituted, aroyl, -CH2(CO)OCH2aryl, said aryl
optionally substituted with 1 to 3 substituents
independently selected from halogen, nitro, cyano,
alkenyl, hydroxyl, alkyl, haloalkyl, alkoxy, amino,
alkylamino, dialkylamino, carboxyl, 



alkoxycarbonyl, aryloxy and phenyl, alkenyl of 2 to 12
carbon atoms optionally substituted, heteroaryl
optionally substituted, aryl of 6, 10 or 14 carbon
atomsoptionally substituted, aikynyl of 2 to 12 carbon
atoms optionally substituted, cycloalkyl 3 to 6 ring
atoms, aryl-CH=CH-, cycloalkyl-alkyl; and adamantyl;
R6 is selected from hydrogen, alkyl of 1 to 12 carbon
atoms optionally substituted with 1 to 3 substituents
independently selected from the group halogen, amino,
cyano, cycloalkyl of 3 to 6 carbon atoms, alkyl of 1
to 12 carbon atoms, phenyl, hydroxyl, alkoxy of 1 to
12 carbon atoms, N-alkyl of 1 to 12 carbon atoms,
Ncycloalkyl of 3 to 6 carbon atoms, heterocyclyl of 3
to 8 ring atoms, aryl, aryloxy and N-(alkyl of 1 to 12
carbon atoms)-aryl, wherein said aryl, aryloxy and
aryl of N-(alkyl of 1 to 12 carbon atoms)~aryl may
optionally be substituted with 1 to 3 substituents
independently selected from halogen, nitro, cyano,
alkenyl, hydroxyl, alkyl, haloalkyl, alkoxy, amino,
alkylamino, dialkylamino, carboxyl, alkoxycarbonyl,
aryl-C(O)-, CH3- C(O)-NH-, aralkyl, aryloxy,
heterocyclyl and phenyl, and cycloalkyl of 3 to 6
carbon atoms; R7 and R8 are each independently H or
alkyl of 1 to 12 carbon atoms or R7 and R8 when
optionally taken together with the nitrogen atom to
which each is attached form a 3 to 8 membered
heterocyclyl ring; R9 is aralkyl of 7 to 16 carbon
atoms optionally substituted or alkyl of 1 to 12
carbon atoms; R10 is H or alkyl of 1 to 12 carbon
atoms; or a pharmaceutically acceptable salt thereof.
An embodiment of this invention provides compounds of
Formula I wherein Ri is - NR7R8 , R7 is hydrogen, R8
is methyl, ethyl, n-propyl, n-butyl, 1-methylethyl, 1-
methylpropyl, 2-methylpropyl or 1,1-dimethylethyl or a
pharmaceutically acceptable salt thereof. Another
embodiment of this invention provides compounds of
Formula I wherein R1 is -NR7R8, R7 is methyl or ethyl,
R8 is methyl, ethyl, n-propyl, 1-methylethyl,
n-propyl, 1-methylpropyl, or 2-methylpropyl or a
pharmaceutically acceptable salt thereof.A further
embodiment of this invention provides compounds of
Formula I wherein R1 is -NR R8 , R7 and Raare taken
together with the nitrogen atom to which each is
attached form a 3 to 8 membered heterocyclyl ring or a
pharmaceutically acceptable salt thereof. Another
embodiment of this invention provides compounds of
Formula I wherein R2 is H or a pharmaceutically
acceptable salt thereof. Another embodiment of this
invention provides compounds of Formula I wherein A is
a moiety or a pharmaceutically acceptable salt
thereof. A further embodiment of this invention
provides compounds of Formula I wherein A is absent or
a pharmaceutically acceptable salt thereof. A further
embodiment of this invention provides compounds of
Formula I wherein R3 is a moiety or a pharmaceutically
acceptable salt thereof.A further additional
embodiment of this invention provides compounds of
Formula wherein R3 is a moiety or a pharmaceutically
acceptable salt thereof. An embodiment of this
invention provides compounds of Formula I wherein R3
is a moiety and R6 and R10 are H or a pharmaceutically
acceptable salt thereof. An additional embodiment of
this invention provides compounds of Formula I wherein
R3 is a moietyand R6 and R10 are H or a
pharmaceutically acceptable salt thereof. A further
embodiment of this invention provides compounds of
Formula I wherein R3 is R9 or a pharmaceutically
acceptable salt thereof. An additional embodiment of
this invention provides compounds of Formula I wherein
A is the moiety, 



R3 is the moiety R5 is aryl of 6 carbon atoms or a
pharmaceutically acceptable salt thereof. A further
embodiment of this invention provides compounds of
Formula I wherein A is the moiety 10R3 is the moiety ,
R4 is 1,1-dimethylethyl and R5 is aryl of 6 carbon
atoms or a pharmaceutically acceptable salt thereof.
An additional embodiment of this invention provides
compounds of Formula I wherein: A is a moietyR2 is
hydrogen; R3 is the moiety R4 is selected from alkyl
of 1 to 12 carbon atoms optionally substituted with 1
to 3 substituents independently selected from the
group halogen, amino, cyano, cycloalkyl of 3 to 6
carbon atoms, alkyl of 1 to 12 carbon atoms, phenyl,
hydroxyl, alkoxy of 1 to 12 carbon atoms, N-alkyl of 1
to 12 carbon atoms, N-cycloalkyl of 3 to 6 carbon
atoms, heterocyclyl of 3 to 8 ring atoms, aryl, and
aryloxy wherein said aryl and aryloxy is optionally
substituted with 1 to 3 substituents independently
selected from halogen, nitro, cyano, alkenyl,
hydroxyl, alkyl, haloalkyl, alkoxy, amino, alkylamino,
dialkylamino, carboxyl, alkoxycarbonyl, aryloxy and
phenyl; R5 is selected from alkyl of 1 to 12 carbon
atoms optionally substituted with 1 to 3 substituents
independently selected from the group halogen, amino,
cyano, cycloalkyl of 3 to 6 carbon atoms, alkyl of 1
to 12 carbon atoms, phenyl, hydroxyl, alkoxy of 1 to
12 carbon atoms, N-alkyl of 1 to 12 carbon atoms,
N-cycloalkyl of 3 to 6 carbon atoms, heterocyclyl of 3
to 8 ring atoms, aryl of 6, 10 or 14 carbon atoms, and
aryloxy wherein said aryl, aryloxy and aryl of
N-(alkyl of 1 to 12 carbon atoms)-aryl, may be
optionally substituted with 1 to 3 substituents
independently selected from halogen, nitro, cyano,
alkenyl, hydroxyl, alkyl, haloalkyl, alkoxy, amino,
alkylamino, diaikylamino, carboxyl, alkoxycarbonyl,
aryl-C(O)-, CH3-C(O)-NH-, aralkyl, aryloxy,
heterocyclyl and phenyl, aralkyl of 7 to 16 carbon
atoms optionally substituted, aroyl, -CH2(CO)OCH2aryl,
said aryl optionally substituted with 1 to 3
substituents independently selected from halogen,
nitro, cyano, alkenyl, hydroxyl, alkyl, haloalkyl,
alkoxy, amino, alkylamino, dialkylamino, carboxyl,
alkoxycarbonyl, aryloxy andphenyl, heteroaryl
optionally substituted, aryl of 6, 10 or 14 carbon
atoms optionally substituted, cycloalkyl 3 to 6 ring
atoms, aryl-CH=CH-, cycloalkyl-alkyl; and adamantyl;
R6 is hydrogen; R7 and R8 are each independently H or
alkyl of 1 to 12 carbon atoms; R9 is aralkyl of 7 to
16 carbon atoms optionally substituted or alkyl of 1
to 12 carbon atoms; or a pharmaceutically acceptable
salt thereof. Further embodiments of the invention are
the following specifically preferred compounds of
Formula I or pharmaceutically acceptable salts
thereof:
({[(2-{[(7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimethylam
ino)-1 ,8,10a,1 1-tetrahydroxy- 10,1
2-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(butyl)amino]carbonyl}oxy)methyl
2-methylpropanoate,
({[(2-{[(7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimethylam
ino)-1 ,8,10a,1 1-tetrahydroxy-
10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahydrotetracen-2-
yl]amino}-2- oxoethyl)(buty!)amino]carbonyl}oxy)methyl
4-methoxybenzoate, ({[(2-{[(7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11-tetrahydroxy-
10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahydrotetracen-2-
yl]amino}-2- oxoethyl)(butyi)amino]carbonyl}oxy)methyl
4-methylbenzoate,({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocar
bonyl)-4,7-bis(dimethylamino)-1,8,10a,1 1-
tetrahydroxy-1 0,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(buty!)amino]carbonyl}oxy)methyl
4-fluorobenzoate, 



({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,1
Oa, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
4-methylbenzoate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- tetrahydroxy-1 0,12-dioxo-5,5a,6,6a,7,
10,10a, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
4-methoxybenzoate, ({^-{[(SaR.
baSys.iOaS^g-CaminocarbonylHy-bis(dimethylamino)-1 ,8,
10a, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yi]amino}-2-
oxoethyl)(propyi)amino]carbonyl}oxy)methyl
cyclobutanecarboxylate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- tetrahydroxy-1 0,12-dioxo-5,5a,6,6a,7,
10,10a,12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(propy!)amino]carbonyl}oxy)methyl
4-fluorobenzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a, 11- tetrahydroxy-1 0,1
2-dioxo-5, 5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl pivalate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a,1 1- tetrahydroxy-1
0,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
2-methylpropanoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(propyi)amino]carbonyl}oxy)methyl
phenylacetate,({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- tetrahydroxy-10,12-dioxo- d a q
a.T.10.10a.12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(butyi)amino]carbonyl}oxy)methyl
phenylacetate, ({[(2-{[(5aR,6aS
I7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1,8
,10a,1 1- tetrahydroxy-1 0,12-dioxo-5,5a,6,6a,7,
10,10a, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(butyl)amino]carbonyl}oxy)methy! pivalate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 I8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2- oxoethyl)(butyl)ami
po]carbonyl}oxy)methyl heptanoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a,1 1- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7,1 0,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(butyl)amino]carbonyl}oxy)methyl
cyclobutanecarboxylate, ({^-{[(SaR.eaSJS.10aS^
^aminocarbonylHy-bis(dimethylamino)-1 ,8, 10a, 11-
tetrahydroxy-1 0,1 2-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl heptanoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonylH,7-bis(dime
thylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(butyl)amino]carbonyl}oxy)methyl
4-tert-butylbenzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(butyl)amino]carbonyl}oxy)methyl
1,1'-biphenyl-4-carboxylate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(anninocarbonyl)-4,7-bis(d
imethylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(butyl)amino]carbonyl}oxy)methyl
3,5-dimethylbenzoate,({[(2-{[(5aR,6aS,7S,10aS)-9-(amin
ocarbonyl)-4,7-bis(dimethylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyc
lrotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
1,1'-biphenyl-4-carboxylate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
3,5-dimethylbenzoate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- tetrahydroxy-10,12-dioxo- d
da.e.baJ.10JOa.12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
4-tert-butylbenzoate, 



1-({[(2-{[(7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(butyl)amino]carbonyi}oxy)ethy! acetate,
({[(2-{[(7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimethy)am
ino)-1,8,10a,1 1-tetrahydroxy- 10,1
2-dioxo-5,5a,6,6a,7,
10,10a112-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
cyclohexanecarboxyiate,
({[(2-{[(7S,10aS)-9-(aminocarbony))-4,7-bis(dimethy!am
ino)-1 ,8,10a,1 1-tetrahydroxy-
10,12-dioxo-5,5a,6,6a,7,10/i0a,12-octahydrotetracen-2-
yl]amino}-2- oxoethyl)(butyl)amino]carbonyl}oxy)methyl
cyclohexanecarboxyiate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
3,3-dimethylbutanoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(butyl)amino]carbonyl}oxy)methyl
3,3-dimethylbutanoate,({[(2-{[(5aR,6aS,7S,10aS)-9-(ami
nocarbonyl)-4,7-bis(dimethylannino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
2,2-dimethylbutanoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamlno)-1 ,8,10aI11- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethy))(butyl)amino]carbonyl}oxy)methyl
cyclopentylacetate, ({[(2-{[(5aR,6aS
I7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1
,8,10aI11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(butyl)amino]carbonyl}oxy)methyl
adamantane-1-carboxylate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
cyclopentylacetate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
adamantane-1-carboxylate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
3,3-dimethylbutanoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
4-tert-butylbenzoate, ({^-{[(SaR.eaSJS.10aS^
-Caminocarbonyl)-4,7-bis(dimethylamino)-1 ,8, 10a, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
2,2-dimethylbutanoate,({[(2-{[(5aR,6aS,7S,10aS)-9-(ami
nocarbonyl)-4,7-bis(dimethylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
2-methylpropanoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a
>7,10,10a,12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methy!
cyclopentanecarboxylate, (^-{[( daR.
aS.ZS.10aS^-Caminocarbonyl)-4,7-bis(dimethylaminoJ-i.
b.iOa.Htetrahydroxy- 1 0,1 2-dioxo-5,5a,6,6a,7, 10,
10a, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
4-methylbenzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbony!)-4,7-bis(di
methylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-y)]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyi
heptanoate, and ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethy)amino)-1 ,8,
10a, 11- tetrahydroxy-1 0,1 2-dioxo-5,5a,6,6a,7,1 0,1
Oa, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
4-methoxybenzoate. 



Further embodiments of the invention are the following
specifically preferred compounds of Formula I or
pharmaceutically acceptable salts thereof: benzyl
2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimeth
ylamino)-1 ,8,1 0a,1 1- tetrahydroxy-1
0,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl(propyl)carbamate, ethyl
2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimeth
ylamino)-1 ,8,10a,1 1- tetrahydroxy-10,12-dioxo- d a
.daJJO.10a.12-octahydrotetracen-2-yl]amino}-2-
oxoethyl(propyl)carbamate, andisobutyl 2-{[(5aR,6aS,7S
I10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)- 1,8,
10a, 11-tetrahydroxy-1 0,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-
yl]amino}-2-oxoethyl(propyl)carbamate. Additional
further embodiments of the invention are the following
specifically preferred compounds of Formula I or
pharmaceutically acceptable salts thereof:
({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a111- tetrahydroxy-1 0,1 2-dioxo-5,5a,6,6a,7,1 0,1
Oa, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(butyl)amino]carbonyl}oxy)methyl
thiophene-2-carboxylate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1, 8,10a, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
thiophene-2-carboxylate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a, 11- tetrahydroxy-1
0,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl
thiophene-3-carboxylate, ({^-{[(SaR. daS S 10aS -
-laminocarbonyl)-4,7-bis(dimethylaminol-i.
d.iOa.Htetrahydroxy-
10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahydrotetracen-2-
yl]amino}-2- oxoethyl)(butyl)amino]carbonyl}oxy)methy!
thiophene-3-carboxylate, ({^-{[( aR.eaSJS.10aSJ-
^aminocarbonylMJ-bisfdimethylaminoJ-i. d Oa.i i -
tetrahydroxy-1 0,1 2-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(butyl)amino]carbonyl}oxy)methyl 2-furoate,
and
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(propyl)amino]carbonyl}oxy)methyl 2-furoate.
Further embodiments of the invention are the following
specifically preferred compounds of Formula I or
pharmaceutically acceptable salts thereof:({[(2-{[(5aR
I6aS,7S I10aS)-9-(aminocarbonyl)-4
>7-bis(dimethylamino)-1 f8I10a,1 1- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7,1
0,10a,12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
propionate, ({[(2-{[(5aR,6aS,7S
I10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1,8,10
a,1 1- tetrahydroxy-1 0,1 2-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
cyclohexanecarboxylate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7,1
0,10a,12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
3,5-dimethylbenzoate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a,11- tetrahydroxy-1 0,1 2-dioxo-5, 5a,6,6a, 7,1 0,1
0a,12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
4-fluorobenzoate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- tetrahydroxy-1 0,1 2-dioxo-5, 5a,6,6a, 7,1
0,1 Oa, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
3-methylbutanoate, ({ -{[(SaR eaS S OaS
-Caminocarbonyl)-4,7-bis(dimethylamino^t d.iOa.i i -
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
cyclopentylacetate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
4-(trifiuoromethyl)benzoate, 



