
SUBSTITUTED IMIDAZOLES AS TAFIA INHIBITORS The present
invention describes a series of substituted imidazoles
as TAFIa inhibitors, useful in the treatment of
disease. Thrombin Activatable Fibrinolysis Inhibitor,
TAFI, is a 60kDa glycoprotein found in human plasma. t
is also known as procarboxypeptidase B,
carboxypeptidase B, plasma carboxypeptidase B,
carboxypeptidase U and carboxypeptidase R. It plays an
intrinsic part in the blood coagulation process,
during which it is transformed into an activated form,
TAFIa, whereupon it acts upon the fibrin matrix which
comprises a developing blood clot to prevent its
dissolution. Imbalances in the blood coagulation
process are thought to be the origin of a large and
disparate number of disease conditions, which are
linked by an unwanted build up of fibrin. The scale of
fibrin build up is determined by the delicate
equilibrium between two biochemical cascades in the
human body; the coagulation and fibrinolysis cascades.
These cascades are an integral part of maintaining
hemostasis. To maintain hemostasis in the blood,
mammals have developed mechanisms to repair the body
in the event of vascular injury. The injured blood
vessel will constrict to reduce the blood flow to the
area. Platelets will aggregate to reduce the loss of
blood from the area, followed by fibrinogen which will
polymerise and form a fibrin clot. This clot will
cover the area of vascular damage, preventing blood
loss. Once the blood vessel has been repaired the clot
will then dissolve. The coagulation cascade is
responsible for the forming of a clot; the
fibrinolysis cascade is responsible for the
dissolution of the clot. Studies have shown that these
two processes are intrinsically linked through the
generation of a-thrombin. a-Thrombin is the final
product of the blood coagulation cascade and is
responsible for the conversion of soluble plasma
fibrinogen to an insoluble fibrin matrix. Polymerised
fibrin provides a haemostatic plug which prevents
blood loss from the site of vascular injury and
provides a provisional matrix which enhances the
subsequent repair process. In addition to mediating
coagulation, - thrombin also reduces the rate at which
blood clots are broken down by the serineprotease
plasmin. The anti-fibrinolytic activity of -thrombin
results from its activation of TAFI. TAFI circulates
in normal plasma at a concentration of about 75n in an
inactive form. Thrombin converts the inactive zymogen
to the active TAFI (TAFIa), a reaction that is
augmented about 1250-fold by thrombomodulin. Once
activated, TAFIa cleaves both C-terminal arginine and
lysine residues from the developing fibrin clot. The
removal of di-basic amino acids from the surface of
the fibrin matrix attenuates clot lysis by inhibiting
the binding of the key mediators of fibrinolysis:
tissue plasminogen activator (tPA) and its substrate,
plasminogen, which is the precursor of plasmin. Both
tPA and plasminogen contain a structural motif called
a kringle domain which binds tightly to C-terminal
lysine residues. The removal of these binding sites
prevents the formation of a ternary complex between
tPA, plasminogen and fibrin and this inhibits the
conversion of plasminogen to plasmin, thus protecting
the clot from rapid degradation. It can be seen that
if the equilibrium between coagulation and
fibrinolysis is in favour of coagulation, then there
will be a larger amount of fibrin present than normal.
This makes it more likely that the subject will
develop one or more of the conditions in which
thrombus build up is implicated. By the use of a TAFIa
inhibitor, TAFIa will not be able to act upon a
developing fibrin clot as described above to inhibit
fibrinolysis of the clot. Thus a TAFIa inibitor should
serve to enhance the fibrinolysis cascade. The use of
TAFI inhibitors to treat certain conditions is known
in the art. Whilst the use of TAFIa inhibitors to
treat such conditions is unknown, certain weak, non
specific TAFIa inhibitors have been identified. USA
5993815 teaches the use of a peptide that binds to the
TAFI zymogen, inhibiting activation of the TAFI
zymogen, to treat those disorders where a C-terminal
lysine or arginine is cleaved from an intact peptide.
Suitable disorders are arthritis, sepsis, thrombosis,
strokes, deep vein thrombosis and myocardial
infarctions. The peptide used is an antibody or a
functionally active fragment. The peptide should be
used in an amount to promote fibrinolysis in
vivo.McKay et al, Biochemistry, 1978, 17, 401 ,
discloses the testing of a number of compounds as
competitive inhibitors of bovine carboxypeptidase B of
pancreatic origin. Inhibition was measured by the
inhibitor's efficiency in protecting the active centre
tyrosine and glutamic acid of bovine carboxypeptidase
B from irreversible alkylation by
bromoacetyl-D-arginine or
bromoacetamidobutylguanidine. It is suggested that
such inhibitors could act as bradykinin potentiators.
Bovine enzymes of pancreatic origin are very different
to those found in human plasma, so one would not
expect inhibitors of one to inhibit the other.
Moreover, such inhibitors are directed towards a very
different utility. Accordingly the above reference
contains no teaching of TAFIa inhibitors or their
utility. Redlitz et al, J. Clin. Invest. 1995, 96,
2534, teaches the involvement of plasma
carboxypeptidase B (pCPB, or TAFI) in the formation of
clots. The lysis of blood clots was followed in the
absence and presence of pCPB, whereupon it was found
that the presence of pCPB slowed clot lysis. To
confirm that pCPB was responsible two control
reactions were run; one where the lysis experiment was
repeated in the 



presence of pCPB and a carboxypeptidase inhibitor,
PCI, a second where the lysis reaction was conducted
in the presence of plasma from which pCPB was removed.
In both cases lysis proceeded uninhibited. Boffa et
al, J. Biol. Chem. 1998, 273, 2127, compares plasma
and recombinant TAFI and TAFIa with respect to
glycosylation, activation, thermal stability and
enzymatic properties. Inhibition constants for three
competitive inhibitors were determined: e-
aminocaproic acid (e-ACA),
2-guanidinoethylmercaptosuccinic acid (GEMSA) and
potato carboxypeptidase inhibitor (PCI). There are
large numbers of carboxypeptidases, characterised by
cleaving the Cterminal amino acid from a peptide. They
may be divided into acidic, neutral or basic,
depending on the type of amino acid they cleave. Basic
carboxypeptidases cleave arginine, lysine and
histidine. TAFIa is a specific subset of basic
carboxypeptidases. In terms of the present invention
the inhibitors disclosed above by Redlitz et al and
Boffa et al, are too weak, non-specific or otherwise
unsuitable to be considered assuitable TAFIa
inhibitors for therapeutic application. Further,
whilst the role of TAFIa in clot lysis is explained,
there is no suggestion that TAFIa inhibitors can be
used to treat disease. WOOO/66550 discusses a broad
class of compounds useful as inhibitors of
carboxypeptidase U. Inhibitors of carboxypeptidase U
are postulated to facilitate fibrinolysis and thus the
compounds are taught as useful in the treatment of
thrombotic conditions. There is no data to support
this assertion, though details of a suitable assay are
given. WO00/66152 discloses formulations containing a
carboxypeptidase U inhibitor and a thrombin inhibitor.