({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
cyclopropanecarboxylate,({[(2-{[(5aR,6aS,7S,10aS)-9-(a
minocarbonyl)-4,7-bis(climethylamino)-1 I8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10.10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
adamantane-1-carboxylate, butyl
2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyI)-4,7-bis(dimeth
ylamino)-1 ,8,1 Oa, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2- oxoethy I(tert-butyl)ca
rbamate , isobutyl
2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimeth
ylamino)-
1,8,10a,11-tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a
,12-octahydrotetracen-2-
yl]amino}-2-oxoethyl(tert-butyl)carbamate, methyl
2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimeth
ylamino)-1 ,8,10a, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl(tert-butyl)carbamate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethy!)(tert-butyl)amino]carbonyl}oxy)methy!
pentanoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a,1 1- tetrahydroxy-1
0,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
cyclobutanecarboxylate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a,1 1- tetrahydroxy-10,12-dioxo- d
a d.daJ.IO.10a.12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
3-cyclohexylpropanoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a,1 1- tetrahydroxy-1 0,12-dioxo-
d,da,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
(4-fluorophenoxy)acetate,({[(2-{[(5aR,6aS,7S,10aS)-9-(
atninocarbonyl)-4,7-bis(dimethylamino)-1,8,10a,1 1-
tetrahydroxy-1 0,1 2-dioxo-5,5a,6,6a,7,10,10a,1
2-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
cyclohexylacetate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1
,8,1Oa1H -
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyi
2,6-dimethylbenzoate, ({[(2-{[(5aR,6aS,7S
!10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1,8,10
a,11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
phenylacetate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1, d,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-buty!)amino]carbonyl}oxy)methyl
pivalate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- tetrahydroxy-10,1 2-dioxo-5,
5a,6,6a,7, 10,10a, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
1,1'-biphenyl-4-carboxylate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a,11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
1-naphthoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
2-naphthoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- tetrahydroxy-10,12-dioxo- a
qaJ.IC10a.12-octahydrotetracen-2-y^annino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
2,6-difluorobenzoate,({[(2-{[(5aR,6aS,7S,10aS)-9-(amin
ocarbonyl)-4 7-bis(dimethylamino)-1,8,10a,1 1-
tetrahyciroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahy
drotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
2-fluorobenzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- 



tetrahydroxy-1 0,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
2-(trifluoromethyl)benzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methy!amino)-1 ,8,10a,11- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7, 10,1
0a,12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
1,1'-biphenyl-2-carboxylate, ({^-{[( aR.qaSJS.10aS^
-laminocarbonyl)-4,7-bis(dimethylamino)-1 ,8, 10a, 11-
tetrahydroxy-1 0,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
2,4,6-trimethylbenzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyi)(tert-butyl)amino]carbonyl}oxy)methyl
4-isopropoxybenzoate, ({^-{[( aR aS S OaS
-lanninocarbonylHy-bis(dimethylaminoVi. d Oa i i -
tetrahydroxy-1 0,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
3,4,5-trimethoxybenzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
3,5-dimethoxybenzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- tetrahydroxy-1
0,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbony!}oxy)methyl
(2E)-3-phenylprop-2-enoate,({[(2-{[(5aR,6aS,7S,10aS)-9
-(aminocarbonyl)-4,7-bis(dimethylamino)-1,8,10a,1 1-
tetrahydroxy-1 0,1 2-dioxo-5,5a,6,6a,7,1 0,1 Oa
112-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl [3,5-
bis(trifluoromethy!)phenyl]acetate,
({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1,8,10a
,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
4-(heptyloxy)benzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methy!
2-(2-phenylethyl)benzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
4-(dodecyloxy)benzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1 ,8, 10a, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
4-(acetylamino)benzoate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- tetrahydroxy-1 0,1 2-dioxo-5,5a,6,6a,7,
10,10a112-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
anthracene-9-carboxylate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2- oxoethyl)(tert-buty!)amino]c
erbonyl}oxy)methyl 4-benzoylbenzoate, and
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7,1 0,1 Oa,
12-octahydrotetracen-2~yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
diphenylacetate.Additional further embodiments of the
invention are the following specifically preferred
compounds of Formula I or pharmaceutically acceptable
salts thereof:
[({[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimeth
ylamino)-1 ,8, 10a, 11- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7, 10,10a, 12-octahydrotetracen-2-
yl]amino}carbonyl)oxy]methyl 4-fluorobenzoate,
[({[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimeth
ylamino)-1 ,8,10a,1 1- tetrahydroxy-10,12-dioxo-
d,da,6,6a,7,10,10a,12-octahydrotetracen-2-
yl]amino}carbonyl)oxy]methyl 3,5-dimethylbenzoate,
[({[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- 



tetrahydroxy-1 0,12-dioxo-6, da,6,6a,7,10,1 Oa,
12-octahydrotetracen-2- yl]amino}carbonyl)oxy]methyl
pivalate, [({[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- tetrahydroxy-1 0,12-dioxo- d ,da,6,6a,7,1 0,1
0a,12-octahydrotetracen-2-
yl]amino}carbonyl)oxy]methyl 3,3-dimethylbutanoate,
[({[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimeth
ylamino)-1 ,8, 10a, 11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2- yi]amino}carbonyl)oxy]methyl
2,2-dimethylbutanoate,
[({[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimeth
ylamino^i. d.iOa.Htetrahydroxy- 1 0,1 2-dioxo-
d,da,6,6a,7,1 0,1 Oa, 12-octahydrotetracen-2-
yl]amino}carbonyl)oxy]methyl 2-ethylbutanoate,
[({[(daR;6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a,1 1- tetrahydroxy-1 0,1 2-dioxo- d,da,6,6a,7,
10,10a, 12-octahydrotetracen-2-
yl]amino}carbonyl)oxy]methyl
thiophene-2-carboxylate,[({[(5aR,6aS,7S,10aS)-9-(amino
carbonyl)-4,7-bis(dimethylamino)-1 ,8,10a,1 1-
tetrahydroxy-1 0,12-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2- yl]amino}carbonyl)oxy]methyl
cyclopentylacetate, and
[({[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimeth
ylamino)-1 ,8,10a,1 1- tetrahydroxy-10^-dioxo-S. da
daJ.10.10a.12-octahydrotetracen-2-
yl]amino}carbonyl)oxy]methyl 4-tert-butylbenzoate.
Further embodiments of the invention are the following
specifically preferred compounds of Formula I or
pharmaceutically acceptable salts thereof:
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1- tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7, 10,10a,
12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
1H-indole-2-carboxyiate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- tetrahydroxy-1 0,1 2-dioxo-5,5a,6,6a,7,
10,10a, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
nicotinate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- tetrahydroxy-1 0,12-dioxo-5, 5a,6,6a,7,10,1
0a, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
isonicotinate, ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- tetrahydroxy-1 0,1 2-dioxo-5, 5a,6,6a,7, 10,1
Oa, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
4-pyrrolidin-1-ylbenzoate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1,8,10a,1 1-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
3-methyi-1 -benzofuran-2-carboxylate,({[(2-{[(5aR,6aS
I7S,10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1,8
,10a,1 1- tetrahydroxy-1 0,1 2-dioxo-5,5a,6,6a,7,
10,10a, 12-octahydrotetracen-2-yl]amino}-2-
sxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
1-methyl-1 H-indole-3-carboxylate,
({[(2-{[(5aR,6aS,7S,10aS)-9-(aminocarbonyl)-4,7-bis(di
methylamino)-1, 8,10a,11-
tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-octahyd
rotetracen-2-yl]amino}-2- sxoethyl)(tert-butyl)amino]c
e rbonyl}oxy)methyl quinoline-2-carboxylate,
({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,
10a, 11- tetrahydroxy-1 0,12-dioxo-5,5a,6,6a,7,
10,10a, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl
1-benzofuran-2-carboxylate, and ({[(2-{[(5aR,6aS,7S,
10aS)-9-(aminocarbonyl)-4,7-bis(dimethylamino)-1 ,8,1
Oa, 11- tetrahydroxy-1 0,1 2-dioxo-5,5a,6, 6a,7,10,
10a, 12-octahydrotetracen-2-yl]amino}-2-
oxoethyl)(tert-butyl)amino]carbonyl}oxy)methyl-1
-methyl-1 H-pyrrole-2- carboxylate. Further
embodiments of the invention are the following
specifically preferred compounds of Formula I or
pharmaceutically acceptable salts thereof:
(5-methyl-2-oxo-1 ,3-dioxol-4-yl)methyl 2-{[(7S,1
0aR)-9-(aminocarbonyl)-4,7-
bis(dimethylamino)-1,8,10a,1
1-tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-
octahydrotetracen-2-yl]amino}-2-oxoethyl(propyl)carbam
ate, 



(5-methyl-2-oxo-1 ,3-dioxol-4-yl)methyl
2-{[(7S,10aS)-9-(aminocarbonyl)-4,7-
bis(dimethylamino)-1 ,8, 10a, 11-tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7,1 0,1 Oa, 12-
octahydrotetracen-2-yl]amino}-2-oxoethyl(butyl)carbama
te, (2-oxo-5-phenyl-1 ,3-dioxol-4-yl)methyl
2-{[(7R,10aS)-9-(aminocarbonyl)-4,7-
bis(dimethylamino)-1, 8,10a,
11-tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,1 0,10a, 12-
octahydrotetracen-2-yl]amino}-2-oxoethyl(propyl)carbam
ate,[5-(4-methoxyphenyl)-2-oxo-1 ,3-dioxol-4-yl]methyl
2-{[(7S, 10aS)-9-(aminocarbonyl)-
4,7-bis(dimethylamino)-1,8,10a,1
1-tetrahyclroxy-10,12-dioxo-5,5a 6,6a,7,10,10a,12-
octahydrotetracen-2-yl]amino}-2-oxoethyl(propyl)carbam
ate, (2-oxo-5-phenyl-1 ,3-dioxol-4-yl)methyl
2-{[(7S,10aS)-9-(aminocarbonyl)-4,7-
bis(dimethylamino)-1 ,8,1 Oa, 11-tetrahydroxy-1 0,1
2-dioxo-5,5a,6,6a,7,1 0,10a, 12-
octahydrotetracen-2-yl]amino}-2-oxoethyl(butyl)carbama
te and [5-(4-methoxyphenyl)-2-oxo-1
,3-dioxol-4-yl]methyl 2-{[(7S,
10aS)-9-(aminocarbonyl)- 4,7-bis(dimethylamino)-1
,8,10a,1
1-tetrahydroxy-10,12-dioxo-5,5a,6,6a,7,10,10a,12-
octahydrotetracen-2-yl]amino}-2-oxoethyl(butyl)carbama
te. An additional embodiment of this invention are
compounds represented by Formula (H): (II) wherein: R4
is selected from hydrogen, alkyl of 1 to 12 carbon
atoms, optionally substituted with 1 to 3 substituents
independently selected from the group halogen, amino,
cyano, cycloalkyl of 3 to 6 carbon atoms, alkyl of 1
to 12 carbon atoms, phenyl, hydroxyl, alkoxy of 1 to
12 carbon atoms, N-alkyl of 1 to 12 carbon atoms,
Ncycloalkyl of 3 to 6 carbon atoms, heterocyclyl of 3
to 8 ring atoms, aryl, aryloxy and N-(alkyl of 1 to 12
carbon atoms)-aryl, wherein said aryl, aryloxy and
aryl of N-(alkyl of 1 to 12 carbon atoms)-aryl may
optionally be substituted with 1 to 3 substituents
independently selected from halogen, nitro, cyano,
aikenyl, hydroxyl, alkyl, haloalkyl,alkoxy, amino,
alkyiamino, dialkylamino, carboxyl, alkoxycarbonyl,
aryl-C(O)-, CH - C(O)-NH-, aralkyl, aryloxy,
heterocyclyl and phenyl, alkenyl of 2 to 12 carbon
atoms optionally substituted with 1 to 3 substituents
independently selected from the group phenyl,
heteroaryl, halogen, amino, cyano, alkyl, hydroxyl,
alkoxy, aryl, alkynyl and N-(alkyl of 1 to 12 carbon
atoms)-aryl, wherein said aryl and aryl of N-(alkyl of
1 to 12 carbon atoms)-aryl may optionally be
substituted with 1 to 3 substituents independently
selected from halogen, nitro, cyano, alkenyl,
hydroxyl, alkyl, haloalkyl, alkoxy, amino, alkyiamino,
dialkylamino, carboxyl, alkoxycarbonyl, aryl-C(O)-,
CH3-C(O)-NH-, aralkyl, aryloxy, heterocyclyi and
phenyl, alkynyl of 2 to 12 carbon atoms optionally
substituted with 1 to 3 substituents independently
selected from the group halogen, amino, cyano, alkyl,
hydroxyl, and alkoxy, aryl of 6, 10 or 14 carbon atoms
said aryl optionally substituted with 1 to 3
substituents independently selected from halogen,
nitro, cyano, alkenyl, hydroxyl, alkyl, haloalkyl,
alkoxy, amino, alkyiamino, dialkylamino, carboxyl,
alkoxycarbonyl, aryl-C(O)-, CH3-C(O)-NH-, aralkyl,
aryloxy, heterocyclyl and phenyl, N-(alkyl of 1 to 12
carbon atoms)-aryl, said aryl optionally substituted
with 1 to 3 substituents independently selected from
halogen, nitro, cyano, alkenyl, hydroxyl, alkyl,
haloalkyl, alkoxy, amino, alkyiamino, dialkylamino,
carboxyl, alkoxycarbonyl, aryl-C(O)-, CH3-C(O)-NH-,
aralkyl, aryloxy, heterocyclyl and phenyl, aralkyl of
7 to 16 carbon atoms optionally substituted, aroyl of
7 to 13 carbon atoms optionally substituted, SR3,
heteroaryl optionally substituted and
heteroarylcarbonyl optionally substituted; R5 is
selected from alkyl of 1 to 12 carbon atoms optionally
substituted with 1 to 3 substituents independently
selected from the group halogen, amino, cyano,
cycloalkyl of 3 to 6 carbon atoms, alkyl of 1 to 12
carbon atoms, phenyl, hydroxyl, alkoxy of 1 to 12
carbon atoms, N-alkyl of 1 to 12 carbon atoms,
N-cycloalkyl of 3 to 6 carbon atoms, heterocyclyl of 3
to 8 ring atoms, aryl of 6, 10 or 14 carbon atoms,
aryloxy and 



N-(aikyl of 1 to 12 carbon atoms)-aryl, wherein said
aryl, aryloxy and aryl of N-(alkyl of 1 to 12 carbon
atoms)-aryl, may be optionally substituted with 1 to 3
substituents independently selected from halogen,
nitro, cyano, alkenyl, hydroxyl, alkyl, haloalkyl,
alkoxy, amino, alkyiamino, dialkylamino, carboxyl,
alkoxycarbonyl, aryl-C(O)-, CH3-C(O)-NH-, aralkyl,
aryloxy, heterocyclyl and phenyl, aralkyl of 7 to 16
carbon atoms optionally substituted, aroyl,
-CH2(CO)OCH2aryl, said aryl optionally substituted
with 1 to 3 substituents independently selected from
halogen, nitro, cyano, alkenyl, hydroxyl, alkyl,
haloalkyl, alkoxy, amino, alkylamino, dialkylamino,
carboxyl, alkoxycarbonyl, aryloxy and phenyl, alkenyl
of 2 to 12 carbon atoms optionally substituted,
heteroaryl optionally substituted, aryi of 6, 10 or 14
carbon atoms optionally substituted, alkynyl of 2 to
12 carbon atoms optionally substituted, cycloalkyl 3
to 6 ring atoms, aryl-CH=CH-, cycloalkyl-alkyl; and
adamantyl; R6 is selected from hydrogen, alkyl of 1 to
12 carbon atoms optionally substituted with 1 to 3
substituents independently selected from the group
halogen, amino, cyano, cycloalkyl of 3 to 6 carbon
atoms, alkyl of 1 to 12 carbon atoms, phenyl,
hydroxyl, alkoxy of 1 to 12 carbon atoms, N-alkyl of 1
to 12 carbon atoms, Ncycloalkyl of 3 to 6 carbon
atoms, heterocyclyl of 3 to 8 ring atoms, aryl,
aryloxy and N-(alkyl of 1 to 12 carbon atoms)-aryl,
wherein said aryl, aryloxy and aryl of N-(alkyl of 1
to 12 carbon atoms)-aryl may optionally be substituted
with 1 to 3 substituents independently selected from
halogen, nitro, cyano, alkenyl, hydroxyl, alkyl,
haloalkyl, alkoxy, amino, alkylamino, dialkylamino,
carboxyl, alkoxycarbonyl, aryl-C(O)-, CH3- C(O)-NH-,
aralkyl, aryloxy, heterocyclyl and phenyl, and
cycloalkyl of 3 to 6 carbon atoms; Rio is H or alkyl
of 1 to 12 carbon atoms; Q iS -OR 1 1 , Cl, Br or I;
R1 1 is H, benzyl optionally substituted with nitro or
a moiety of the formula Ri2 is alkyl of 1 to 6 carbon
atoms.The compounds having Formula Il are useful as
chemical intermediates for making the compounds having
formula I and the pharmaceutically acceptable salt
thereof wherein: A is a moiety and R3 is the moiety
where R and R5 are as defined above. An embodiment of
the invention provides compounds of Formula Il wherein
R4 is tbutyl, R5 is alkyl of 1 to 6 carbon atoms, and
R1 1 is benzyl optionally substituted with nitro.
Another embodiment of the invention provides compounds
of Formula Il wherein R is alkyl of 1 to 6 carbon
atoms, R5 is phenyl optionally substituted and R1 1 is
benzyl optionally substituted with nitro. An
embodiment of the invention provides compounds of
Formula Il wherein R5 is alkyl of 1 to 6 carbon atoms,
R4 is t-butyl and Ri 1 is H. A further embodiment of
the invention provides compounds of Formula Il wherein
R5 is alkyl of 1 to 6 carbon atoms, R4 is t-butyl, Q
is -OR1 1 , R11 isand R12 is alkyl of 1 to 6 carbon
atoms. Another embodiment of the invention provides
compounds of Formula Il wherein R6 and R10 are H.
Further embodiments of the invention provides the
following specifically preferred compounds of Formula
Il or pharmaceutically acceptable salts thereof.
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 4-tertbutylbenzoate,
({[[2-(benzyIoxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 2,2- dimethylbutanoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 2- methylpropanoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl cyclopentanecarboxylate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 4-methylbenzoate, 



({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl heptanoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl propionate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl
cyclohexanecarboxylate,({[[2-(benzyloxy)-2-oxoethyl](t
ert-butyl)amino]carbonyl}oxy)methyl 3,5-
dimethylbenzoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 4-fluorobenzoate,
({[[2-(benzy!oxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 3- methylbutanoate, benzyl
N-(tert-butyl)-N-({[(cyclopentylacetyl)oxy]methoxy}car
bonyl)glycinate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl A- (trifluoromethyl)benzoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl cyclopropanecarboxylate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl adamantane-1- carboxylate,
({[[2-(benzyloxy)-2-oxoethy!](tert-butyl)amino]carbony
l}oxy)methyl pentanoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl cyclobutanecarboxylate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 3- cyclohexylpropanoate, benzyl
N-(tert-butyl)-N-[({[(4-fluorophenoxy)acetyl]oxy}metho
xy)carbonyl]glycinate, benzyl
N-(tert-butyl)-N-({[(cyclohexylacetyl)oxy]methoxy}carb
onyl)glycinate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 2,6- dimethylbenzoate,benzyl
N-(tert-butyl)-N-({[(phenylacetyl)oxy]methoxy}carbonyl
)glycinate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl pivalate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 1-benzofuran-2- carboxylate, i
({[[2-(benzyloxy)-2-oxoethyi](tert-butyi)amino]carbony
l}oxy)methyl 1-methyl-1Hpyrrole- 2-carboxylate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 1,1'-biphenyl-4- carboxylate,
({[[2-(ben2yloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl Amethoxybenzoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 1H-indole-2- carboxylate, benzyl
N-(tert-butyl)-N-({[(diphenylacetyl)oxy]methoxy}carbon
yl)glycinate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 1-naphthoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 2-naphthoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 1-methyl-1Hindole- 3-carboxylate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl quinoline-2- carboxylate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl
nicotinate,({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)am
ino]carbonyl}oxy)methyl isonicotinate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 2,6- difluorobenzoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 2-fluorobenzoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 2- (trifiuoromethyl)benzoate,
({[[2-(benzyloxy)-2-oxoethy!](tert-butyl)amino]carbony
l}oxy)methyl 4-(1 H-pyrrol-1- yl)benzoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 1,1'-biphenyl-2- carboxylate, 



({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 2,4,6- tr methylbenzoate,
({[[2-(benzyloxy)-2-oxoethy!](tert-butyl)amino]carbony
!}oxy)methyl 4- isopropoxybenzoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
!}oxy)methyl 3,4,5- trimethoxybenzoate,
({[[2-(benzyloxy)-2-oxoethy!3(tert-butyl)amino]carbony
l}oxy)methyl 3,5- dimethoxybenzoate, 3-phenyl-acrylic
acid
(benzyloxycarbonylmethyl-tert-butyl-carbamoyloxy)-meth
yl
ester,({[[2-(benzyloxy)-2-oxoethyl}(tert-butyl)amino]c
arbonyl}oxy)methyl 3-methyl-1-
benzofuran-2-carboxylate, benzyl
N-{[({[3,5-bis(trifluorornethyl)phenyl]acetyl}oxy)meth
oxy]carbonyl}-N-(tertbutyl) glycinate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbo
pyl}oxy)methyl 4- (heptyloxy)benzoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 2-(2- phenylethyl)benzoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 4- (dodecyloxy)benzoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 4- (acetylamino)benzoate,
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl anthracene-9- carboxylate and
({[[2-(benzyloxy)-2-oxoethyl](tert-butyl)amino]carbony
l}oxy)methyl 4- benzoylbenzoate. Additional
embodiments of the invention are the following
specifically preferred compounds of Formula Il or
pharmaceutically acceptable salts thereof.
N-(tert-butyl)-N-({[(4-tert-butylbenzoyl)oxy]methoxy}c
arbonyl)glycine,
N-(tert-butyl)-N-{[(isobutyryloxy)methoxy]carbonyl}gly
cine,
N-(tert-butyl)-N-({[(cyclopentylcarbonyl)oxy]methoxy}c
arbonyl)glycine,N-(tert-butyl)-N-({[(4-methylbenzoyl)o
xy]methoxy}carbonyl)glycine,
N-(tert-butyl)-N-{[(heptanoyloxy)methoxy]carbonyl}glyc
ine,
N-(tert-butyl)-N-{[(propionyloxy)methoxy]carbonyl}gIyc
ine,
N-(tert-butyl)-N-({[(cyclohexylcarbonyl)oxy]methoxy}ca
rbonyl)glycine,
N-(tert-butyl)-N-({[(3,5-dimethylbenzoyl)oxy]methoxy}c
arbonyl)glycine,
N-(tert-butyl)-N-({[(4-fluorobenzoyl)oxy]methoxy}carbo
nyl)glycine,
N-(tert-buty!)-N-({[(3-methylbutanoyl)oxy]methoxy}carb
onyl)glycine,
N-(tert-butyl)-N-({[(cyclopentylacetyl)oxy]methoxy}car
bonyI)glycine,
N-(tert-butyl)-N-[({[4-(trifluoromethyl)benzoyl]oxy}me
thoxy)carbonyl]glycine,
N-(tert-butyl)-N-({[(cyclopropylcarbonyl)oxy]methoxy}c
arbonyl)glycine,
N-^i-adamantylcarbonyOoxyJmethoxyJcarbonyO-N-^ert-buty
^glycine,
N-(tert-butyl)-N-{[(pentanoyloxy)methoxy]carbonyl}glyc
ine,
N-(tert-butyl)-N-({[(cyclobutylcarbonyl)oxy]methoxy}ca
rbonyl)glycine,
N-(tert-butyI)-N-({[(3-cycIohexylpropanoyl)oxy]methoxy
}carbonyl)glycine,
N-(tert-butyl)-N-[({[(4-fluorophenoxy)acetyl]oxy}metho
xy)carbonyl]glycine
N-(tert-butyl)-N-({[(cyclohexylacetyl)oxy]methoxy}carb
onyl)glycine,
N-(tert-butyl)-N-({[(2,6-dimethylbenzoyl)oxy]methoxy}c
arbonyl)glycine,N-(tert-butyl)-N-({[(phenylacetyl)oxy]
methoxy}carbonyl)glycine,
N-(tert-butyl)-N-({[(2,2-dimethylpropanoyl)oxy]methoxy
}carbonyl)glycine,
N-({[(1-benzofuran-2-ylcarbonyl)oxy]methoxy}carbonyl)-
N-(tert-butyl)glycine,
N-(tert-butyl)-N-[({[(1-methyl-1H-pyrrol-2-yl)carbonyl
]oxy}methoxy)carbonyl]glycine,
N-({[(1,1'-biphenyl-4-ylcarbonyl)oxy]methoxy}carbonyl)
-N-(tert-butyl)glycine,
N-(tert-butyl)-N-({[(4-methoxybenzoyl)oxy]methoxy}carb
onyl)glycine,
N-(tert-butyl)-N-({[(1H-indol-2-ylcarbonyl)oxy]methoxy
}carbonyi)glycine, 



N-(tert-butyl)-N-({[(diphenylacety!)oxy]methoxy}carbon
yl)glycine,
N-(tert-butyl)-N-{[(1-naphthoyloxy)methoxy]carbonyl}gl
ycine,
N-(tert-butyl)-N-{[(2-naphthoyloxy)methoxy]carbonyl}gl
ycine,
N-(tert-butyl)-N-[({[(1-methyl-1H-indol-3-yl)carbonyl]
oxy}methoxy)carbonyl]glycine,
N-(tert-butyl)-N-({[(quinolin-2-ylcarbonyl)oxy]methoxy
}carbonyl)glycine,
N-(tert-butyl)-N-({[(pyridin-3-ylcarbonyl)oxy]methoxy}
carbonyl)glycine,
N-(tert-butyl)-N-{[(isonicotinoyloxy)methoxy]carbonyl}
glycine,
N-(tert-butyl)-N-({[(2,6-difluorobenzoyl)oxy]methoxy}c
arbonyl)glycine,
N-(tert-butyl)-N-({[(2-fluorobenzoyl)oxy]methoxy}carbo
nyl)glycine,N-(tert-butyl)-N-[({[2-(trifluoromethyl)be
nzoyl]oxy}methoxy)carbonyl]glycine,
N-(tert-butyl)-N-({[(4-pyrrolidin-1-ylbenzoyl)oxy]meth
oxy}carbonyl)glycine, N-({[(1
,1'-biphenyl-2-ylcarbony!)oxy]methoxy}carbonyl)-N-(ter
t-butyl)g!ycine,
N-(tert-butyl)-N-({[(mesitylcarbonyl)oxy]methoxy}carbo
nyl)glycine,
N-(tert-butyl)-N-({[(4-isopropoxybenzoyl)oxy]methoxy}c
arbonyl)glycine,
N-(tert-butyl)-N-({[(3,4,5-trimethoxybenzoyi)oxy]metho
xy}carbonyl)glycine1
N-(tert-butyl)-N-({[(3,5-dimethoxybenzoyl)oxy]methoxy}
carbonyl)g!ycine,
N-(tert-butyl)-N-[({[(2E)-3-phenylprop-2-enoyl]oxy}met
hoxy)carbonyl]glycine,
N-(tert-butyl)-N-[({[(3-methyl-1-benzofuran-2-
yl)carbonyl]oxy}methoxy)carbonyl]glycine,
N-{[({[3,5-bis(trifluoromethyl)phenyl]acetyl}oxy)metho
xy]carbonyl}-N-(tertbutyl) glycine,
N-(tert-butyl)-N-[({[4-(heptyioxy)benzoyl]oxy}methoxy)
carbonyl]glycine,
N-(tert-butyl)-N-[({[2-(2-phenylethyl)benzoyl]oxy}meth
oxy)carbonyl]glycine,
N-(tert-butyl)-N-[({[4-(dodecyloxy)benzoyl]oxy}methoxy
)carbonyl]glycine,
N-[({[4-(acetylamino)bepzoyl]oxy}methoxy)carbonyl]-N-(
tert-butyl)glycine,
N-({[(9-anthrylcarbonyl)oxy]methoxy}carbonyl)-N-(tert-
butyl)glycine and
N-({[(4-benzoylbenzoy!)oxy]methoxy}carbonyl)-N-(tert-b
utyl)glycineA further embodiment of the invention is
the following specifically preferred compound of
Formula Il or pharmaceutically acceptable salts
thereof. 3,3-Dimethyl-butyric acid
[tert-butyl-(2-isobutoxycarbonyloxy-2-oxo-ethyl)-
carbamoyloxy)-methyl ester.Definitions For the
compounds of the invention defined above and referred
to herein, unless otherwise noted, the following terms
are defined: The term alkyl means a straight or
branched alkyl moiety of 1 to 12 carbon atoms
optionally substituted with 1 to 3 substituents
independently selected from the group halogen, amino,
cyano, cycloalkyl of 3 to 6 carbon atoms, alkyl of 1
to 12 carbon atoms, phenyl, hydroxyl, alkoxy of 1 to
12 carbon atoms, N-alkyl of 1 to 12 carbon atoms,
N-cycloalkyl of 3 to 6 carbon atoms, heterocyclyl of 3
to 8 ring atoms, aryl, aryloxy and N-(alkyl of 1 to 12
carbon atoms)-aryl, wherein said aryl, aryloxy and
aryl of N-(alkyl of 1 to 12 carbon atoms)-aryl may
optionally be substituted with 1 to 3 substituents
independently selected from halogen, nitro, cyano,
alkenyl, hydroxyl, alkyl, haloalkyl, alkoxy, amino,
alkylamino, dialkylamino, carboxyl, alkoxycarbonyl,
aryl-C(O)-, CH3-C(O)-NH-, aralkyl, aryloxy,
heterocyclyl and phenyl. In some embodiments of the
invention alkyl is a moiety of 1 to 6 carbon atoms. In
other embodiments of the invention alkyl is a moiety
of 1 to 3 carbon atoms. In other embodiments of the
invention alkyl is 1,1-dimethylethyl also termed
t-butyl. In some embodiments of the invention when
alkyl is a methyl group wherein optional substitution
is two independent phenyl rings. Non-limiting examples
of alkyl are methyl, ethyl, n- propyl, 1-methylethyl,
n-butyl, 1-methylpropyl, 2-methylpropyl and 1,1-
dimethylethyl. The term alkenyl means a straight or
branched carbon chain of 2 to 12 carbon atoms having
at least one site of unsaturation optionally
independently substituted with 1 to 3 substituents
selected from the group optionally independently
substituted with 1 to 3 substituents selected from the
group phenyl, heteroaryl, halogen, amino, cyano, 



alkyl, hydroxyl, alkoxy, aryl, alkynyl and N-(alkyl of
1 to 12 carbon atoms)-aryl, wherein said aryl and aryl
of N-(alkyl of 1 to 12 carbon atoms)-aryl may
optionally be substituted with 1 to 3 substituents
independently selected from halogen, nitro, cyano,
alkenyl, hydroxyl, alkyl, haloalkyl, alkoxy, amino,
alkylamino, dialkylamino, carboxyl, alkoxycarbonyl,
aryl-C(O)-, CH3-C(O)-NH-, aralkyl, aryloxy,
heterocyclyland phenyl. In some embodiments of the
invention alkenyl is a vinyl moiety CH2=CH-. As used
herein the term alkoxy refers to alkyl-O- wherein
alkyl is hereinbefore defined. Non limiting examples
include: methoxy and ethoxy. As used herein the term
aryl means an aromatic moiety having 6, 10 or 14
carbon atoms preferably 6 to 10 carbon atoms,
optionally substituted with 1 to 3 substituents
independently selected from halogen, nitro, cyano,
alkenyl, hydroxyl, alkyl, haloalkyl, alkoxy, amino,
alkylamino, dialkylamino, carboxyl, alkoxycarbonyl,
aryl-C(O)-, CH3- C(O)-NH-, aralkyl, aryloxy,
heterocyclyl and phenyl. In particular, aryl is phenyl
or naphthyl optionally substituted with 1 to 3
substituents. The term aralkyl as used herein of 7 to
16 carbon atoms means an alkyl substituted with an
aryl group in which the aryl and alkyl group are as
defined herein. Nonlimiting exemplary aralkyl groups
include benzyl and phenethyl and the like.
Perhaloalkyl as used herein means an alkyl moiety of 1
to 6 carbon atoms in which each hydrogen atom is
substituted with a halogen atom, an exemplary example
is trifluoromethyl. Phenyl as used herein refers to a
6-membered carbon aromatic ring. As used herein the
term alkynyl includes both straight chain and branched
moieties containing 2 to 12 carbon atoms having at
least one carbon to carbon triple bond optionally
substituted with 1 to 3 substituents independently
selected from the group halogen, amino, cyano, alky!
of 1 to 12 carbon atoms, hydroxyl, and alkoxy of 1 to
12 carbon atoms. As used herein the term halogen or
halo means F, Cl, Br or I.As used herein the term
cycloalkyl means a saturated monocyclic ring having
from 3 to 6 carbon atoms. Exemplary cycloalkyl rings
include but are not limited to cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl. In an
embodiment of the invention cycloalkyl is a moiety of
5 or 6 carbon atoms. The term aroyl means an
aryl-C(O)- group in which the aryl group is as
previously defined. Non-limiting examples include
benzoyl and naphthoyl. The term heteroaryl means an
aromatic heterocyclic, monocyclic ring of 5 or 6 ring
atoms containing 1 to 4 heteroatoms independently
selected from O, N and S or bicyclic aromatic rings of
8 to 20 ring atoms containing 1 to 4 heteroatoms
independently selected from O, N and S. Heteroaryl
rings may optionally be substituted with 1 to 3
substitutents independently selected from the group
alkyl, halogen, cyano, nitro, hydroxy, amino,
alkylamino, dialkylamino, alkoxy, aryloxy, - CH2OCOCH3
and carboxy. Non-limiting heteroaryl moieties
optionally substituted include: furanyl, benzofuranyl,
benzothienyl, thienyl, pyridinyl, quinolinyl,
tetrazolyl, imidazo, thiazolyl and the like. Where
terms are used in combination, the definition for each
individual part of the combination applies unless
defined otherwise. For instance, aralkyl refers to an
aryl group, and alkyl refers to the alkyl group as
defined above. Also, aryloxy refers to a arylO- group.
The term heteroarylcarbonyl means a heteroaryl-C(O)-
group in which the heteroaryl group is as previously
defined. The term heterocyclyl as used herein
represents a saturated ring of 3 to 8 ring atoms
containing 1 to 3 heteroatoms selected from nitrogen,
oxygen and sulfur. In some embodiments of the
invention a saturated ring of 5 or 6 ring atoms is
preferred. Representative examples are pyrrolidyl,
piperidyl, piperazinyl, morpholinyl, thiomorpholinyl,
aziridinyl, tetrahydrofuranyl and the like.The term
alkylheterocyclyl means an alkyl-heterocyclyl group in
which the alkyl and 