Suitable carboxypeptidase U inhibitors are those of
WOOO/66550. The formulations are taught as primarily
useful in treating thrombotic conditions. The present
invention discloses a class of TAFIa inhibitors. There
are very great advantages in using a TAFIa inhibitor
over a TAFI inhibitor. TAFI is activated to TAFIa by
reaction with thrombin. A TAFI inhibitor must prevent
these two large peptides coming together to react at
the appropriate site. To date only large peptides have
been described which can interfere with this reaction
(USA-5993815). However, it has been discovered that
the active site on TAFIa, responsible for reacting
with a developing clot, is small, and thus can be
blocked by a small molecule, one with a molecular
weight of below 1000, preferably below 500. It is a
great advantage to have a low molecular weight
compound as the 'active' in a medicament. They are
associated with oral bioavailability and patients
usually prefer oral formulations. Further there is the
potential for peptide therapeutics to induce an immune
response. This is unlikely to be an issue with a small
molecule. Small molecules are also generally more
stable in plasma and thus have a greater duration of
action. This is unlikely to be the case with large
molecules, particularly peptides. For these reasons a
TAFIa inhibitor is preferred. The invention provides a
potent class of TAFIa inhibitors. The present
invention provides as a preferred set of TAFIa
inhibitors, compounds of formula (I)(I) Where: X is N
or CH n is 0 to 3 R1 is: a) C 6 alkyl, straight chain
or branched chain, b) C1-6 alkenyl, straight chain or
branched chain, c) C -i-6 alkynyl, straight chain or
branched chain, d) Heterocycle, e) Aromatic
heterocycle, f) Aryl; g) hydrogen; said groups (a),
(b) and (c) optionally further substituted by: C3
cycloalkyl, aryl, aromatic heterocycle, heterocycle,
OR1 1 , NR11R12 , S(O)pR11 , OC(O)R 1 1 , CO2R11 ,
CONR 1R12 , SO2NR11R12 , halo and NHSO2R11 , where R
may be attached at any position on the imidazole ring.
R2 and R3 are each independently selected from
hydrogen, C1-6 alkyl, optionally further substituted
by OR1 1 , halo; or wherein R2 and R3 may be joined to
form a link, said link is C2-6 alkylene. R4 is
hydrogen, Ci-6 alkyl, optionally further substituted
by C3-7 cycloalkyl, aryl, OR1 1 , halo and R11 ;
orwherein R4 and R10 may be joined to form a link,
wherein said link is Ci_ alkylene, optionally further
substituted by OR1 1 , halo and R11 , R and R are
selected from: hydrogen, aryl, C -6 alkyl, said alkyl
optionally further substituted by C3- cycloalkyl,
aromatic heterocycle, heterocycle, aryl, OR1 1 , R 1
and halo; or wherein R10 and either of R5 or R6 may be
joined to form a link, wherein said link is a Ci-3
alkylene, optionally further substituted by OR11 ,
halo, R1 1 and aryl; or wherein R5 and R6 may be
joined to form a link, wherein said link is
C2-balkylene. R7 and R8 are independently selected
from: 



hydrogen, C1-6 alkyl, optionally further substituted
by OR11 , halo, aryl and R1 1 ; or wherein R7 and R8
may be joined to form a link, wherein said link is
C2-balkylene. R9 and R10 are independently selected
from: Hydrogen, C(NR 1)NR R12 , C1-b alkyl, said alkyl
optionally substituted by OR11 , halo, aryl and R11 ;
or wherein R9 and R10 may be joined to form a link,
wherein said link is C2-6 alkylene. R11 and R12 are
each independently selected from hydrogen or C-i -6
alkyl; or when forming a NR11R12 moiety, R1 and R 2
may also be joined to form a link wherein said link is
C -6 alkylene. p is 0, 1 or 2 Wherein: Aryl is defined
as a 6-14 membered aromatic carbocycle, optionally
further substituted by R1 , halo, OR1 1 , NR11R12 ,
NR11CO2R12 , CO2R1 1 , NR11SO2R12 , CN, haloalkyl,
O(haloalkyl), S(O)pR1 1 , OC(O)R1 1 ,SO2NR1 1R12 ,
C(O)NR 11R12 . Aromatic heterocycle is defined as a 5
to 7 membered ring, containing from 1 to 3
heteroatoms, each independently selected from O, S and
N, said heterocycle group optionally substituted by
OR1 1 , NR 1R12 , CO2R11 , NR11C0 2R12 , R1 1 , halo,
CN, haloalkyl, O(haloalkyl), S(O)pR1 1 , OC(O)R1 1 ,
NR1 1SO2R 2 ,SO2NR1 1R12 , C(O)NR 1 1R12 .Heterocycle
is defined as a 3-8 membered ring containing from 1-3
heteroatoms, each independently selected from O, S and
N, said ring being saturated or partially saturated,
said heterocycle group optionally substituted by OR1 1
, NR11R12 , CO2R1 1 , NR1 1CO2R12, R1 1 , halo, CN,
haloalkyl, O(haloalkyl), S(O)pR11 , OC(O)R11 , NR SO
R12 ,SO2NR11R12 , C(O)NR1 R12 . Compounds of formula
(I) includes zwitterions, pharmaceutically acceptable
salts, prodrugs, solvates and polymorphs thereof. Halo
includes fluoro, chloro, bromo and iodo groups. Alkyl
includes straight chain and branched chain. A 6-14
membered aromatic carbocycle includes phenyl,
naphthyl, indenyl, anthryl and phenanthryl. A
pharmaceutically acceptable salt of a compound of the
formula (I) may be readily prepared by mixing together
solutions of a compound of the formula (I) and the
desired acid or base, as appropriate. The salt may
precipitate from solution and be collected by
filtration or may be recovered by evaporation of the
solvent. The pharmaceutically acceptable salts of the
compounds of the formula (I) include the acid addition
and the base salts thereof. Suitable acid addition
salts are formed from acids which form non-toxic salts
and examples are the hydrochloride, hydrobromide,
hydroiodide, sulfate, bisulfate, nitrate, phosphate,
hydrogen phosphate, acetate, maleate, fumarate,
lactate, tartrate, citrate, gluconate, succinate,
saccharate, benzoate, methanesulphonate,
ethanesulphonate, benzenesulphonate,
p_-toluenesulphonate and pamoate salts.Suitable base
salts are formed from bases which form non-toxic salts
and examples are the sodium, potassium, aluminium,
calcium, magnesium, zinc and diethanolamine salts. For
a review on suitable salts see Berge et al, J. Pharm.