heterocyclyl group are independently previously
defined. Non-limiting exemplary alkylheterocyclyl
groups include moieties of the formulae: Some of the
compounds of Formula (I) may also exist in their
tautomeric forms. Such forms although not explicitly
indicated in the above formula are intended to be
included within the scope of the present invention.
For instance, compounds of Formula (I) which exist as
tautomers are depicted below: The present invention
accordingly provides a pharmaceutical composition
which comprises a compound of this invention in
combination or association with a pharmaceutically
acceptable carrier. In particular, the present
invention provides a pharmaceutical composition which
comprises an effective amount of a compound of this
invention and a pharmaceutically acceptable carrier.
Proton sponge is [ 1 ,8-bis(dimethylamino)naphthalene,
N,N,N',N'-tetramethyl-1 ,8- naphthalenediamine].
Alkali metal carbonate includes lithium, potassium and
sodium carbonate. DMPU is
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone.N-b
utyl-glycylcycline (N-bu-glycyl) is
N-propyl-glycylcycline (N-prop-glycyl) isDESCRIPTION
OF THE PREFERRED EMBODIMENTS The compounds of this
invention may be prepared according to the following
schemes: (1) from commercially available starting
materials or: (2) from known starting materials which
can be prepared as described in literature procedures
or: (3) from new intermediates described in the
schemes and experimental procedures. The synthesis of
acyloxy intermediate 8 is shown in Scheme 1. Reaction
of amine R NH2, preferably t-butylamine, with ester 1
provides the substituted amino ester 2. Preparation of
the intermediate 4 is accomplished by using Proton
Sponge as base to effect the acylation of substituted
amino ester 2 with chloromethyl chloroformate 3.
Treatment of intermediate 4 with the
tetrabutylammonium salt 5 of carboxylic acids gives
the benzyl protected acyloxy intermediate 6. The
benzyl protecting group is removed by catalytic
reduction to give carboxylic acid 7 which is activated
to a mixed anhydride with chloroformate ClCO2Ri where
Ri 2 is alkyi of 1 to 6 carbon atoms, for example
iso-butyl chloroformate to give acyloxycarbamate
intermediate 8. In an alternate route, silyl esters
may optionally be used in place of the benzyl ester of
intermediate 4, treating with the appropriate
carboxylic acid followed by deblocking the silyl ester
with tetrabutylammonium fluoride or magnesium bromide
to afford carboxylic acid 7. Optionally, carboxylic
acid 7 may be activated through the use of coupling
agents not limited to di-t-butyl dicarbonate (BoC2O);
e.g., benzotriazole-1-yloxy-
tris-(dimethylamino)-phosphonium hexafluorophosphate
(also known asBop); benzotriazole-1
-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate (also known as PyBop);
0-benzotriazole-N,N,N',N'-tetramethyl-uronium-hexafluo
rophosphate (HBTU); Bromotris-pyrollidino-phosphonium
hexafluorophosphate; 2- Chloro-N-methylpyridinium
iodide (CMPI); dicyclohexylcarbodiimide (DCC); 1,3-
diisopropylcarbodiimide (DIG);
1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide
hydrochloride (EDC); or Carbonyl diimidazole.SCHEME 1
As shown in Scheme 2, reaction of activated
acyloxycarbamate intermediate 8 with
Z.S-disubstituted- -aminotetracycline 9 in the
presence of triethylamine and DMPU gives
acyloxycarbamate 10.Scheme 2 triethylamine, DMPU, room
temperature, 1 hr 10 Additional acyloxy carbamate
compounds may be synthesized via routes as shown in
Schemes 3 and 4. Treatment of chloromethyl
chloroformate 3 with ethanethiol in the presence of
triethylamine (TEA) gives carbonothioate 11. Compound
12 is prepared by reacting carbonothioate 11 with
carboxylic acid tetrabutylammonium salt 5 in
tetrahydrofuran. Chlorination of compound 12 with
sulfuryl chloride in the presence of 



catalytic amount of boron trifluoroetherate affords
chloro intermediate 13 (using the methods described in
M. Folkmann and FJ. Lund, Synthesis, December 1990,
1159- 1166).Scheme 3 13 As further seen in Scheme 4
acyloxycarbamates 16 and 17 where R4 is preferably
nbutyl or n-propyl are synthesized by treatment of
either 14 or 15 where R is preferably n-butyl or
n-propyl with the chloro intermediate 13 to give
acyloxycarbamates 16 and 17 respectively. Scheme 4 1 4
R4 = n-Butyl 1 5 R4 = n-propyl DMPU 1 7 R4 =
n-propylAs shown in Scheme 5, carbamates of
glycylcycline where R4 is preferably propyl 18 may
also be prepared by reaction with chloro intermediate
19 in the presence of an alkali metal carbonate
preferably sodium carbonate, and DMPU in acetonitrile
to afford preferred compounds (21 and 22), Scheme 5 18
Na2CO3/ CH3CN/ DMPL) - Y 19 21 22 R4 is preferably
propylScheme 6 triethylamine, DMPU, room temperature,
1 hr 13 As shown in Scheme 6, reaction of chloro
intermediate 13 with 7,8-disubstituted-9-
aminotetracycline 9 in the presence of triethylamine
and DMPU gives carbamate 23. As further shown in
Scheme 7, compounds of Formula I may generally be
prepared by removal of the benzyl protecting group
from benzyl protected acyloxy intermediate 24 to give
carboxylic acid 25 which is activated to a mixed
anhydride with a chloroformate CICO2R12 where R12 is
alkyl of 1 to 6 carbon atoms, for example isobutyl
chloroformate to give acyloxycarbamate intermediate
26. Further reaction of
7,8-disubstituted-9-aminotetracycline 9 with
acyloxycarbamate mixed anhydride intermediate 26 in
the presence of triethylamine and DMPU affords
compounds of Formula (I).FIRE SENSOR, FIRE DETECTION
SYSTEM, FIRE SUPPRESSION SYSTEM, AND COMBINATIONS
THEREOF DESCRIPTION OF THE INVENTION This application
claims priority to U.S. Patent Application No. 11/21
3,940, filed on August 30, 2005. Field of the
Invention [001] The present invention relates to a
fire sensor, a fire detection system, a fire
suppression system, and combinations thereof. In
particular, some aspects of the invention relate to an
automated system for at least one of fire detection
and fire suppression for storage and/or cargo areas.
Background of the Invention [002] Cargo may be
transported to its destination using one or more of
several different types of vehicles, including ships
(either passenger ships or cargo ships), aircraft
(either passenger aircraft or cargo aircraft), and/or
trucks. Cargo may be transported while located in the
interior of cargo storage areas. Cargo may further be
held within cargo containers and/or loaded onto cargo
pallets for transport while en route. In some cases,
cargo may include hazardous, easily flammable, and/or
easily combustible materials that may render transport
dangerous to the 



cargo itself as well as to the vehicle transporting
the cargo and the operators of the cargo transporting
vehicle. [003] In other cases, cargo may be stored at
cargo storage facilities in cargo storage areas, in
which the cargo may be left unsupervised. In such
cases, the possibility still exists that cargo stored
in cargo storage facilities may also ignite or explode
under certain conditions, thereby damaging other
cargo, the cargo storage facility, and/or seriously
injuring people that may be present in the cargo
storage facility. [004] In many instances, cargo may
be stored, either during transport or when located in
a cargo storage facility, in an area separate from an
operator controlling the transport vehicle or
supervising the cargo storage facility. As a result,an
operator or cargo storage facility supervisor may be
unaware of a fire or explosion that has occurred in
either a cargo container, a cargo pallet, or within
the cargo storage area. In addition, there may be more
than one cargo container and/or cargo pallet located
in any given storage area. This may render it
difficult to determine which containers and/or pallets
are on fire, even if it has been determined that there
is a fire occurring within a given cargo storage area.
This may possibly present several problems. [005] Due
to the nature of, for example, a cargo transport
vehicle there may be a limited supply of fire
suppressant available. For example, aboard a cargo
transport aircraft, the weight of any fire suppressant
may limit the amount of fire suppressant that may be
carried aboard the aircraft for suppressing fires.
Therefore, it may be desired to limit the amount of
fire suppressant used to extinguish a fire in order to
reduce the weight carried by the aircraft by focusing
any release of fire suppressant on the particular area
in need of fire suppressant rather than throughout the
entire cargo area. Furthermore, the fire suppressant
itself may be harmful to some types of cargo.
Therefore, it may be desirable to limit the
distribution of fire suppressant to the location in
need of fire suppression so as to limit the spoilage
of cargo not in need of fire suppressant. As a result,
it may be desirable to provide a fire detection system
that can determine the approximate location of a fire
so that an appropriate amount of fire suppressant can
be directed to the location experiencing the fire.
[006] One potential problem found in cargo areas
experiencing a fire is that the cargo is often located
remotely from cargo vehicle operators or cargo storage
facility supervisors (e.g., the cargo may be located
in an unoccupied and/or difficult to access portion of
the vehicle or cargo storage facility). This may
render it more difficult to provide fire suppressant
to an area experiencing a fire in a timely manner.
Since it is generally more difficult to extinguish or
suppress a fire once it has spread over a large area,
it may be desirable to render it possible to provide
fire suppressant remotely and in a timely manner.
[007] One example of a cargo transportation vehicle
having an operator or operators located relatively
remotely from the cargo is an aircraft. The majority
of cargo carried by modern aircraft is transported in
cargo containers or on cargo pallets. These containers
are generally referred generically as Unit Load
Devices("ULDs"). Some ULDs may be constructed of
high-strength aircraft grade aluminum alloy, sometimes
with sides partially constructed from LEXAN. For
safety considerations, ULDs must often mate with an
aircraft cargo locking system in order to restrain the
cargo containers under various flight, ground load,
and/or emergency conditions. Under federal air
regulations, ULDs are considered aircraft appliances,
are Federal Aviation Administration (FAA) certified
for a specific type of aircraft, and are typically
manufactured to specifications contained in National
Aerospace Standard (NAS) 3610. [008] An example of a
very commonly used industry ULD is the "SAA"
designated container, which measures about 88 inches
wide by about 125 inches 



long with an arched roof about 82 inches high. Another
example of a ULD is the "AMJ" designated container,
which measures about 96 inches wide by about 125
inches long with a maximum height of about 96 inches.
For pallets, two typical base dimensions are about 88
inches wide by about 125 inches long and about 96
inches wide by about 125 inches long, although other
sizes are also available. Cargo loads on pallets are
sometimes stacked and then netted to the pallet using
cargo nets having fittings that engage seat track type
rails located around the pallet's perimeter. [009] It
may be desirable to provide fire detection and/or
suppression systems located in cargo areas that may be
relatively transparent to cargo handlers (i.e.,
handlers that load and/or unload cargo into cargo
areas), so that there is no requirement for either
specific action or involvement by them so that, for
example, cargo may be rapidly loaded into and unloaded
from the cargo area. [010] Using a cargo aircraft as
an example, while some main deck cargo areas may be
conventionally equipped with fire extinguishing
bottles intended for manual operation, very few cargo
containers and virtually no cargo pallets located on
cargo aircraft are accessible to flight crews during a
flight, thereby rendering it difficult to manually
extinguish a fire located in an aircraft cargo area
using fire extinguishing bottles. If, for example, one
or more of the cargo containers or cargo pallets
contains flammable material and the temperature rises
too high and/or the flammable material is otherwise
ignited, a fire could start in the cargo container or
on the cargo pallet and spread to other cargo
containers and/or cargo pallets within the cargo area.
Unless someone is in the cargo area at the time the
cargo ignites, which is unlikely at least for the
reasons outlined above, such a fire could
remainundetected and/or inaccessible to the flight
crew. If undetected or inaccessible, the fire could
spread to other cargo containers and/or cargo pallets,
thereby endangering the safety of the flight crew and
the cargo aircraft. The same possibility of spreading
exists for other cargo vehicles and cargo storage
facilities. [01 1] As an example, shorter range cargo
aircraft operating over land are typically within
about 15 minutes or less flying time of suitable
airfields for performing an emergency landing should
an emergency such as, for example, a cargo fire,
occur. Currently, the FAA has certified smoke
detectors for detecting fires on board aircraft,
although smoke detectors may present some limitations.
Cargo aircraft may be equipped with main deck smoke
curtains and/or solid bulkheads, for example, which
may provide a flight crew with an extended cockpit
smoke free period in case of fire in an aircraft cargo
area. Under such circumstances, there may be a
relatively low probability of a cargo aircraft loss
due to a cargo fire. Nevertheless, in such situations,
a fire detection system is desirable for providing
early detection, thereby allowing sufficient time to
divert the cargo aircraft to an airfield for
performing an emergency landing. Furthermore, once the
aircraft has landed, it is still desirable for ground
fire-fighting personnel to be able to extinguish the
fire by locating the fire and conveying fire
suppressant material to it. [012] In contrast to
flights over land, a different situation may occur on
international flights. Many such flights may spend a
relatively large duration of time over oceans or other
large bodies of water, and an aircraft could be as
many as three or more hours flying time from landfall.
Under such circumstances, if a cargo fire should
occur, the capability to extinguish or at least
suppress the cargo fire for an extended period of time
until a suitable airfield for performing an emergency
landing can be reached may be essential for survival
of the flight crew and the aircraft as well as the
cargo. Therefore, both a fire detection system for
quickly detecting a fire and an on-board fire
suppression system for suppressing or extinguishing
the fire may be desirable. [01 3] The problem of
detecting and/or suppressing fires is not limited to
the cargo transportation industry, however. A problem
may arise, for example, wherever 



cargo and/or other articles are stored in a location
that is remote from a person supervising the cargo or
other articles, such as, for example, a cargo storage
facility.Thus, in a broad variety of situations, it
may be desirable to remotely detect and/or remotely
suppress a fire in its initial stages before it can
grow out of control. [014] One subject of the
invention may be to provide a system configured to
detect a fire or an unacceptably high temperature in a
location remote from a person overseeing the location,
such as a cargo storage facility supervisor or an
aircraft flight crew member. [015] Another subject of
the invention may be to provide a system configured to
provide an alert based on detection of a fire or an
unacceptably high temperature in a location remote
from a person overseeing the location, such as a cargo
storage facility supervisor or an aircraft flight crew
member. [01 6] Yet another subject of the invention
may be to provide a system configured to identify a
particular area, pallet, and/or container experiencing
a fire or an unacceptably high temperature. [017]
Still another subject of the invention may be to
provide a system for suppressing a fire and/or cooling
an area, pallet, and/or container identified as
experiencing a fire or an unacceptably high
temperature. SUMMARY [018] In the following
description, certain aspects and embodiments of the
present invention will become evident. It should be
understood that the invention, in its broadest sense,
could be practiced without having one or more features
of these aspects and embodiments. In other words,
these aspects and embodiments are merely exemplary.
[019] One aspect of the invention relates to a
combination fire detection and fire suppression
system. The system may include a fire detection system
configured to detect an undesirably high temperature
associated with an area. The fire detection system may
include a temperature sensor including a temperature
sensor array configured to receive temperature
information associated with the area and a fire
alerting system associated with the temperature
sensor. The fire alerting system may be configured to
receive information from the temperature sensor and
generate a warning signal based on an undesirably high
temperature associated with the area. The fire
detection system may include a fire control panel
associated with the fire alerting system. The fire
control panel may be configured to receive the
warningsignal. The system may also include a fire
suppression system including a fire suppressant
delivery system configured to provide at least one
fire suppressant agent to the area associated with the
undesirably high temperature. [020] As used herein,
the term "fire" is not necessarily limited to a fire
having visible flames. Rather, the term "fire" is used
in a broad sense and may be used to describe
situations in which an object and/or surface is
exhibiting a higher temperature than desired or
considered to be unsafe to a person having skill in
the art, such as, for example, a situation in which an
object and/or surface is smoldering, smoking, and/or
is hot to the touch. [021] According to another
aspect, a system for protecting cargo may include a
combination fire detection and fire suppression system
according to exemplary aspects described herein and at
least one cargo unit. [022] In yet another aspect, a
fire detection system configured to detect an
undesirably high temperature associated with an area
may include a temperature sensor including a
temperature sensor array configured to determine
temperature information associated with the area. The
fire detection system may further include a fire
alerting system associated with the temperature
sensor. The fire alerting system may be configured to
receive information from the temperature sensor and
generate a warning signal based on an undesirably high
temperature associated with the area. The fire
detection system may also include a fire control panel
associated 



with the fire alerting system, and the fire control
panel may be configured to receive . the warning
signal. [023] In still a further aspect, a temperature
sensor array configured to determine temperature
information associated with an area may include a
base, and a plurality of temperature sensing devices
associated with the base such that the temperature
sensing devices are configured to monitor the
temperature of the area. At least one of the
temperature sensing devices may be oriented at an
angle with respect to the base that differs from an
angle with respect to the base at which at least one
other temperature sensing device is oriented with
respect to the base. [024] According to yet another
aspect, a fire suppression system may be configured to
at least one of reduce the temperature of an area
experiencing an undesirably high temperature, suppress
a fire associated with the area, and extinguish a fire
associated with the area. The fire suppression system
may includea fire suppressant delivery system
configured to provide at least one fire suppressant
agent to the area. The fire suppressant delivery
system may include a first container containing a
surfactant, a second container containing a gas, and
at least one manifold in flow communication with the
first and second containers. A nozzle may be in flow
communication with the at least one manifold, and the
nozzle may be configured to discharge fire suppressant
agent generated by mixing the surfactant and the gas.
The fire suppression system may further include an
extension device associated with the nozzle, and the
extension device may be configured to move the nozzle.
[025] Aside from the structural arrangements set forth
above, the invention could include a number of other
arrangements such as those explained hereinafter. It
is to be understood that both the foregoing
description and the following description are
exemplary only. BRIEF DESCRIPTION OF THE DRAWINGS
[026] The accompanying drawings are incorporated in
and constitute a part of this specification. The
drawings illustrate exemplary embodiments and,
together with the description, serve to explain some
principles of the invention. In the drawings, [027]
Fig. 1 is a schematic view of an exemplary embodiment
of a fire detection system in accordance with the
present invention; [028] Fig. 2 is a schematic,
perspective view an exemplary embodiment of an
aircraft; [029] Fig. 3 is a schematic, partial section
view of an exemplary embodiment of a cargo area; [030]
Fig. 4 is a schematic, partial section view of an
exemplary embodiment of a cargo area in another
configuration; [031] Fig. 5 is a schematic, partial
section view of an exemplary embodiment of a fire
detection system and portions of an embodiment of a
fire suppression system; [032] Fig. 6 is a schematic
view of portions of an exemplary embodiment of a fire
detection system;[033] Fig. 7 is a schematic, block
diagram view of an exemplary embodiment of a fire
temperature sensor system; [034] Fig. 8 is a
schematic, block diagram view of an exemplary
embodiment of a fire alerting system; [035] Fig. 9 is
schematic, block diagram view of an exemplary
embodiment of a fire control panel; [036] Fig. 10 is a
schematic, elevation view of an exemplary embodiment
of a fire temperature sensor; [037] Fig. 11 is a
schematic, plan view of an area monitored by the fire
temperature sensor of Fig. 10; 



[038] Fig. 12 is a schematic, plan view of an
exemplary embodiment of a fire temperature sensor
array; [039] Fig. 13 is a schematic, front view of the
fire temperature sensor array of Fig. 12; [040] Fig.
14 is a schematic, side view of the fire temperature
sensor array of Fig. 12; [041] Fig. 15 is a schematic,
plan view of another exemplary embodiment of a fire
temperature sensor array; [042] Fig. 16 is a
schematic, front view of the fire temperature sensor
array of Fig. 15; [043] Fig. 17 is a schematic, side
view of the fire temperature sensor array of Fig. 15;
[044] Fig. 18 is a schematic, section view of portions
of an exemplary embodiment of a fire suppression
system shown with exemplary cargo containers; [045]
Fig. 19 is a schematic, section view of the Fig. 18
fire suppression system embodiment shown with
exemplary cargo pallets; [046] Fig. 20 is a schematic,
side view of an exemplary embodiment of a device for
releasing fire suppressant shown in a retracted
position; [047] Fig. 2 1 is a schematic, side view of
the device of Fig. 20 shown in an extended position;
[048] Fig. 22 is a schematic, perspective view of
another exemplary embodiment of a device for releasing
fire suppressant;[049] Fig. 23 is a schematic view of
an exemplary embodiment of a fire suppressant
distribution system; [050] Fig. 24 is a schematic view
of another exemplary embodiment of a fire suppressant
distribution system; and [051] Fig. 25 is a schematic
view of a further exemplary embodiment of a fire
suppressant distribution system. DESCRIPTION OF SOME
EXEMPLARY EMBODIMENTS [052] Reference will now be made
in detail to some exemplary embodiments of the
invention. Wherever possible, the same reference
numbers are used in the drawings and the description
to refer to the same or like parts. [053] Fig. 1
depicts an exemplary embodiment of a fire detection
system 10. This exemplary embodiment of a fire
detection system 10 is described in relation to a
cargo aircraft 30 shown in Fig. 2 merely as an example
of one possible environment in which this system may
be used. Use in other environments is also possible
and contemplated, such as, for example, in passenger
aircraft having a cargo area, passenger ships and
cargo ships, trucks, trains, other types of cargo
transportation vehicles, and/or cargo storage
facilities. [054] The exemplary fire detection system
10 depicted in Fig. 1 may include a fire temperature
sensor system 12 including one or more fire
temperature sensors 14, a fire alerting system, and a
fire control panel 18. The one or more fire
temperature sensors 14 may be located in a cargo area
32 (Fig. 2) of, for example, a cargo transport
aircraft 30. The one or more fire temperature sensors
14 may be located above a cargo container 20 and/or a
cargo pallet 22 to detect the presence of a fire
and/or a temperature higher than desired, which may
indicate a situation potentially hazardous to the
cargo, the cargo storage area, the cargo
transportation vehicle transporting the cargo, and/or
people associated with the cargo transportation
vehicle, such as, for example, the flight crew of a
cargo aircraft. [055] According to some embodiments,
the fire temperature sensors 14 may be connected to a
fire alerting system, such as the fire alerting system
16 depicted in Fig. 1. The fire alerting system 16 may
include a fire warning computer 24, which may in turn
be associated with a fire control panel 18, which may
be 



located in, for example, the cockpit of a cargo
aircraft 30. For example, the firedetection system 10
may be used in a cargo transportation aircraft 30,
which may contain one or more cargo containers 20
and/or cargo pallets 22 (see, e.g., Fig. 2 which
schematically depicts a cargo aircraft 30 having a
cargo area 32 containing a plurality of cargo
containers 20 and a plurality of cargo pallets 22). As
shown in Fig. 1, the fire temperature sensors 14 may
be positioned, for example, above cargo containers 20
and/or cargo pallets 22. The fire temperature sensors
14 may be connected (e.g., in a hardwired fashion
and/or via a wireless link) to a fire alerting system
16 including, for example, a fire warning computer 24,
which monitors the information received from the fire
temperature sensors 14 and determines whether a
potential and/or existing condition exists that may
indicate a fire or temperature reading higher than a
desired amount. [056] The fire alerting system 16 may
be programmed, for example, prior to flight, using
weight, balance, and/or preflight load plan
information, so that the cargo location and/or whether
the cargo is in a cargo container 20 or on a cargo
pallet 22, for a given location in the cargo area 32,
may be known. The fire alerting system 16 may be
connected (e.g., in a hardwired fashion and/or via a
wireless link) to the fire control panel 18 located
in, for example, a cockpit of a cargo aircraft 30, so
that the flight crew may initiate appropriate action
and/or so that a fire suppression system (see, e.g.,
the exemplary fire suppression system 40 depicted in
Fig. 5) may be automatically activated (see, e.g.,
Fig. 6). In this fashion, the fire control panel 18
may receive data from the fire alerting system 16 and
may provide, for example, a flight crew with fire
warning alerts, high temperature alerts, the type of
cargo involved with the alerts, system status
information, the location and temperature of a cargo
fire, and/or a temperature warning alert. [057]
According to some embodiments, a fire temperature
sensor system 12 may include one or more fire
temperature sensors 14, and electronic circuitry to
process and form the temperature sensor information
for delivery to the fire alerting system 16 (e.g.,
fire warning computer 24). The fire temperature
sensors 14 may be in the form of a single sensor
and/or of a matrix of individually packaged sensors.
For example, as depicted in Figs. 12-17, a fire
temperature sensor 14 may be in the form of a fire
temperature sensor array 110 formed by a matrix of a
plurality of temperature sensors (e.g., four or
thirty-six packaged thermopiles 102 (see, e.g.,Figs.
12-17)). Operational amplifiers may be provided for
the temperature sensors to increase the strength of
any signals generated by the temperature sensors.
[058] For example, each individual sensor 102 (e.g.,
thermopile) may be configured to project an
approximate 7 field of view onto a sensor's sensitive
monitored area (see, e.g., Figs. 10 and 11, which
depict an exemplary field of view of a single
thermopile 102). The thirty-six sensors 102, for
example, may be mounted in a mounting base 112 (see,
e.g., Figs. 12-14), for example, an aluminum block, at
angles that will fully monitor a 96 inch by 125 inch
area, for example, the upper surface of a cargo
container from a distance (e.g., height) ranging from
about 1 inch to about 100 inches. [059] Referring to
the exemplary fire temperature sensor system 12
depicted schematically in Fig. 7, information from
each fire temperature sensor 14 may be scanned, for
example, one-at-a-time, via analog switches using a
timing and control circuit 49 and thermopile select
switching device 5 1, which may continuously scan the
information received from the thirty-six sensors 102
and which may record, for example, the average in
maximum output of any of the thirty-six sensors 102.
For example, if during operation, one sensor 102
detects a "hot spot," its output voltage will increase
and an analog circuit (e.g., peak and hold detector
53) will hold the peak output voltage for multiple
scans. The peak output voltage may be sent to an
analog-to-digital (A/D) converter 55 and to an
amplitude comparator 57. The A/D converter 55 may
convert the analog peak output voltage of the sensor
102 into data 



bits for inclusion in a data word generated by a data
word generator 59, which may be transmitted via a data
transmitter 6 1 to a fire alerting system, such as the
fire alerting system 16. The amplitude comparator 57
may be configured to compare a reference temperature
measured, for example, by an ambient temperature
detector (see, e.g., ambient temperature sensor 120 in
Figs. 12, 13, and 15-17) associated with the fire
temperature sensor 14, to the peak temperature
measured by the sensor 102. If the difference is
greater than, for example, a predetermined reference
voltage, a fire warning bit is generated. The fire
warning bit may be included in the data word
transmitted from the fire temperature sensor 14 to the
fire alerting system 16. The data bit may also
activate a transistor to arm a fire suppressant
delivery system such those described herein. The fire
temperature sensor 14 may also include a power supply
65 configured to provide power for the fire
temperaturesensor 14 and electromagnetic interference
(EMI) and/or radio frequency interference (RFI)
protection 67 configured to protect the fire
temperature sensor 14 from responding to spurious
false and/or unrelated signals. [060] According to
some embodiments, output from the sensors 102 may also
be transmitted to a fault detector 69, for example, if
the output of any sensor 102 is significantly less
than a pre-fixed reference voltage. In such
circumstances, it may be an indication of a fault in
the sensor 102 and/or the electronic circuitry, and
the fault detector 69 may use this information, for
example, to turn off the fire temperature sensor data
word transmitter 6 1. The data word output from the
fire temperature sensor 14 may include, for example, a
system name and/or label, system identification,
detected temperature, cargo type (e.g., container or
pallet), fire suppressant delivery system status and
parity word check. [061] Fig. 8 depicts an exemplary
embodiment of a fire alerting system 16 that may be
used, for example, with a fire detection system 10
according to some embodiments. The fire alerting
system 16 may include a fire warning computer 24
configured to receive data of each of the fire
temperature sensors 14 installed, for example,
throughout a cargo aircraft 30. Each fire temperature
sensor 14 may be configured to transmit its data word
to the fire alerting system 16 over, for example, a
dedicated twisted pair cable 34 or via a wireless
transmission. Each input to the fire alerting system
16 may be filtered to remove electrical noise,
transient voltages, electromagnetic interference,
and/or radio frequency interference, for example, via
a conventional transient protection system 70. The
data transmitted from the fire temperature sensors 14
may be sequentially selected by analog multiplexers
(e.g., via switch control 71) and may be passed to a
data receiver 72. The data receiver 72 may check
incoming data words for missing pulses and word
parity. The data words may be transmitted from the
data receiver 72 and may be clocked, for example,
cascaded, into serial-to-parallel converters in
serial-to-parallel word checker 74. Each data word may
be checked for system label authenticity and system
identity in the serial-to-parallel word checker 74.
If, for example, a system label and system identity
are correct, the serial data word may be accepted. If,
however, the system label and system identity are
incorrect, and/or there are missing bits, the
serial-to-parallel converters may be reset and may be
readied for receipt of the next data word.[062]
According to some embodiments, temperature sensor data
bits may be selected and may be passed to a
digital-to-analog (D/A) converter, and a resulting
analog signal may be compared to a fixed reference in
a temperature alert comparator 77. If the resulting
analog signal is higher than the fixed reference, a
fire warning data bit may be generated and sent to a
location counter 73. All data bits except location
data bits and the fire warning data bit may be sent to
a parallel-to-serial converter 75. The location
counter data bits (i.e., location, temperature alert,
and fire warning) may be sent to the
parallel-to-serial converter 75. Data words formatted
in the parallel-to-serial converter 75 may be
clocked-out to 