Sci., 1977, 66, 1. The pharmaceutically acceptable
solvates of the compounds of the formula (I) include
the hydrates thereof. Also included within the present
scope of the compounds of the formula (I) are
polymorphs thereof. It will also be appreciated that
the compounds of the invention will include prodrugs
thereof: pharmaceutically acceptable derivatives of
(I) in which the functional groups explicitly recited
above have been derivatised to provide prodrugs which
can be converted to the parent compound in vivo. Such
prodrugs are discussed in Drugs of Today, 1983, 19,
499-538 and Annual Reports in Medicinal Chemistry,
1975, Vol. 10, Ch 31, 306-326. Suitable prodrugs will
include compounds of formula (II) and (III). (II)
(III) Wherein R1, R2, R3, R4, R5, R6, R7, R8, X and Z
are as described above, R9 and R10 are as described
above or in addition one or both groups may be a
suitable nitrogen protecting group and R13 is an
appropriate oxygen protecting group. Suitable nitrogen
protecting groups include carbamates, particularly BOC
and benzyl groups.Appropriate oxygen protecting groups
are known to those skilled in the art and include
allyl, aryl and alkyl groups, said alkyl group
optionally substituted by aryl or C3. cycloalkyl, or
more specifically, such groups as benzyl,
pivaloyloxymethyl (POM) and C1.6 alkyl. Reference is
also made herein to "Protective Groups in Organic
Synthesis", 2nd edition, T.W. Greene and P. G. M.
Wutz, Wiley-lnterscience (1991). Compounds of formula
(I) contain one or more asymmetric carbon atoms and
therefore exists in two or more stereoisomeric forms.
Where compounds of formula (I) contain an alkenyl or
alkenylene group, cis (E) and trans (Z) isomerism may
also occur. The present invention includes the
individual stereoisomers of the compounds of formula
(I) and, where appropriate, the individual tautomeric
forms thereof, together with mixtures thereof.
Preferred compounds of formula (I) include those which
possess the stereochemistry shown below. 



(IA) (IB) Those compounds of formula (IA) are
particularly preferred. Separation of diastereoisomers
or cis and trans isomers may be achieved by
conventional techniques, e.g. by fractional
crystallisation, chromatography or H.P.L.C. of a
stereoisomeric mixture of a compound of the formula
(IA) or (IB) or a suitable salt or derivative thereof.
An individual enantiomer of a compound of formulae
(IA) or (IB) may also be prepared from a corresponding
optically pure intermediate or by resolution, such as
by H.P.L.C. of the corresponding racemate using a
suitable chiral support or by fractional
crystallisation of the diastereoisomericsalts formed
by reaction of the corresponding racemate with a
suitable optically active acid or base, as
appropriate. Reference is made herein to "Enantiomers,
Racemates and Resolutions" J. Jacques and A. Collet,
published by Wiley, NY, 1981; and "Handbook of Chiral
Chemicals" chapter 8, Eds D. Ager and M. Dekker,
ISBN:0-8247-1 058-4. Preferred compounds of formula
(I) include those where the imidazole is substiuted at
any position by R1 and at the C2 or C4 positions by
the amino acid fragment. Particularly preferred are
those compounds of formula (I) where R1 is attached to
N1 of the imidazole moiety so as to give the (
1,4)-disubstituted imidazole and compounds of formula
(I) where R is attached to C4 of the imidazole so as
to give the (2,4)-disubstituted imidazole. Preferably
R1 is an aryl group, a C3- cycloalkyl group, a C i 6
alkenyl group or a Ci-6 alkyl group, said alkyl or
alkenyl groups optionally substituted by one or more
groups selected from: a C3 cycloalkyl group,
heterocycle, aromatic heterocycle, OR11 , CO2R11 ,
NR11SO2R12 , NR11R12 , C(O)NR11R12 , SO2NR11R12 ,
halo, OC(O)R11 , aryl or S(O)pR1 1 , where p is 0-2.
More preferably R is an aryl group, Ci_balkenyl group
or a Ci_ alkyl group, wherein said alkyl is group is
optionaly subsituted by one or more groups selected
from CO2R11 , OR1 1 , aryl, C3-7 cycloalkyl, NHSO2R1 1
, halo, aromatic heterocycle. Yet more preferably R1
is a CF3 group or a C 6 alkyl group, wherein said
alkyl is optionally substituted by a C3- cycloalkyl
group, aromatic heterocycle, OR1 1, CO2R1 1,
NR11SO2R12 or aryl. Even more preferably R1 is Ci-b
alkyl, optionally substituted by a C3-4 cycloalkyl
group or aryl group. Most preferably R1 is C -3 alkyl
R2 and R3 are preferably independently selected from
hydrogen and C -6 alkyl. Most preferably R2 and R3 are
hydrogen.R4 is preferably independently selected from
hydrogen and C-i-6 alkyl, said alkyl optionally
substituted by phenyl; or wherein R4 and R 0 may be
joined to form a link, said link is C2-3 alkylene.
More preferably R4 is independently selected from
hydrogen and C -3 alkyl; or wherein R4 and R10 may be
joined to form a link, said link is C2-3 alkylene. Yet
more preferably R4 is independently selected from
hydrogen; or wherein R4 and R10 may be joined to form
a link, said link is C2-3 alkylene. Most preferably R4
is hydrogen. R5 and R6 are preferably independently
selected from hydrogen and Ci-6 alkyl, said alkyl
group optionally substituted by phenyl; or wherein R5
and R10 may be joined to form a link, said link is C
-3 alkylene. More preferably R5 and R6 are
independently selected from hydrogen and C1-3 alkyl,
said alkyl group optionally substituted by phenyl; or
wherein R and R may be joined to form a link, said
link is C2 alkylene. Yet more preferably R5 and R6 are
independently selected from hydrogen and Ci-3 alkyl.
Most preferably R5 and R6 are hydrogen. Preferably R7
and R8 are independently selected from hydrogen and
Ci-balkyl, said alkyl optionally substituted by
phenyl. More preferably R7 and R8 are independently
selected from hydrogen and C1-6 alkyl. Yet more
preferably R7 and R8 are independently selected from
hydrogen and C1-3 alkyl. Even more preferably R7 and
R8 are independently selected from hydrogen and CH3.
Most preferably R7 and R8 are hydrogen. Preferably R
and R 0 are independently selected from hydrogen,
C(NH)NH 2 and Ci-6 alkyl; or wherein R 0 and R4 may be
joined to form a link, said link is C2-3 alkylene.
More preferably R9 and R10 are independently selected
from hydrogen and C -3 alkyl; or wherein R10 and R4
may be joined to form a link, said link is C2_3
alkylene. Yet more preferably R9 and R10 are
independently selected from hydrogen and Ci-3
alkyl.Most preferably R9 and R10 are hydrogen.
Preferably R1 and R 12 are independently selected from
hydrogen and C i-3 alkyl. More preferably R 11 and R
12 are independently selected from hydrogen and C H3 .
X is preferably CH. n is preferably 0 o r 1 . n is
most preferably 0 . aryl is preferably phenyl,
optionally substituted b y 1-3 groups selected from: R
1 1 , 



hhaalloo,, OORR1111 , NNRR1111 R 1122 , CCOO 2 R 1111
, NHSO 2R 1 1, C N o r haloalkyl Most preferably aryl
is phenyl. Preferably Aromatic heterocycle is defined
a s a 5 to 6 membered ring, containing from 1 to 3
heteroatoms, each independently selected from O , S
and N , said heterocycle group optionally substituted
by 1-3 groups selected from: O R11 , N R R12 , CO2R 1
1 , N R 1 1C O 2R 12 , R 11 , halo, CN, haloalkyl,
O(haloalkyl), S(O) pR 11 , OC(O)R 1 1 , NR1 S O2R 12 ,
S 0 2N R 1 1R 12 , C(O)NR 1 1R 12 . More preferably
Aromatic heterocycle is defined a s a 5 to 6 membered
ring, containing from 1 t o 2 heteroatoms, each
independently selected from O , S and N , said
heterocycle group optionally substituted by 1-3 groups
selected from: O R1 1 , NR11R 12 , C O 2R 11 , N R1 C
O2R12 , R1 , halo, CN, haloalkyl, O(haloalkyl), S(O)
pR 11 , OC(O)R 1 1 , N R S O 2R 12 , S O2NR11R 12 ,
C(O)NR 1R 12 . Most preferably Aromatic heterocycle is
defined a s a 5 to 6 membered ring, containing from 1
to 2 heteroatoms, each independently selected from O ,
S and N . Preferably, Heterocycle is defined a s a 3-8
membered ring containing from 1-2 heteroatoms, each
independently selected from O , S and N , said ring
being saturated o r partially saturated, said
heterocycle group optionally substituted b y 1-3groups
selected from: OR1 1 , NR11R12 , CO2R11 , NR11CO2R12 ,
R11 , halo, CN, haloalkyl, O(haloalkyl), S(0) pR1 1,
OC(O)R11, NR1 1SO2R12, SO2NR1 1R12, C(O)NR R12. More
preferably, Heterocycle is defined as a 5-6 membered
ring containing from 1-2 heteroatoms, each
independently selected from O, S and N, said ring
being saturated or partially saturated, said
heterocycle group optionally substituted by 1-3 groups
selected from: OR11 , NR1 1R12 , CO2R11 , NR1 1CO2R12
, R11 , halo, CN, haloalkyl, O(haloalkyl), S(0) pR11 ,
OC(O)R11 , NR11SO2R12 ,SO2NR 1R12 , C(O)NR 1 1R12 .
Most preferably, Heterocycle is defined as a 5-6
membered ring containing from 1-2 heteroatoms, each
independently selected from O, S and N, said ring
being saturated or partially saturated. Preferred
compounds of the present invention include:
()-5-Amino-2-[(1 -n-propyl-1
/-/-imidazol-4-yl)methyl]pentanoic acid (Example 2)
(+)-(2S)-5-Amino-2-[(1 -n-butyl-1
H-imidazol-4-yl)methyl]pentanoic acid (Example 5)
(+)-(2S)-5-Amino-2-[(1 -n-propyl-1
H-imidazol-4-yl)methyl]pentanoic acid (Example 7)
(+)-(2S)~5-Amino-2-(1 H-imidazol-4-ylmethyl)pentanoic
acid (Example 9) (2S)-2-[(2-Aminoethyl)amino]-3-(1
-n-propyl-1 H-imidazol-4-yl)propanoic acid (Example
25) (2S)-2-[(2-Aminoethyl)amino]-3-(1 -n-butyl-1
H-imidazol-4-yl)propanoic acid (Example 26)
(2S)-2-[(2-Aminoethyl)amino]-3-(1 -n-isobutyl-1
H-imidazol-4-yl)propanoic acid (Example 29)
(2S)-2-[(2-Aminoethyl)amino]-3-(1 -n-isopentyl-1
H-imidazol-4-yl)propanoic acid (Example
30)Particularly preferred is (+)-(2S)-5-Amino-2-[(1
-n-propyl-1 H-imidazol-4- yl)methyl]pentanoic acid
(Example 7) The present invention also includes
compounds of formula (XXIII) and (XXIV) (XXIII) (XXIV)
Where R1, R3, R5, R6, R7, R8 and R10 are as described
above, R4 is hydrogen, n is 0, X is CH and R9 is as
described above or is an appropriate nitrogen
protecting group. Appropriate nitrogen protecting
groups include carbamates, particularly BOC and benzyl
groups. These compounds are particularly useful as
intermediates in the synthesis of compounds of formula
(I) The invention further provides Methods for the
preparation of the compounds of the invention, which
are described below and in the Examples and
Preparations section. The skilled man will appreciate
that the compounds of the invention could be made by
methods other than those herein described, by
adaptation of the methods herein described and/or
adaptation of a plethora of methods known in the art.
It is to be understood that the synthetic
transformation methods specifically mentioned herein
may be carried out in various different sequences in
order that the desired substances can be efficiently
assembled. The skilled chemist will exercise his
judgement and skill as to the most efficient sequence
of reactions for synthesis of a given target
substance. It will be apparent to those skilled in the
art that sensitive functional groups may need to be
protected and deprotected during synthesis of a
substance of the invention. This may be achieved by
conventional techniques, for example as described in
"ProtectiveGroups in Organic Synthesis" by T. W.
Greene and P. G. M. Wuts, John Wiley and Sons lnc,
1991. 



Compounds of formula (I) may be prepared by reacting a
compound of formula (II) (II) Wherein R1, R2, R3, R4,
R5, R6, R7, R8 and X are as described above, R9, R 0
are as described above, additionally one or both may
be a suitable nitrogen protecting group and R13 is an
appropriate oxygen protecting group, with a suitable
reagent to remove said oxygen protecting group.
Appropriate oxygen protecting groups include allyl
groups and alkyl groups, said alkyl groups optionally
substituted by aryl groups. Suitable reagents and
conditions to remove said groups are well known to
those skilled in the art and may include hydrolysis
and hydrogenation. Where R9 and/or R10 is a nitrogen
protecting group, it may be necessary to remove said
nitrogen protecting group after reaction of (II) with
a suitable reagent to remove said oxygen protecting
group. Suitable nitrogen protecting groups are well
known to those skilled in the art, as are suitable
conditions for their removal. Compounds of formula
(II), where R1, R3, R4, R5, R6, R7, R8, R9, R 0 , R13
and X are as described above and R2 is hydrogen may be
prepared from compounds of formula (V) and (VI) in
accordance with the following reaction scheme(a)
(b)Compounds of formula (IV) may be formed by process
step (a), a Wadsworth- Emmons reaction between
compounds of formula (V) and (VI). This may be
conducted under standard conditions, such as described
in Org. Synth. Coll. Vol., 1988, 6, 358 and 1993, 8,
265. Suitable conditions include formation of the
phosphonate anion with a suitable base such as NaH at
0C, then reacting with 1 eq of the appropriate
aldehyde at room temperature for 18 hours. A suitable
solvent would be tetrahydrofuran. Compounds of formula
(II) may be formed by process step (b), a
hydrogenation. This may be carried out by a method
such as catalytic hydrogenation, e.g. 10% Pd/C at 4
atmospheres, in an alcoholic solvent (methanol or
ethanol) at room temperature to 60C for between 4 and
72 hours; or by activated metal hydride reduction,
e.g. 30 eq NaBH4, 1.5 to 2.5 eq CuCI, in methanol, at
room temperature for 2 hours. The process may also be
conducted to give an asymmetric hydrogenation of the
alkene bond. Such methods are well known to those
skilled in the art and are discussed in "Asymmetric
Synthetic Methodology" chapter 9, Eds D. Ager and M.