data transmitter 76 at a rate specified for the data
system in use. Data words transmitted via the data
transmitter 76 may be sent to the fire control panel
18 and/or to other systems that may use the data. The
fire warning data bit may also activate a transistor
to provide a discrete ground to enunciate a fire
warning in, for example, a fire warning system (e.g.,
a cockpit-located fire warning computer 24). [063]
According to some embodiments, a fire detection system
10 may include a fire alerting system 16 and a fire
control panel 18, for example, the exemplary
embodiment of fire control panel 18 shown in Fig. 9.
The fire control panel 18 may be configured to receive
a data word from, for example, the fire alerting
system 16 (e.g., fire warning computer 24) via a
dedicated data cable 34 and/or via a wireless link.
The data word may be filtered for noise and/or
transient signals via transient protection system 70,
and may pass to a data receiver 72. The data receiver
72 may be configured to check the incoming data word
for missing bits and parity. If the incoming data word
contains a good data word, it may then be clocked into
serial-to-parallel converters 74. For example, the
data word may be checked for proper label and
identity. A bad data word may be rejected, and the
serial-to-parallel converters 74 may be reset to zero,
for example, so that they are ready for receiving a
new data word. If the incoming data word is determined
to be a good data word, the data word is latched.
Location bits received from the serial-toparallel
converters 74 may be sent to a binary-to-BCD decoder
(e.g., location decoder 80, cargo load decoder 82,
and/or temperature decoder 84). BCD data from the
serial-to-parallel converters 74 may be sent to a
BCD-to-seven segment display encoder driver 86, and
then to a display 90, for example, an LCD
display.[064] Temperature data bits from the
serial-to-parallel converters 74 may be sent to a
binary-to-BCD decoder. BCD data from the
serial-to-parallel converters 74 may be sent to the
BCD-to-seven segment display encoder driver 86, and
then to the display 90. Cargo load data bits may be
sent to a cargo load decoder 82. The cargo load
decoder 82 may determine the type of cargo that is
being monitored, for example, a cargo container 20 or
a cargo pallet 22. All other data bits may drive
indicator drivers 88 and their associated indicator
89. [065] According to some exemplary embodiments, the
fire control panel 18 may be mounted in, for example,
the cockpit of a cargo aircraft 30 for use by a flight
crew. The fire control panel 18 may provide a flight
crew with all data related to protection and
suppression of a cargo fire. The fire control panel 18
may perform at least one of the following functions:
1) provide temperature alerts for excessively high
and/or rising temperatures, indicating temperature and
location; 2) enunciate a fire warning, indicating
temperature and location of the fire; 3) indicate the
type of cargo (i.e., cargo container 20 or cargo
pallet 22) loaded into each cargo position for
enunciating the activation of a fire suppression
system 40 based on the type of cargo located in the
implicated cargo position; 4) enunciate the activation
of a fire suppressant release control; and 5)
enunciate a fault or failure of a fire temperature
sensor 14 and its location. According to some
exemplary embodiments, such functions may be performed
via any of various known alerting devices/methods,
such as, for example, via a warning light or lights,
and/or via audible warnings. [066] According to some
embodiments, a fire temperature sensor system 12 may
include a fire temperature sensor 14 including one or
more sensors 102. For example, Fig. 10 depicts an
exemplary sensor system 12, and Fig. 11 depicts an
area of coverage of the sensor system 12 shown in Fig.
10. According to some embodiments, the sensor system
12 may include a temperature sensor 102. Temperature
sensors 102 may be thermopiles (e.g., TO-5 and/or
TO-18 packaged thermopiles), which may be configured
to sense temperature over a broad wavelength spectrum,
and which may include a sensitive detector for
observing an area A and averaging the temperature of
the observed area A. Other temperature 



sensors known in the art may be used. Thermopiles are
sometimes associated with a packaging and/or device
case (not shown) in which they are enclosed. The
packaging and/or device case, at least to a certain
extent, may determine the area ofview of the
thermopile for a given distance or range to a target
object. For example, the field of view of a thermopile
may be compared to the conical beam of a flashlight,
as schematically-depicted in Fig. 10. Furthermore,
thermopiles may be packaged either as a single unit or
as multiple sensors in a single sensing device. [067]
According to some exemplary embodiments of the fire
detection system 10, a plurality of temperature
sensors 102 may be arranged in an array 110 (see,
e.g., Figs. 12-17). Such temperature sensor arrays 110
may be positioned over cargo containers 20 and/or
cargo pallets 22. The temperature sensor array 110 may
be configured to monitor a specifically-sized area A
located a specific distance from the temperature
sensor array 110. The area A may be occupied by one or
more cargo containers 20 and/or cargo pallets 22.
[068] The principle of use of a fire temperature
sensor array 110 including multiple temperature
sensors 102 to detect heat and/or fires will now be
described in more detail. One or more cargo containers
20 and/or cargo pallets 22 may be placed under
observation and may be divided into multiple sections
or sub-areas, with each section or sub-area under
observation by, for example, an individual sensor 102
of a temperature sensor array 110. According to some
embodiments, for example, a temperature sensor array
110 may be mounted over each cargo container 20 and/or
cargo pallet 22 and/or a portion of the cargo area 32
under observation. [069] With reference to Figs.
12-17, which depict exemplary embodiments of a
temperature sensor array 110, a temperature sensor
array 110 may include a mounting base 112 configured
to house a plurality of temperature sensors 102. The
mounting base 112 may be formed, for example, by
machining, by molding (e.g., if a composite material
is used to form the mounting base 112), and/or by any
other method that results in the desired configuration
of the temperature sensor array 110. The mounting base
112 may be formed of, for example, aluminum and/or
composite material, or any other suitable material.
The mounting base 112 of the temperature sensor array
110 may include a number of mounting holes 114, each
for receiving a respective one or more temperature
sensors 102 therein, which may be oriented at angles
that vary slightly, for example, from each other
and/or an orthogonal reference O with respect to the
mounting base 112. In other words, the mounting holes
114 may be oriented, for example, via drilling and/or
molding into the mountingbase 112 at small but
slightly differing angles, such that the temperature
sensors 102 are aimed at multiple-fixed aiming points
located on the area to be observed. [070] As depicted
in Fig. 10, an exemplary temperature sensor 102 may
include a heat sensor such as, for example, an
infrared thermopile 103, and a lens 116, such that for
a given height H, the thermopile 103 will view an area
A of an object to be observed by the thermopile 103.
Since the thermopile 103 observes an area A based on a
cross-section of a generally conical-shaped projection
P, the size of the area A increases as the distance
from the lens 116 increases, for example, similar to
the cone of the beam of light emitted from a
flashlight, which grows larger in cross-sectional area
as the distance from the flashlight increases. [071]
Fig. 11 depicts an area A having a given length L and
width W for which the temperature is desired to be
observed. For a single temperature sensor 102, an area
a within the larger area A is observed. Furthermore,
as the distance H from the area A to be observed is
increased, that is, as the distance H between the
temperature sensor 102 and the area desired to be
observed increases, the area A observed by the
temperature sensor 102 increases as well. As the area
A observed by the temperature sensor increases,
however, the ability to detect high temperatures
within the increased observed area may become
compromised by the 



fact that the temperature sensor detects the average
temperature observed over the entire area being
observed. This may present an issue when, for example,
a thermal event results in a large temperature
increase at a localized "hot spot" located in some
sub-area of the total observed area A. To the extent
that a temperature sensor measures the average
temperature for the entire observed area A1a localized
high temperature may not be detected within the
observed area due to this averaging phenomenon. [072]
Such a situation may occur, for example, when cargo
containers and/or cargo pallets are observed. For
example, a localized "hot spot" that might otherwise
indicate the presence of a fire in a cargo container
may be detected by a single temperature sensor, but
may render a reading that does not provide a basis for
alerting a flight crew due to averaging errors, as
will be explained in more detail below. On the other
hand, an array of temperature sensors 110 mounted in a
mounting base 112 such that each temperature sensor
102 observes a sub-area of a larger area, such as the
top of a cargo container 20 and/or a cargo pallet 22,
may bemore likely to detect the presence of "hot
spots" that may be an indication of the presence of a
fire in the cargo container 20 and/or on the cargo
pallet 22. [073] During operation, a thermopile
averages the infrared energy in the area it monitors.
For example, assume that a thermopile has a conical
field of view that permits it at a certain range to
monitor, for example, a circular area having a
diameter of about 3.3 feet or an area of about 9
square feet (1296 square inches). Assume the
temperature in that area is 100 Fahrenheit. Assume
that a small fire occurs within this relatively large
area and a 1,000 Fahrenheit "hot spot" of 3.385 inches
in diameter occurs, which represents an area of 9
square inches. The thermopile will detect an increase
in temperature, but it will do so by additively
computing an average temperature by the difference in
areas. In other words, the thermopile will detect a
temperature of 107 Fahrenheit, thus almost completely
overlooking the 9 square inch "hot spot" that has a
temperature of 1,000 Fahrenheit. Such a small detected
temperature rise will not likely be enough to indicate
a fire in a reliable manner, thereby possibly
rendering a single, fixed thermopile device at least
somewhat unsuitable for monitoring the temperature of
relatively large areas from a distance that results in
a large averaging error. [074] If, however, an array
of nine temperature sensors (e.g., nine thermopiles),
for example, is used to observe the 9 square feet
referred to in the example above, with each
temperature sensor observing, for example, one square
foot (144 square inches), one temperature sensor of
the nine temperature sensors would see the 9 square
inch "hot spot" and would detect the temperature of
that "hot spot" to be about 162.5 Fahrenheit. If,
however, the "hot spot" was observed equally by two
temperature sensors (e.g., by virtue of each
temperature sensor being aimed such that they each
observe only about half of the 9 square inch area) the
lowest temperature either would observe would be about
131 .25. Therefore, by increasing the number of
temperature sensors observing an area of a given size
at a given distance, the temperature sensors may be
rendered more useful in detecting "hot spots," for
example, than the use of a single temperature sensor,
for a given distance between the temperature sensor(s)
and the area to be observed. Furthermore, the higher
number of temperature sensors used to monitor the
given area, the more sensitive the detection may
become.[075] According to some exemplary embodiments,
one or more of the exterior surfaces of the containers
may be configured to have an emissivity sufficient to
provide effective readings by the temperature sensors.
For example, the upper surface of a container may be
altered in order to raise the upper surface's
emissivity to a value ranging from about eight tenths
to about one, for example, to about 0.95. The
emissivity of the surface may be increased, for
example, via application of a sticker and/or paint
(e.g., paint in colors ranging from white to black)
substantially 



covering the upper surface of the container. Other
methods of increasing the emissivity known to those
having ordinary skill in the art are contemplated. It
may be desirable to increase the emissivity via a
method and/or device that will resist degradation
caused by heat. [076] In the exemplary embodiment of a
temperature sensor array 110 depicted in Figs. 12-14,
the temperature sensor array 110 may include the
mounting base 112 and thirty-six temperature sensors
102 mounted in the mounting base 112. The mounting
base 112 may include a number of apertures 122
configured to attach the mounting base 112 to a
support in, for example, a cargo area 32 of an
aircraft 30. In the exemplary embodiment depicted in
Fig. 12, the temperature sensors 102 are arranged in a
pattern of six rows and six columns, although
temperature sensor array 110 according to some aspects
may include different numbers of temperature sensors
102 arranged in various differing configurations. The
exemplary temperature sensor array 110 depicted in
Fig. 12 also includes a temperature sensor 120 for
determining the ambient temperature in the cargo area
32. [077] As depicted in Figs. 13 and 14, the
temperature sensors 102 may be arranged in the
mounting base 112 such that they are aimed at slightly
differing angles from one another and such that the
combination of the temperature sensors 102 observes a
larger area than if the temperature sensors 102 were
each aimed at the same angle with respect to the
mounting base 112, for example, parallel to axis O,
which may be orthogonal to the mounting base 112.
[078] According to the exemplary embodiment depicted
in Fig. 13, for example, each of the temperature
sensors 102 may be arranged at an angle (d-i, d2, d
,d4, d5, and d6) that varies slightly from the angle
of the other temperature sensors 102 and/or from an
orthogonal line with respect to the mounting base 112
for a given row of the temperature sensor array 110,
for example, as depicted in Figs. 13 and14. For
example, the angles di , d2, d3,d4, d5, and d6 may
range from about 1 degree to about 60 degrees. For
example, angles d-i, d2, d3,d4, d5, and d6 may be
about - 26.4, -16.6, -5.7, 5.7, 16.6, and 26.4
relative to orthogonal axis O1 respectively. [079]
Referring to Fig. 14, each column of the exemplary
temperature sensor array 110 of Fig. 12 may include
temperature sensors 102, each oriented at an angle
(a-i, a2, a3, a4, a5, and a6) that varies slightly
from the angle of the other temperature sensors 102
for a given column of the temperature sensor array
110. For example, the angles a-i, a2, a3, a4, a5 and
a6 may range from about 1 degree to about 60 degrees.
For example, angles a-t, a2, a3, , a5, and abmay be
about - 2 1.5, -13.3, -4.5, 4.5, 13.3, and 2 1.5
relative to orthogonal axis O, respectively. The
exemplary temperature sensor array 110 depicted in
Figs. 12-14 may accurately monitor a relatively large
area, such as the top of a cargo container 20 and/or
the upper surfaces of a cargo pallet 22 by virtue of
its large number of thermopiles 102, as explained
above. The arrangement and number of temperature
sensors 102 may be different, and the configuration of
the mounting base 112 may be different. [080]
According to some embodiments, the fire temperature
sensor 14 may include fewer temperature sensors 102
than the embodiment depicted in Figs. 12- 14. For
example, the exemplary fire temperature sensor 14
depicted in Figs. 15-17 includes four temperature
sensors 102 that may be located and arranged to
optimize the monitoring of a particular area.
According to the exemplary embodiment depicted in Fig.
16, for example, each of the temperature sensors 102
may be arranged at an angle (di and d2) that varies
slightly from the angle of the other temperature
sensors 102 and/or from an orthogonal line with
respect to the mounting base 112 for a given row of
the temperature sensor array 110. For example, the
temperature sensors 102 may be located in corner
regions of a mounting base 112, as depicted in Figs.
15-17, although the arrangement and number of
temperature sensors 102 may be different, and the
configuration of the mounting base 112 may 



be different. [081] As shown in Figs. 15-17, the
exemplary fire temperature sensor 14 may include a
mounting base 112 having a number of apertures 122 for
mounting the mounting base 112 to, for example, a
cargo area 32 of a cargo transportation vehicle, such
as a cargo aircraft 30. As can be seen in Figs. 16 and
17, the temperature sensors 102 may be mounted in the
mounting base 112 so that they areaimed at slightly
differing orientations, such they the area they
collectively monitor is optimized. For example, the
angles di and 2 may range from about 1 degree to about
60 degrees. Referring to Fig. 17, each column of the
exemplary temperature sensor array 110 of Fig. 17 may
include temperature sensors 102, each oriented at an
angle (ai and 2) that varies slightly from the angle
of the other temperature sensors 102 for a given
column of the temperature sensor array 110. For
example, the angles C and 2 may range from about 1
degree to about 60 degrees. [082] A temperature sensor
array 110 having relatively fewer temperature sensors
102 than, for example, the temperature sensor array
110 shown in Figs. 12- 14, may be used, for example,
in a situation in which the area to be observed by the
temperature sensor array 110 is smaller and/or the
distance (e.g., vertical distance) from the
temperature sensor array 110 to the area to be
monitored is relatively close. For example, some cargo
containers 20 have a height such that the upper
surface of the cargo container 20 is located
relatively close to a given thermopile sensor array
110. In such cases, a relatively fewer number of
thermopiles 102 may be used to effectively monitor the
area of the upper surface of the cargo container 20.
On the other hand, cargo pallets 22, for example, may
have upper surfaces that are relatively farther away
from a temperature sensor array 110 than, for example,
the upper surface of a cargo container 20. As a
result, a temperature sensor array 110 having a
relatively higher number of thermopiles 102 may be
used to effectively monitor the area of the upper
surfaces of the cargo pallet 22. [083] For example, a
temperature sensor array 110 having relatively fewer
temperature sensors 102, for example, four temperature
sensors 102, such as shown in Figs. 15-1 7, may be
used for monitoring the upper surface of a cargo
container 20, and a temperature sensor array 110
having a larger number of temperature sensors 102, for
example, thirty-six temperature sensors 102, such as
shown in Figs. 12-14, may be used for monitoring the
upper surfaces of a cargo pallet 22. Of course, the
number and arrangement of temperature sensors 102 for
a fire temperature sensor 14 may be determined through
routine experimentation by a person having skill in
the art. [084] One or more fire temperature sensors 14
may be mounted throughout, for example, a cargo
aircraft 30 cargo area 32, and the number and location
of each of the fire temperature sensors 14 may be
determined, for example,by aircraft engineers. Each
fire temperature sensor 14 may be configured and
arranged to monitor a defined area for excessive heat
indicating a potentially dangerous condition and/or
fire. [085] Each fire temperature sensor 14 may send
its output to the fire alerting system 16 via, for
example, a digital data bus. The fire alerting system
16 may include a fire warning computer 24, which, for
example, may combine and monitor the status of one or
more, for example, all, of the fire temperature
sensors 14 located in the cargo area 32. A fire
alerting system 16 may in turn send the status of each
of the fire temperature sensors 14 to a fire control
panel 18, which may be, for example, located in a
cargo aircraft 30 cockpit or other location where the
fire control panel 18 may be monitored. The fire
alerting system 16 may also, or alternatively, send
data concerning the status of each of the fire
temperature sensors 14 to other aircraft system users
and/or may send a warning signal to a cockpit control
panel 18 to alert the flight crew of an area
experiencing excessive heat and/or a fire. Thereafter,
the flight crew may manually activate a fire
suppression 