East, CRC Press, 1996, ISBN: 0-8493-8492-9. Compounds
of formula (V) are commercially available or may be
prepared by a number of literature methods well known
to a man skilled in the art. Reference is made to the
preparations described herein and to G. Shapiro et al,
Heterocycles, 1995, 41, 215; L A. Reiter, J. Org.
Chem., 1987, 52, 2714; B. H. Lipshutz et al,
Tetrahedron Lett. 1986, 27, 4095; F. Aldebbagh et al,
Tetrahedron Lett., 1997, 38 7937; and S. M. Abdelaal,
J. Het. Chem. 1995, 32, 903. Compounds of formula (VI)
where R4, R5, R6, R7, R8, R9, R10 and R13 are as
described above and X is CH, may be prepared in
accordance with the following scheme.(c) Compounds of
formula (VI) may be prepared from the compounds of
formula (VII) and (VIII) where Y is halo, under the
conditions of process step (c), an alkylation
reaction. This may be carried out under standard
conditions, typically 1 eq of (VII) is treated with
1.1 eq of NaH, before reaction with (VIII), 18-crown-6
(cat) at reflux for 18 hours. Compounds of formula
(VI) where R5, R6, R7, R8, R9, R10 and R13 are as
described above, R4 is a suitable nitrogen protecting
group and X is N, may be prepared using the reaction
scheme described above. Compounds of formula (I) may
also be prepared by treating a compound of formula
(III) under the conditions of a lactam hydrolysis
reaction. Suitable conditions include those of process
step (d), a lactam hydrolysis. This may be conducted
understandard conditions, typically basic conditions,
e.g. aqueous LiOH in tetrahydrofuran at room
temperature for 4-18 hours. Compounds of formula (III)
where R , R3, R4, R5, R6, R7, R8, R9, R13 , X and Z
are as described above and R2 is hydrogen, may be
prepared by the following process (a) (b) Compounds of
formula (IX) may be prepared by reacting compounds of
formula (V) and (X) under the conditions of process
step (a) described above. Compounds of formula (III)
may be prepared by reacting compounds of formula (IX)
under the conditions of process step (b) described
above.Compounds of formula (X) where R4, R5, R6, R7,
R8, R9, R10 and R13 are as described above, with the
proviso R9 and R10 may not be linked and X is CH may
be prepared from a compound of formula (XI) where Y is
halo, in accordance with the following reaction
scheme. (c) Compounds of formula (X) may be prepared
from compounds of formula (XI) under the conditions of
process step (c) described above. Compounds of formula
(II) where R1, R2, R3, R4, R6, R7, R8, R 0 and R 3 are
as described above, R9 is as above or is a suitable
nitrogen protecting group, X is N and 



R6 is hydrogen may be prepared from a compounds of
formula (XII) and (XIII), in accordance with the
following reaction scheme.(e) (k) (ID Compounds of
formula (II) may be prepared by reacting compounds of
formula (XII) and (Xlll) under the conditions of
process step (e), a reductive alkylation reaction,
performed under standard conditions known to those
skilled in the art. Suitable conditions would include
reacting (XII) and (Xlll) in the presence of sodium
acetate and sodium cyanoborohydride. Compounds of
formula (II) wherein R9 is H may be obtained from
compounds of formulae (II) where R9 is a suitable
nitrogen protecting group by optional process step
(k), removal of a nitrogen protecting group;
appropriate conditions for the removal of nitrogen
protecting groups P1 are described in "Protective
Groups in Organic Synthesis", 2nd edition, T. W.
Greene and P. G. M. Wutz, Wiley-lnterscience (1991).
Appropriate conditions include: BOC deprotection: 6N
aqueous hydrochloric acid at room temperature to
reflux temp, for between 1 and 3 hours;Benzyl
deprotection: dissolving metal reduction, e.g. Na, liq
NH3, -78C. Compounds of formula (Xlll) are
commercially available or may be prepared by methods
well known to a man skilled in the art. Compounds of
formula (XII) above are commercially available.
Alternatively where R1, R3, R4 and R 3 are as
described above, and R2 is hydrogen, they may be made
by the route disclosed in Helv. Chim. Acta., 1994, 77,
1395 or as disclosed below.(a) (b) (e) Compounds of
formula (XII) may be prepared by reacting compounds of
formula (V) and (XIV) under the conditions of process
step (a), described above. Compounds of formula (Xlla)
may be prepared by reacting compounds of formula
(Xlll) under the conditions of process step (b)
described above. If a compound of formula (XII) is
required where R4 is not hydrogen, then compounds of
formula (XII) may beprepared by reacting compounds of
formula (Xlla) under the conditions of process step
(e), described above. Compounds of formula (Xlla)
where R1, R2 and R3, are as described above, with the
proviso R2 and R3 are not linked and R 3 is methyl,
may also be asymmetrically prepared from a compound of
formula (XVI), where Y is halo, in accordance with the
following reaction scheme. (D (g) Compounds of formula
(XV) may be prepared by reacting compounds of formula
(XVII) and (XVI) under the conditions of process step
(f) a Schollkopf asymmetric alkylation reaction,
comprising reaction of a halide with a suitable
deprotonated Schollkopf chiral auxiliary (Angew. Chem.
Int. Ed. Engl., 1981 , 20, 798). Suitable conditions
are treating the Schollkopf auxiliary in
tetrahydrofuran at -78C with BuLi,followed by addition
of (XVI) then 24 hours at room temperature. Compounds
of formula (Xlla) may be prepared by reacting
compounds of formula (XV) under the conditions of
process step (g), a hydrolysis reaction, described in
Angew. Chem. Int. Ed. Engl., 1981 , 20, 798. Suitable
conditions are 5eq of 0.25N aqueous hydrochloric acid
at room temperature for 2 hours. Compounds of formula
(XII) may be obtained by methods well known to those
skilled in the art or as exemplified in the examples.
It should be noted that compounds of formula (XII) and
intermediates thereto wherein R is not H may be
produced by coupling compounds of formula (XII) and
intermediates thereto where R1 is H, with an
appropriate reagent containing R1, where R1 is as
disclosed above- Compounds of formula (II) where R1,
R2, R3, R4, R5, R6, R7, R8, R9, R10 and R 3 are as
described above and X is nitrogen may also be prepared
from compounds of formula (XIX) and (XVIII) where Y is
halo by the method described in the following reaction
scheme.( ) Compounds of formula (II) may be prepared
by reacting compounds of formula (XVIII) and (XIX)
under the conditions of process step (h) an alkylation
reaction, reacting an excess of the amine with the
halide. Suitable conditions are 6eq of (XIX) and 1eq
of (XVIII) in acetonitrile at room temperature for 2
hours followed by 18 hours at reflux. Compounds of
formula (XIX) may be prepared by a number of
literature routes, well known to a man skilled in the
art, as well as being commercially available.
Compounds of formula (XX) where R1, R2, R3 and R13 are
as described above, with the proviso R2 and R3 are not
linked, may be prepared by the method described in the
following reaction scheme.(i) Compounds of formula
(XX) may be prepared by reacting compounds of formula
(Xlla) under the conditions of process step (i) a
diazotisation/halogenation reaction, comprising
conversion of the amine group to a diazo group,
followed by reaction with a suitable halide, typically
in situ. Suitable conditions are treating 1 eq of
amine with 3.3 eq of NaNO2 in concentrated
hydrochloric acid:water (30:5) at -5C, then 17 



hours at room temperature. Compounds of formulae (IA)
and (IB) where R1, R3, R5, R6, R7 and R8 are as
described above, R2, R4 and R10 are hydrogen, R9 is as
described above or is a suitable nitrogen protecting
group, n is 0 and X is CH may be prepared from
compounds of formula (XXIII), both the E and Z isomers
in accordance with the following scheme.(XXIII) (b) (
) (j), (k)Compounds of formula (XXII) may be prepared
from compounds of formula (XXIII), under the
conditions of process step (b), as described above.
Appropriate nitrogen protecting groups include
carbamates, particularly BOC and benzyl groups.
Process step (b) may also be conducted asymmetrically,
using techniques known to those skilled in the art.
Compounds of formula (XXI) may be prepared from
compounds of formula (XXII) under the conditions of
process step (d), a lactam hydrolysis reaction which
may be conducted under acidic or basic conditions as
appropriate. Compounds of formulae (IA) and (IB) may
be prepared from compounds of formula (XXI) under the
conditions of process step 0), resolution of the
enantiomers, followed by optional process step (k),
removal of the nitrogen protecting group when R9 is a
nitrogen protecting group. In process step (j),
individual enantiomers of a compound of the formulae
(IA) or (IB) may be prepared by resolution, such as by
H.P.L.C. of the corresponding racemate using a
suitable chiral support or by fractional
crystallisation of the diastereoisomeric salts formed
by reaction of the corresponding racemate with a
suitable optically active acid or base, as
appropriate. Reference is made herein to "Enantiomers,
Racemates and Resolutions" J. Jacques and A. Collet,
published by Wiley, NY, 1981; and "Handbook of Chiral
Chemicals" chapter 8, Eds D. Ager and M. Dekker,
ISBN:0-8247-1 058-4. Compounds of formulae (IA) or
(IB) wherein R9 is H may be obtained from compounds of
formulae (IA) or (IB) where R9 is a suitable nitrogen
protecting group by optional process step (k), removal
of a nitrogen protecting group; appropriate conditions
for the removal of nitrogen protecting groups R9 are
described in "Protective Groups in Organic Synthesis",
2nd edition, T. W. Greene and P. G. M. Wutz,
Wiley-lnterscience (1991). Appropriate conditions
include: BOC deprotection: 6N aqueous hydrochloric
acid at room temperature to reflux temp, for between 1
and 3 hours; Benzyl deprotection: dissolving metal
reduction, e.g. Na, liq NH3, -78C.Compounds of
formulae (IA) and (IB) where R1, R3, R5, R6, R7, R8
and X are as described above and R2, R4, and R10 are
hydrogen and R9 is as described above or is an
appropriate nitrogen protecting group may also be
prepared asymmetrically from compounds of formula
(XXIII), where (XXIII) is either the E or Z isomer, in
accordance with the reaction scheme shown below.
(XXIII) (d) (b), (j). (k) Compounds of formula (XXIV)
may be prepared from compounds of formula (XXIII)
under the conditions of process step (d), as described
above.Compounds of formula (IA) or (IB) may be
prepared from compounds of formula (XXIV) under the
conditions of process steps (b), a hydrogenation, (j),
resolution of enantiomers and optionally, (k), removal
of the nitrogen protecting group P1 when R9 is a
nitrogen protecting group. Process steps (b), (j) and
(k) are described above. In an alternative embodiment,
compounds of formula (IA) where R1, R3, R5, R6, R7,
R8, R10 and X are as described above, R2 and R4 are
hydrogen and R9 is as described above or may be an
appropriate nitrogen protecting group, may also be
prepared asymmetrically from compounds of formula
(XXIV), where (XXIV) is either the E or Z isomer, in
accordance with the reaction scheme shown below. (I),
(i). (k) Compounds of formulae (IA) or (IB) may be
prepared from compounds of formula (XXIV) under the
conditions of process steps (I), an asymmetric
hydrogenation, (j). resolution of the enantiomers and
optionally (k), removal of the nitrogen protecting
group when R9 is a nitrogen protecting group. Process
step (j) is optional and isdependent upon the degree
of enantiomeric selectivity obtained in step (I).
Process step (j) ay also be conducted in situ during
process step (I). Process steps (j) and (k) are
described above and are further exemplified in the
examples. The methods used to conduct process step (I)
are well known to those skilled in the art and are
discussed in "Asymmetric Synthetic Methodology"
chapter 9, Eds D. Ager and M. East, CRC Press, 1996,
ISBN: 0-8493-8492-9, as well as being further
exemplified in the examples. 



Compounds of formula (XXIII) where R1, R3, R5, R6, R7,
R8 and X are as described above and R9 is as described
above or a suitable nitrogen protecting group may be
prepared from compounds of formula (V) and (XXVI) in
accordance with the reaction scheme below. (m) ( )
(XXIII)Compounds of formula (XXV) may be prepared from
compounds of formula (V) and (XXVI) under the
conditions of process step (m), an Aldol type
reaction. Suitable conditions for such a reaction are
well known to a man skilled in the art. Reference is
also made herein to "Advanced Organic Chemistry" (4th
Edition) by Jerry March, John Wiley and Sons Inc.
Compounds of formula (XXIII) may be prepared from
compounds of formula (XXV) under the conditions of
process step (n), an elimination reaction. (XXV) may
be treated such that the hydroxy group is removed
directly in a dehydration reaction, or it may be
eliminated having first being transformed into a good
leaving group such as a tosylate or mesylate group.