system or a fire suppression system may automatically
be activated. [086] For example, according to some
exemplary embodiments, each fire temperature sensor 14
may monitor one of two variable baseline ambient cargo
area temperatures, the ambient temperature of the
cargo area 32 while the aircraft 30 is on the ground,
and the ambient temperature of the cargo area while
the aircraft is in flight. The fire temperature
sensors 14 may trigger alerts, for example, when
predetermined differentials in these temperatures are
detected during ground operation and/or during
in-flight operation. Monitoring baseline ambient cargo
temperatures may be desirable, for example, because
the ground temperature of some geographic regions may
be relatively low (e.g., in Alaska during the winter)
while the ground temperature of some geographic
regions may be relatively high (e.g., in Arizona
during the summer), so that that monitoring a single,
fixed baseline ambient temperature might result in the
unintended triggering of warnings. On the other hand,
in-flight operation temperatures may not experience
much temperature variation. [087] During operation,
the fire alerting system 16 may be configured to issue
two types of warnings. For example, when a fire
temperature sensor 14 (or any one of more of its
temperature sensors 102) detects a temperature T 1
thatexceeds the ambient temperature for either ground
or in-flight operation by a predetermined
differential, a first warning may be triggered, which
indicates a cautionary condition. When, on the other
hand, a fire temperature sensor 14 (or any one of more
of its temperature sensors 102) detects that the
temperature that exceeds the ambient temperature for
either ground or in-flight operation by the
predetermined differential has continued to rise
and/or has reached a predetermined alert or emergency
level by virtue of reaching a second predetermined
temperature T2, a second warning may be triggered,
which indicates an alert and/or emergency condition.
The temperatures T 1 and T2 may be indicated on the
fire control panel 18, for example, located in the
cockpit of the aircraft 30. Thereafter, the flight
crew may manually activate a fire suppression system
or a fire suppression system may be automatically
activated. [088] Figs. 18 and 19 depict exemplary
aspects of a fire suppression system 40. For example,
Fig. 18 schematically depicts a cross-section of a
cargo aircraft 30, which includes a fuselage 3 1 and a
cargo floor 33. According to some exemplary
embodiments of a fire suppression system 40, such a
system may include, for example, a fire suppressant
delivery system 50, including a device 52 for
delivering fire suppressant and a distribution system
60 for delivering fire suppressant to a fire
suppressant delivery device 52. [089] Referring to
Fig. 18, a cargo aircraft 30 may include a number of
cargo containers 20 located on a cargo floor 33 of a
cargo area 32. Although not necessary to the fire
suppression system 40, some exemplary embodiments may
include one or more fire temperature sensors 14 such
as, for example, the exemplary fire temperature
sensors 14 described herein, which may be configured
to detect an undesirable temperature rise and/or fire
that may be associated with one or more cargo
containers 20 and/or cargo pallets 22. [090] The fire
suppression system 40 may include a device 52
configured to deliver a suppressant material to a
cargo container 20 and/or cargo pallet 22 experiencing
a high temperature and/or a fire. For example, if a
fire occurs in a cargo container 20 (such as
schematically depicted in Fig. 18, for example), the
flames 54 of the fire and the base of the fire may
generally be located within the interior 2 1 of a
cargo container 20. Since the fire is located within
the interior 2 1 of the cargo container 20, it may be
desirable to have a fire suppression system 40 thatis
capable of delivering fire suppressant into the
interior 2 1 of the cargo container 20 in order to
deliver the fire suppressant to the flames 54 and/or
base of the fire. [091] As depicted in the exemplary
arrangement shown in Fig. 18, the fire 



suppressant delivery devices 52, which may be mounted,
for example, over each cargo container 20 and/or cargo
pallet 22 (see, e.g., Fig. 19) may include a nozzle 56
and an extension device 58. The nozzle 56 may be
configured to penetrate, for example, an upper surface
of a cargo container 20, and once the cargo container
20 has been penetrated, to discharge a fire
suppressant into the cargo container 20. [092] The
fire suppressant delivery device 52 may be configured
to be stored in a retracted condition when not in use
(e.g., as shown in Fig. 2 1) , and may be configured
to be extended (e.g., as shown in Fig. 22) during
activation via the extension device 58. In the
exemplary embodiments depicted in Figs. 18 and 19, the
extension device 58 includes a scissors device 60
(see, e.g., Figs. 20 and 2 1) . According to some
embodiments, the extension device 58 may be a linear
actuator (see, e.g., Fig. 22). The extension device 58
may include a sensor 62 that may be preset to have a
predetermined extension limit configured to trigger
the discharge of fire suppressant into a cargo
container 20 and/or above a cargo pallet 22. The fire
suppressant delivery device nozzle 56 may be
configured to pierce the upper surface of a cargo
container 20 and/or to discharge fire suppressant into
the cargo container 20 or onto upper surfaces of a
cargo pallet 22. [093] Referring to Figs. 20 and 2 1,
which depict an exemplary embodiment of a fire
suppressant delivery device 52, the fire suppressant
delivery device 52 may include an extension device 58,
such as the depicted scissors device 60 and may be
mounted over each cargo container 20 and/or cargo
pallet 22 position such that fire suppressant can be
delivered to the cargo containers 20 and/or cargo
pallets 22, for example, in case of a fire or thermal
event associated with one or more of the cargo
containers 20 and/or cargo pallets 22. For example,
the fire suppressant delivery device 52 may be fixed
overhead in the aircraft fuselage 3 1, for example,
via a mounting structure 64, which may be formed of
extruded angles and/or beams (e.g., aluminum angles
and/or I-beams). The mounting structure 64 may vary
depending upon the type of cargo area (e.g., of a
vehicle or a storage facility) and may be specific to
the type, shape, and/or size of the cargo containers
20 and/or pallets 22. The mounting structure 64 may
attach to a base of the fire suppressant
deliverydevice 52 via rivets, bolts, screws, adhesive
and/or any other desired attachment structure or
method. [094] According to some embodiments, the fire
suppressant delivery device 52 may be configured to
extend downward, for example, via an extension device
58 when activated by an alerting system, such as the
fire detection system 10 described previously herein,
although the fire suppressant delivery device 52 may
be used without such a system (e.g., via manual
activation) and/or in conjunction with other fire
alerting systems. The fire suppressant delivery device
52 may be stowed with the extension device 53 in a
retracted position (see, e.g., Fig. 2 1) , for
example, while not activated to provide increased
clearance for cargo and/or cargo personnel moving
within the cargo area 32. When the fire suppressant
delivery device 52 is activated (e.g., when responding
to a detected high temperature and/or a fire), the
extension device 53 may be extended via a motor 66,
which may drive a gear box 68, which turns a threaded
acme rod 70 (see, e.g., Figs. 20 and 21). The threaded
acme rod 70 passes through a motor mount trunnion 72
and engages a threaded trunnion 74. The motor 66 may
be, for example, either a DC-type motor operating on
nominal 24-28 volt aircraft power or an AC-type motor
operating on 115 volt, 400 hertz, 3-phased, aircraft
power. The threaded trunnion 74 causes expansion of
four pivoted link arms 7 1, 73, 75, and 77, which are
pivoted on four pivot bolts 79, 8 1, 83, and 85 having
spacers. Each of the four pivoted link arms 7 1, 73,
75, and 77, although visually similar, have slightly
different gear cadence (gear tooth locations) at their
upper and lower ends. At top and bottom locations of
each of the pivoted link arms 7 1, 73, 75, and 77,
gear teeth 87 may be provided to cooperate with each
other 



for mutual support of the pivoted link arms 7 1, 73,
75, and 77. [095] According to some embodiments, the
nozzle 56 may be held in a retracted and/or horizontal
position by a detent arm 89, which engages a depressed
area 9 1 in a detent cam 93. The nozzle 56 may be
configured to rotate, for example, approximately 90 in
a frame 95, which includes two frame pieces 97 and 99
held together by frame bolts and spacers. As the
pivoted link arms 7 1, 73, 75, and 77 extend, the
nozzle 56 is driven to an extended and/or vertical
position via, for example, a spring 101 . The nozzle
56 may then be locked in a vertical position by a
spring-loaded plunger 103, which slides in a lower
detent mount 105 and engages in the detent cam 93.
This may prevent the nozzle 56 from folding or
jackknifing uponcontacting, for example, the top of
either a cargo container 20 or a cargo pallet 22. The
nozzle 56 is hollow and provides a passage 107 for
fire suppressant delivery therethrough and may include
a swivel port 109 to accommodate flow of fire
suppressant to the passage 107, so that fire
suppressant can be delivered through the passage 107
to a cargo container 20 and/or a cargo pallet 22. The
nozzle 56 may include a piercing end 110 configured to
penetrate the upper surface of a cargo container 20.
The piercing end 110 may include a hardened edge 111
formed of, for example, carbide and/or similar
material. [096] Aircraft cargo containers sometimes
have relatively light gauge roofs constructed of, for
example, 0.032 inch to 0.040 inch thick 2024 series
aluminum. The nozzle 56, for example, may include an
interior portion housing a screen 113 (e.g., having a
conical shape) to facilitate formation of bubbles for
foam-type fire suppressant agents. The nozzle 56 may
be configured to accommodate either a single-component
suppressant agent and/or a multi-component suppressant
agent, which may be mixed, for example, within the
nozzle 56 prior to delivery into a cargo container 20
and/or delivery onto a cargo pallet 22. For example,
the fuselage 3 1 of an aircraft 30 may include supply
manifolds and/or supply lines for delivering fire
suppressant agents to the fire suppressant delivery
device 52. [097] The nozzle 56 may include an external
collar 115, for example, which serves as a mount for a
cargo container limit microswitch 117. When a cargo
container 20 has been penetrated by the nozzle 56 to a
sufficient depth to allow fire suppressant to be
delivered into the cargo container 20, the limit
microswitch 117 may be triggered to terminate power to
the fire suppressant delivery device motor 66, and may
open a valve (see, e.g., Figs. 23-25), which allows
fire suppressant under pressure to flow through the
nozzle 56 and into the cargo container 20. [098] If
the nozzle 56 does not encounter a cargo container 20
during its downward travel, for example, when there is
either a shorter cargo container 20 or a cargo pallet
22 in that particular cargo location, the extension
device 53 will continue to extend to its fully
extended limit until a full-extent limit microswitch
118 contacts an adjustable contact 119 (e.g., an
adjustable eccentric contact), power to the motor 66
will be terminated, and a valve (see, e.g., Figs.
23-25) will allow fire suppressant under pressure to
flow through the nozzle passage 107 and flood an area
underneath the fire suppressant delivery device
52.[099] As mentioned above, some embodiments of fire
suppressant delivery device 52 may include an
extension device 53 including a linear actuator 121 .
For example, Fig. 22 schematically depicts a fire
suppressant delivery device 52, which may include a
linear actuator 121 coupled to a mounting structure
64. According to some embodiments, the linear actuator
121 may be pneumatically operated via, for example, a
pneumatic pump, hydraulic fluid, and/or pressurized
gas. According to some embodiments, the linear
actuator 121 may be electrically operated. The fire
suppressant delivery device 52 may include a nozzle 56
having a piercing end 110 configured to penetrate the
upper surface of a cargo container 20. The piercing
end 110 may include a hardened edge 111 formed of, for
example, carbide or other similar material. According
to some embodiments, the fire suppressant delivery 



device 52 may further include a limit microswitch 117
configured to stop extension of the linear actuator
121 when the piercing end 110 of the nozzle 56 has
reached a sufficient depth into the cargo container 20
to allow fire suppressant to be delivered to the
interior of the cargo container 20. [0100] Some
embodiments of a fire suppression system 40 may
include a fire suppressant distribution system 120 for
distributing fire suppressant to, for example, a fire
suppressant delivery device 52, such as described
herein, although the fire suppressant distribution
system 120 may be used in association with other
devices and/or methods and/or in other environments.
Fire suppressant may be used to suppress any flames
and/or may provide a large cooling effect, thereby
increasing the effectiveness of the fire suppression
system 40. The fire suppressant may include a chemical
knock-down agent, for example, in either a gaseous
and/or particulate form, which may suppress flames
and/or which may provide a large cooling effect,
thereby increasing the effectiveness of any foam agent
delivered to the fire or heat, for example, by
substantially preventing the boiling of the foam agent
prior to application to the flames or heat. [0101] In
the exemplary embodiment of a fire suppressant
distribution system 120 shown in Fig. 23, for example,
a foam suppressant agent may be contained in a
container 122 (e.g., a pressure vessel). The container
122 may be formed, for example, from aluminum-spun
carbon fiber or other suitable material (i.e., when
container 122 is a pressure vessel). The foam
suppressant agent may include, for example, a
surfactant having a propellant gas and an aerating
gasdissolved therein, for example, somewhat similar to
a can of shaving cream. For example, the foam
suppressant agent may be aerated with a non-oxygen
carrying gas such as, for example, nitrogen and/or
argon, and may be a nitrogen-aerated foam and/or
argon-aerated foam (e.g., a foam marketed by Ansul
Inc. as TARGET 7). According to some exemplary
embodiments, a foam generator may be provided for
generating foam suppressant agent. For example, the
foam generator may include a conical screen (not
shown) into which surfactant is sprayed while gas
flows through the conical screen, thereby generating
foam suppressant agent. The surfactant may be altered
(e.g., chemically) to vary its properties, such as,
for example, its viscosity and/or persistence, to
optimize the foam's properties for its intended use.
[0102] When the surfactant and gas are released from
the container 122, the surfactant and gas may generate
a foam suppressant agent, which may then flow through,
for example, a single distribution manifold 124 and
through one of multiple branch feed lines 126 to a
fire suppressant delivery device 52 positioned over a
cargo container 20 and/or cargo pallet 22 experiencing
an undesirably high temperature and/or a fire. A
shut-off valve 128 may be located in the branch feed
line 126 and may open, thereby directing the foam
suppressant agent to flow through the fire suppressant
delivery device 52, where it may either be injected
into a cargo container 20 or substantially blanket a
cargo pallet 22, thereby suppressing and/or
extinguishing a fire and/or cooling any undesirably
high temperatures associated with the cargo container
20 or cargo pallet 22. [01 03] The exemplary
embodiment of fire suppressant distribution system
shown in Fig. 24 includes two containers 122, one for
containing surfactant and one for containing gas. For
example, the surfactant may be a foam marketed by
Ansul Inc. as TARGET 7, and the gas may be a
non-oxygen carrying gas such as nitrogen and/or argon.
The container 122 for containing gas may be a pressure
vessel, and the container 122 containing surfactant
may be a corrosion-resistant tank. Each container 122
may be in flow communication with a main mixing nozzle
132 via branch feed lines 126. The branch feed lines
126 may each include a shut-off valve 128. The main
mixing nozzle 132 may be in flow communication with a
distribution 



manifold 124. The distribution manifold 124 may be in
flow communication with a fire suppressant delivery
device 52 having a nozzle delivery line 130, which
mayinclude a shut-off valve 129. The main mixing
nozzle 132 may be configured to receive surfactant and
gas from the containers 122 and to generate a foam
suppressant agent. The foam suppressant agent may then
be conveyed (e.g., via pumping) through the
distribution manifold 124 and through the delivery
line 130 and shut-off valve 129 to the fire
suppressant delivery device 52 located over either a
cargo container 20 or a cargo pallet 22 experiencing a
fire and/or undesirably high heat, thereby suppressing
and/or extinguishing the fire and/or cooling the high
heat condition. [01 04] The exemplary embodiment of
fire suppressant distribution system 120 depicted in
Fig. 25 is configured to generate foam suppressant
agent at the location of each fire suppressant
delivery device 52. In this exemplary embodiment, two
containers 122, one containing surfactant and one
containing gas, may be in flow communication with two
distribution manifolds 124 rather than a single
manifold 124. Each container 122 may include a
shut-off valve 128. The two distribution manifolds 124
may be in flow communication with two branch lines
126, one for surfactant and one for gas, for each fire
suppressant material delivery device 52. Each branch
line 126 may include a shut-off valve 129. According
to some embodiments, when activated, surfactant may be
injected into a vertically-oriented nozzle 56 such
that a screen 113 (e.g., having a conical shape)
located within the nozzle passage 107 (see, e.g.,
Figs. 2 1 and 22) may be coated with surfactant in a
substantially continuous manner during activation, and
a gas may be substantially constantly blown at a
relatively low pressure from an annular ring of
openings (not shown) surrounding the nozzle 56 into
the screen 113. As gas passes through the
surfactant-coated screen 113, bubbles of foam
suppressant agent are generated and are delivered via
the nozzle 56 to the cargo container 20 and/or cargo
pallet 22 experiencing a fire and/or undesirably high
heat, thereby suppressing and/or extinguishing the
fire and/or cooling the high heat condition. [0105]
According exemplary embodiments, each of the systems
may be used together. For example, a combination fire
detection system and fire suppression system may
include a fire detection system 10, including a fire
temperature sensor system 12, which may include one or
more fire temperature sensors 14. The combination
system may further include a fire altering system 16
and a fire control panel 18. The combination system
may also include a firesuppression system 40,
including a fire suppressant distribution system 120
having one or more fire suppressant delivery devices
52. [0106] During operation, one or more of the fire
temperature sensors 14 may detect a fire or an
undesirably high temperature associated with a cargo
container 20 or cargo pallet 22. A signal from the
fire temperature sensor 14 may be received by the fire
alerting system 16, which may send a signal to the
fire control panel 18 alerting, for example, a flight
crew, to the presence of a fire or an undesirably high
temperature. The fire alerting system 16 may
automatically activate the fire suppression system 40.
Alternatively, a member of the fight crew may activate
the fire suppression system 40 manually. Once the fire
suppression system 40 has been activated, it may
deliver fire suppressant material to the area
experiencing the fire or undesirably high temperature
via the fire suppressant distribution system 120 and
one or more fire suppressant delivery devices 52.
[0107] Although the various systems described herein
may be used in conjunction with one another, according
to certain embodiments, it is contemplated that any
single one of the systems described herein may be used
without the other systems described herein, or that
any number of the described systems may be used
together. [0108] It will be apparent to those skilled
in the art that various modifications 