Compounds of formula (XXII) where R1, R2, R3 R4 R5,
R6, R7, R8 and X are as disclosed above, R9 is as
disclosed above or a nitrogen protecting group and n
is 0 may also be prepared from compounds of formula
(XXX) and (XXVI) in accordance with the scheme below.
(m)(n) (XXXII) (b) (k) (XXIIa) (r) Compounds of
formula (XXXI) may be prepared from compounds of
formula (XXVI) and formula (XXX), wherein R3 is as
described above and P2 is a suitable nitrogen
protecting group, under the conditions of process step
(m) as described above.Compounds of formula (XXXll)
may be prepared from compounds of formula (XXXI) under
the conditions of process step (n) as described above.
Compounds of formula (XXIIa) where R2, R3 R4 R5, R6,
R7, R8 and X are as disclosed above, R9 is as
disclosed above or a nitrogen protecting group, n is 0
and R1 is hydrogen may be prepared from compounds of
formula (XXXll) under the conditions of process step
(b), followed by process step (k), both as described
above. Compounds of formula (XXII) where R is not
hydrogen may be obtained from compounds of formula
(XXIIa) under the conditions of process step (r), a
coupling reaction. Suitable conditions include those
described in process steps (h) or (p) regarding
alkylation reactions as well as arylation reactions
well known to the skilled man. Suitable alkylation
conditions may include: 1.5eq of base (eg Cs2CO3) and
1.25eq of alkylating agent, (eg R Br), in DMF at 70C
for 3 hours. Suitable arylation conditions may
include: 2eq of R1-B(OH)2, 1.5eq of Cu(ll)acetate
catalyst, 2 eq of pyridine in DCM, for 2 days, under a
stream of compressed air. (P.Y.S. Lam et al,
Tetrahedron Lett. 39; 2941 ; 1998) Compounds of
formula (I), where R , R2, R3, R5, R6, R7, R8, R9 and
R10 are as described above, R4 is hydrogen and X is
nitrogen, with the proviso one of R9 and R10 is not
hydrogen and R1 is attached to an imidazole N atom,
may be prepared from compounds of formula (XXIX) in
accordance with the reaction scheme below.( ) (xxviii)
(P) (XXVII) (q)Compounds of formula (XXVIII) may be
prepared from compounds of formula (XXIX), where R4 is
hydrogen and one of R9 or R10 is not hydrogen, by
process step (o), a carbonylation reaction. The
reaction may be performed under standard conditions,
such as described in Tetrahedron 1996, 52, 5363.
Appropriate conditions include reacting 1eq of (XXIX)
with 1eq of carbonyldiimidazole in
N,Ndimethylformamide at 60C for 17 hours. Compounds of
formula (XXVII) may be prepared from compounds of
formula (XXVIII) by process step (p), an alkylation
reaction. This may be conducted under standard
conditions, e.g. reacting (XXVIII) with an alkylating
agent such as an alkyl halide, optionally in the
presence of a catalyst, in a suitable solvent.
Suitable conditions include treating 1eq of (XXVIII)
with 2eq of R1-CI in acetonitrile at reflux for 18
hours. Compounds of formula (I) may be prepared from
compounds of formula (XXVII) under the conditions of
process step (q), a hydrolytic deprotection reaction.
The starting material is treated with an aqueous acid,
preferably hydrochloric or sulfuric acid. Compounds of
formula (XXIX) may be prepared by the routes disclosed
in this document, wherein R1 is instead hydrogen. 



All of the above reactions and the preparations of
novel starting materials used in the preceding methods
are conventional and appropriate reagents and
reactionconditions for their performance or
preparation as well as procedures for isolating the
desired products will be well-known to those skilled
in the art with reference to literature precedents and
the Examples and Preparations hereto. The present
invention provides for the compounds of formula (I)
and pharmaceutically acceptable salts, solvates and
prodrugs thereof for use as a medicament. The
invention further provides for the use of a TAFIa
inhibitor in the preparation of a medicament for the
treatment or prevention of a condition selected from
thrombosis, atherosclerosis, adhesions, dermal
scarring, cancer, fibrotic conditions, inflammatory
diseases and those conditions which benefit from
maintaining or enhancing bradykinin levels in the
body. Preferably the TAFIa inhibitor is a compound of
formula (I) as described herein. Accordingly the
present invention provides for the use of a compound
of formula (I) or a pharmaceutically acceptable salt,
solvate or prodrug thereof in the preparation of a
medicament for the treatment or prevention of a
condition selected from thrombosis, atherosclerosis,
adhesions, dermal scarring, cancer, fibrotic
conditions, inflammatory diseases and those conditions
which benefit from maintaining or enhancing bradykinin
levels in the body. Additionally the invention
provides a method of treating or preventing
thrombosis, atherosclerosis, adhesions, dermal
scarring, cancer, fibrotic conditions, inflammatory
diseases and those conditions which benefit from
maintaining or enhancing bradykinin levels in the body
which comprises administering a therapeutically
effective amount of a TAFIa inhiitor and
pharmaceutically acceptable salts, solvates and
prodrugs thereof to a patient in need of such
treatment. Preferably the TAFIa inhibitor is a
compound of formula (I) as described herein.
Accordingly the present invention provides a method of
treating or preventing thrombosis, atherosclerosis,
adhesions, dermal scarring, cancer, fibrotic
conditions,inflammatory diseases and those conditions
which benefit from maintaining or enhancing bradykinin
levels in the body which comprises administering a
therapeutically effective amount of a compound of
formula (I) and pharmaceutically acceptable salts,
solvates and prodrugs thereof to a patient in need of
such treatment. Thrombotic conditions are amongst the
most common cause of death in the developed world.
There are large numbers of anti-thrombotic agents
available to treat these conditions. Most agents work
by reducing thrombus formation. All these agents are
associated with varying degrees of adverse hemorrhagic
side effects. Accordingly, patients being treated in
this manner will require regular monitoring in order
to avoid adverse bleeding events. There is a need for
an antithrombotic that is efficacious but does not
cause bleeding. However this would seem impossible
given the inherent contradiction between stopping clot
formation to prevent thrombotic disease, and allowing
clot formation so as to prevent the patient
hemorrhaging. Surprisingly this has been solved by the
compounds of the present invention which are a class
of TAFIa inhibitors. Most conventional therapies act
to inhibit coagulation or platelet activation. TAFIa
inhibitors work by enhancing fibrinolysis and
therefore the rate at which the clot is dissolved.