and variations can be made to the structure described
herein. Thus, it should be understood that the
invention is not limited to the subject matter
discussed in the specification. Rather, the present
invention is intended to cover modifications and
variations.WHAT IS CLAIMED IS: 1. A combination fire
detection and fire suppression system, the system
comprising: a fire detection system configured to
detect an undesirably high temperature associated with
an area, the fire detection system comprising a
temperature sensor comprising a temperature sensor
array configured to receive temperature information
associated with the area, a fire alerting system
associated with the temperature sensor, the fire
alerting system being configured to receive
information from the temperature sensor and generate a
warning signal based on an undesirably high
temperature associated with the area, and a fire
control panel associated with the fire alerting
system, the fire control panel being configured to
receive the warning signal; and a fire suppression
system comprising a fire suppressant delivery system
configured to provide at least one fire suppressant
agent to the area associated with the undesirably high
temperature. 2. The combination of claim 1, wherein
the temperature sensor array comprises a plurality of
temperature sensing devices configured to monitor the
temperature information associated with the area. 3.
The combination of claim 2, wherein the temperature
sensor array comprises a base, wherein the plurality
of temperature sensing devices is associated with the
base. 4. The combination of claim 3, wherein the
plurality of temperature sensing devices is associated
with the base such that at least one of the
temperature sensing devices is oriented at an angle
with respect to the base that differs from an angle
with respect to the base at which at least one other
temperature sensing device is oriented with respect to
the base.5. The combination of claim 3, wherein the
plurality of temperature sensing devices is oriented
with respect to the base such that at least one of the
temperature sensing devices monitors a portion of the
area that at least another of the temperature sensing
devices does not monitor. 6. The combination of claim
5, wherein each of the temperature sensing devices
monitors a portion of the area. 7. The combination of
claim 2, wherein the temperature sensing devices are
configured to detect infrared radiation. 8. The
combination of claim 2, wherein the temperature
sensing devices comprise thermopiles. 9. The
combination of claim 3, wherein the base defines a
plurality of apertures configured to receive at least
one temperature sensing device. 10. The combination of
claim 9, wherein the apertures are configured such
that each of the temperature sensing devices is aimed
so that each temperature sensing device receives
temperature information from at least a portion of the
area different from another of the temperature sensing
devices. 11. The combination of claim 1, wherein the
temperature sensor comprises at least four temperature
sensing devices. 12. The combination of claim 1,
wherein the temperature sensor comprises at least 36
temperature sensing devices. 13. The combination of
claim 1, wherein the temperature sensor comprises a
device for determining the ambient temperature in the
vicinity of the temperature sensor.14. The combination
of claim 3, wherein at least one of the temperature 



sensing devices is associated with the base at angle
with respect to an axis orthogonal to the base,
wherein the angle ranges from about 1 degree to about
60 degrees. 15. The combination of claim 14, wherein
the angle ranges from about 4 degrees to about 27
degrees. 16. The combination of claim 3, wherein the
base is formed of aluminum. 17. The combination of
claim 1, wherein the fire alerting system comprises a
computer. 18. The combination of claim 2, wherein the
fire alerting system is configured to monitor the
temperature information received from each of the
plurality of temperature sensing devices. 19. The
combination of claim 1, wherein the fire alerting
system is configured to compare temperature
information received from the temperature sensor to a
reference temperature and determine whether there is
an undesirably high temperature associated with the
area. 20. The combination of claim 1, wherein the fire
alerting system is configured to compare temperature
information received from the temperature sensor to a
reference temperature and determine whether there is a
fault with the temperature sensor. 2 1. The
combination of claim 1, wherein the fire alerting
system comprises a fire alerting computer, wherein the
fire alerting computer is configured to be programmed
to identify a location and type of cargo unit
associated with the area.22. The combination of claim
1, further comprising the at least one fire
suppressant agent, wherein the at least one fire
suppressant agent comprises at least one of a
nitrogen-aerated foam and an argon-aerated foam. 23.
The combination of claim 1, wherein the fire
suppressant delivery system comprises a first
container containing a surfactant and a second
container containing a gas. 24. The combination of
claim 23, wherein the surfactant comprises at least
one material configured to generate a foam agent when
mixed with the gas. 25. The combination of claim 23,
wherein the gas comprises a non-oxygen carrying gas.
26. The combination of claim 23, wherein the gas
comprises at least one of argon and nitrogen. 27. The
combination of claim 23, wherein the first container
comprises a corrosion-resistant container. 28. The
combination of claim 23, wherein the second container
comprises a pressure vessel. 29. The combination of
claim 28, wherein the pressure vessel comprises
aluminum-spun carbon fiber. 30. The combination of
claim 23, wherein the fire suppressant delivery system
is configured to provide flow communication between
the first and second containers and the area. 3 1. The
combination of claim 30, wherein the fire suppressant
delivery system comprises at least one manifold in
flow communication with the first andsecond containers
and a nozzle in flow communication with the at least
one manifold. 32. The combination of claim 3 1,
wherein the nozzle is configured to discharge fire
suppressant agent generated by mixing the surfactant
and the gas. 33. The combination of claim 3 1, further
comprising an extension device associated with the
nozzle, wherein the extension device is configured to
move the nozzle. 34. The combination of claim 33,
wherein the extension device comprises a motor-driven
scissors device. 



35. The combination of claim 33, wherein the extension
device comprises a pneumatically-operated linear
actuator. 36. The combination of claim 3 1, wherein
the nozzle comprises a tip configured to penetrate a
barrier such that the nozzle can discharge fire
suppressant agent into an area behind the barrier. 37.
The combination of claim 36, further comprising an
extension device associated with the nozzle, wherein
the tip is configured to penetrate the barrier as the
extension device moves the nozzle such that the nozzle
can discharge fire suppressant agent behind the
barrier. 38. The combination of claim 30, wherein the
fire suppressant delivery system comprises a mixing
area configured to be in flow communication with a
supply of the surfactant and a supply of the gas. 39.
The combination of claim 38, wherein the fire
suppressant delivery system comprises at least one
manifold in flow communication with the first and
second containers and a nozzle, wherein the mixing
area is located between the first and second
containers and the at least one manifold.40. The
combination of claim 38, wherein the fire suppressant
delivery system comprises at least two manifolds in
flow communication with the first and second
containers and a nozzle in flow communication with the
at least two manifolds, wherein the at least two
manifolds comprises two manifolds each configured to
convey one of the surfactant and the gas to the mixing
area, and wherein the mixing area is located in the
nozzle. 4 1. The combination of claim 1, wherein the
fire control panel is configured to display at least
one of a fire warning alert, a high temperature alert,
a cargo type associated with an alert, system status
information, and location and temperature information
associated with a cargo fire. 42. A system for
protecting cargo, the system comprising: the
combination of claim 1; and at least one cargo unit.
43. The system of claim 42, wherein the at least one
cargo unit comprises at least one of a cargo container
and a cargo pallet. 44. The system of claim 42,
wherein the area comprises an upper surface of the at
least one cargo unit. 45. The system of claim 42,
wherein the temperature sensor is located above the at
least one cargo unit. 46. The system of claim 42,
wherein the at least one cargo unit comprises a
plurality of cargo units and the temperature sensor
comprises a plurality of temperature sensors, wherein
each of the plurality of temperature sensors is
located above a respective one of the cargo units. 47.
The system of claim 42, wherein the at least one cargo
unit comprises at least one cargo container and at
least one cargo pallet.48. The system of claim 47,
wherein at least a first temperature sensor is located
above the at least one cargo container and at least
one second temperature sensor is located above the at
least one cargo pallet, wherein the first temperature
sensor comprises fewer temperature sensing devices
than the second temperature sensor. 49. The system of
claim 42, wherein the fire suppression system
comprises a fire suppressant delivery device
configured to deliver fire suppressant to the area
associated with the undesirably high temperature. 50.
The system of claim 42, wherein the fire suppressant
delivery device comprises a nozzle and an extension
device configured to move the nozzle. 5 1. The system
of claim 50, wherein the nozzle comprises a piercing
tip configured to penetrate an upper surface of the at
least one cargo unit and provide fire suppressant
material to an interior of the at least one cargo
unit. 



52. The system of claim 42, wherein the fire alerting
system comprises a fire alerting computer, wherein the
fire alerting computer is configured to be programmed
to identify a location and type of cargo unit. 53. A
fire detection system configured to detect an
undesirably high temperature associated with an area,
the fire detection system comprising: a temperature
sensor comprising a temperature sensor array
configured to receive temperature information
associated with an area; a fire alerting system
associated with the temperature sensor, the fire
altering system being configured to receive
information from the temperature sensor and generate a
warning signal based on an undesirably high
temperature associated with the area; and a fire
control panel associated with the fire alerting
system, the fire control panel being configured to
receive the warning signal.54. The system of claim 53,
wherein the temperature sensor array comprises a
plurality of temperature sensing devices configured to
monitor the temperature information associated with
the area. 55. The system of claim 54, wherein the
temperature sensor array comprises a base, wherein the
plurality of temperature sensing devices is associated
with the base. 56. The system of claim 55, wherein the
plurality of temperature sensing devices is associated
with the base such that at least one of the
temperature sensing devices is oriented at an angle
with respect to the base that differs from an angle
with respect to the base at which at least one other
temperature sensing device is oriented with respect to
the base. 57. The system of claim 55, wherein the
plurality of temperature sensing devices is oriented
with respect to the base such that at least one of the
temperature sensing devices monitors a portion of the
area that at least another of the temperature sensing
devices does not monitor. 58. The system of claim 57,
wherein each of the temperature sensing devices
monitors a portion of the area. 59. The system of
claim 54, wherein the temperature sensing devices are
configured to detect infrared radiation. 60. The
system of claim 54, wherein the temperature sensing
devices comprise thermopiles. 6 1. The system of claim
55, wherein the base defines a plurality of apertures
configured to receive at least one temperature sensing
device. 62. The system of claim 6 1, wherein the
apertures are configured such that each of the
temperature sensing devices is aimed so that each
temperature sensingdevice receives temperature
information from at least a portion of the area
different from another of the temperature sensing
devices. 63. The system of claim 53, wherein the
temperature sensor comprises at least four temperature
sensing devices. 64. The system of claim 53, wherein
the temperature sensor comprises at least 36
temperature sensing devices. 65. The system of claim
53, wherein the temperature sensor comprises a device
for determining the ambient temperature in the
vicinity of the temperature sensor. 66. The system of
claim 55, wherein at least one of the temperature
sensing devices is associated with the base at angle
with respect to an axis orthogonal to the base,
wherein the angle ranges from about 1 degree to about
60 degrees. 67. The system of claim 66, wherein the
angle ranges from about 4 degrees to about 27 degrees.
68. The system of claim 55, wherein the base is formed
of aluminum. 69. The system of claim 53, wherein the
fire alerting system comprises a 



computer. 70. The system of claim 54, wherein the fire
alerting system is configured to monitor the
temperature information received from each of the
plurality of temperature sensing devices. 7 1. The
system of claim 53, wherein the fire alerting system
is configured to compare temperature information
received from the temperature sensor to a reference
temperature and determine whether there is an
undesirably high temperature associated with the
area.72. The system of claim 53, wherein the fire
alerting system is configured to compare temperature
information received from the temperature sensor to a
reference temperature and determine whether there is a
fault with the temperature sensor. 73. The system of
claim 53, wherein the fire alerting system comprises a
fire alerting computer, wherein the fire alerting
computer is configured to be programmed to identify a
location and type of cargo unit associated with the
area. 74. A temperature sensor array configured to
receive temperature information associated with an
area, the temperature sensor array comprising: a base,
and a plurality of temperature sensing devices
associated with the base such that the temperature
sensing devices are arranged to monitor the
temperature of the area, wherein at least one of the
temperature sensing devices is oriented at an angle
with respect to the base that differs from an angle
with respect to the base at which at least one other
temperature sensing device is oriented with respect to
the base. 75. The temperature sensor of claim 74,
wherein the temperature sensing devices are configured
to detect infrared radiation. 76. The temperature
sensor of claim 74, wherein the temperature sensing
devices are thermopiles. 77. The temperature sensor of
claim 74, wherein the base defines a plurality of
apertures configured to receive at least one
temperature sensing device. 78. The temperature sensor
of claim 77, wherein the apertures are configured such
that each of the temperature sensing devices is aimed
so that eachtemperature sensing device receives
temperature information from at least a portion of the
area different from another temperature sensing
device. 79. The temperature sensor of claim 74,
wherein the temperature sensor comprises at least four
temperature sensing devices. 80. The temperature
sensor of claim 74, wherein the temperature sensing
comprises at least 36 temperature sensing devices. 8
1. The temperature sensor of claim 74, further
comprising a device for determining the ambient
temperature in the vicinity of the temperature sensor.
82. The temperature sensor of claim 74, wherein at
least one of the temperature sensing devices is
associated with the base at angle with respect to an
axis orthogonal to the base, wherein the angle ranges
from about 1 degree to about 60 degrees. 83. The
temperature sensor of claim 82, wherein the angle
ranges from about 4 degrees to about 27 degrees. 84. A
fire suppression system configured to at least one of
reduce the temperature of an area experiencing an
undesirably high temperature, suppress a fire
associated with the area, and extinguish a fire
associated with the area, the system comprising: a
fire suppressant delivery system configured to provide
at least one fire suppressant agent to the area, the
fire suppressant delivery system comprising a first
container containing a surfactant, 



a second container containing a gas, and at least one
manifold in flow communication with the first and
second containers; a nozzle in flow communication with
the at least one manifold, the nozzle being configured
to discharge fire suppressant agent generated by
mixing the surfactant and the gas; andan extension
device associated with the nozzle, the extension
device being configured to move the nozzle. 85. The
fire suppression system of claim 84, wherein the
nozzle comprises a tip configured to penetrate a
barrier such that the nozzle can discharge fire
suppressant agent into an area behind the barrier. 86.
The fire suppression system of claim 85, wherein the
tip is configured to penetrate the barrier as the
extension device extends the nozzle such that the
nozzle can discharge fire suppressant agent behind the
barrier. 87. The fire suppression system of claim 84,
wherein the fire suppressant delivery system comprises
a mixing area configured to be in flow communication
with a supply of the surfactant and a supply of the
gas. 88. The fire suppression system of claim 87,
wherein the mixing area is located between the first
and second containers and the at least one manifold.
89. The fire suppression system of claim 87, wherein
the at least one manifold comprises two manifolds each
configured to convey one of the surfactant and the gas
to the mixing area, and wherein the mixing area is
located in the nozzle. 90. The fire suppression system
of claim 84, wherein the fire suppressant agent
comprises at least one of a nitrogen-aerated foam and
an argon-aerated foam. 9 1. The fire suppression
system of claim 84, wherein the surfactant comprises
at least one material configured to generate a foam
agent when mixed with the gas. 92. The fire
suppression system of claim 84, wherein the gas
comprises a non-oxygen carrying gas.93. The fire
suppression system of claim 84, wherein the gas
comprises at least one of argon and nitrogen. 94. The
fire suppression system of claim 84, wherein the first
container comprises a corrosion-resistant container.
95. The fire suppression system of claim 84, wherein
the second container comprises a pressure vessel. 96.
The fire suppression system of claim 95, wherein the
pressure vessel comprises aluminum-spun carbon fiber.
97. The fire suppression system of claim 84, wherein
the extension device comprises a motor-driven scissors
device. 98. The fire suppression system of claim 84,
wherein the extension device comprises a
pneumatically-operated linear actuator. 