This has the effect of shifting the equilibrium
between coagulation and fibrinolysis, in favour of
fibrinolysis. Most clinically relevant thrombus are
sub acute, that is they form slowly over time. The
effect of shifting the equilibrium in favour of
fibrinolysis is that these clots are dissolved before
they become clinically significant. In the case of
vascular injury, the equilibrium moves back in favour
of coagulation. The body's first responses of
vasoconstriction and platelet agglutination remain
unimpaired by the use of TAFIa inhibitors. The body
then rapidly activates the coagulation cascade. The
effect of this is to temporarily shift the equilibrium
towards coagulation and allow formation of a
hemostatic plug using fibrin. Once the vascular injury
is sealed the body will revert to its pre-injury
equilibrium.The present invention also provides for
the use of TAFIa inhibitors in the preparation of a
medicament for the treatment or prevention of
thrombosis, particularly myocardial infarction, deep
vein thrombosis, stroke, young stroke, peripheral
vascular disease, angina and other forms of acute
coronary syndromes, disseminated intravascular
coagulation, sepsis, pulmonary embolism, embolic
events secondary to cardiac arrhythmias and the
prevention of cardiovascular events following
intervention surgery. Preferably said TAFIa inhibitor
should have a Ki of less than 20mM, using the assay
described below. Preferably said TAFIa inhibitor
should have a selectivity for TAFIa over
carboxypeptidase N of >50:1, preferably >1000:1 ,
using the assay described below. Preferably said TAFIa
inhibitors are nonpeptidic. Preferably the TAFIa
inhibitor is a compound of formula (I) as disclosed
herein. Accordingly the present invention provides for
the use of a compound of formula (I) in the
preparation of a medicament for the treatment of a
thrombotic condition selected from myocardial
infarction, deep vein thrombosis, stroke, young
stroke, cerebral infarction, cerebral thrombosis,
cerebral embolism, peripheral vascular 



disease, angina and other forms of acute coronary
syndromes, disseminated intravascular coagulation,
sepsis, pulmonary embolism, embolic events secondary
to cardiac arrhythmias and the prevention of
cardiovascular events following surgical
revascularisation or intervention. The invention also
provides for a method of treating or preventing
thrombosis, particularly myocardial infarction, deep
vein thrombosis, stroke, young stroke, cerebral
infarction, cerebral thrombosis, cerebral embolism,
peripheral vascular disease, angina and other forms of
acute coronary syndromes, disseminated intravascular
coagulation, sepsis, pulmonary embolism, embolic
events secondary to cardiac arrhythmias and the
prevention of cardiovascular events following
intervention surgery which comprises administering a
therapeutically effective amount of a compound of
formula (I) and pharmaceutically acceptable salts,
solvates and prodrugs thereof to a patient in need of
such treatment.Subjects with thrombotic conditions
which are suitable for treatment by the present
invention include those having conditions associated
with hypercoagulability. These would include though
not limited to: factor V mutation, antithrombin III
deficiency, protein C and protein S deficiencies,
polycythemia vera, heparin cofactor 11 and subjects
exhibiting hyperhomocysteinaemia or homocysteinuria.
The present invention also includes as a thrombotic
indication the improvement of organ function seen
after transplantation, by reducing blood clotting and
thus preserving function. Cardiovascular events
following intervention surgery include conditions such
as restenosis or reocclusion following interventions
such as percutaneous transluminal coronary
angioplasty, grafting, stent in-placement, coronary
bypass surgery or any other forms of surgical
revascularisation or intervention In the present
invention, disseminated intravascular coagulation
includes all conditions resulting from intravascular
activation of the coagulation process. This might
occur acutely through the release of procoagulant
substances (eg. obstetric emergencies, snakebite,
crush injury malignancy), by abnormal contact of the
blood (eg. infections, burns, extracorporeal
circulation, grafts) or though generation of
procoagulants in the blood (transfusion reactions,
leukemia); or chronically, (eg. toxemia, malignant
hypertension, severe liver cirrhosis). Deep vein
thrombosis also encompasses what is known as 'economy
class syndrome', where clots form in subjects forced
to endure cramped conditions for a period of time,
such as those sitting in cramped economy class seats
on a plane. The present invention also provides for
the use of TAFIa inhibitors and/or TAFI inhibitors as
a coating on intravascular devices such as indwelling
catheters for dialysis, replacement heart valves or
arterial stents; and as a coating on extra corporeal
blood circulation devices such as heart, lung and
kidney dialysis machines,to prevent thrombosis,
particularly myocardial infarction, deep vein
thrombosis, stroke, young stroke, cerebral infarction,
cerebral thrombosis, cerebral embolism, peripheral
vascular disease, angina and other forms of acute
coronary syndromes, disseminated intravascular
coagulation, sepsis, pulmonary embolism, embolic
events secondary to cardiac arrhythmias and the
prevention of cardiovascular events such as restenosis
following intervention surgery such as percutaneous
transluminal coronary angioplasty, grafting, stent
in-placement, coronary bypass surgery or any other
forms of surgical revascularisation or intervention.
Particularly preferred as a coating are compounds of
formula (I) and pharmaceutically acceptable salts,
solvates and prodrugs thereof. Accordingly the present
invention provides for the use of TAFIa inhibitors
and/or TAFI inhibitors as a coating on intravascular
devices. Further the present invention provides for
the use of a compound of formula (I) as a coating on
intravascular devices. The invention includes
intravascular devices, of which the intravascular
portion is coated with a TAFIa inhibitor and/or a TAFI
inhibitor; and extra corporeal blood circulation
devices such as heart, lung and kidney dialysis
machines, where the portion coming into contact with
the subjects blood are coated with a TAFIa inhibitor
and/or a TAFI inhibitor. Particularly preferred are
those intravascular or extra corporeal blood
circulation devices coated with compounds of formula
(I) and pharmaceutically acceptable salts, solvates
and prodrugs thereof. Preferably said TAFIa inhibitor
should have a Ki of less than 20mM, using the assay
described below. Preferably said TAFIa inhibitor
should have a selectivity for TAFIa over
carboxypeptidase N of >50:1 , preferably > 1000:1 ,
using the assay described below. Preferably said TAFIa
inhibitors are non-peptidic. Accordingly the present
invention provides an intravascular device coated with
a TAFIa inhibitor.Further, the present invention
provides an intravascular device coated with a
compound of formula (I). The compounds of the present
invention were tested in a model of coronary artery
reperfusion using a method similar to that described
by W. E. Rote et al, J. Cardiovasc. Pharmacol., 1994,
23, 203, and were found to be efficacious. TAFIa
inhibitors are also useful in the treatment of
atherosclerosis. Atherosclerosis is a common condition
in subjects suffering from peripheral vascular
disease, insulin 



resistance and the group of conditions commonly
referred to as 'Syndrome X'. Syndrome X is a term
often used to group together a number of interrelated
diseases. The first stage of syndrome X consists of
insulin resistance, abnormal cholesterol and
triglyceride levels, obesity and hypertension. Any one
of these conditions may be used to diagnose the start
of Syndrome X . The disease may then progress with one
condition leading to the development of another in the
group. For example insulin resistance is associated
with high lipid levels, hypertension and obesity. The
disease then cascades, with the development of each
additional condition increasing the risk of developing
more serious diseases. This can progress to the
development of diabetes, kidney disease and heart
disease. These diseases may lead to stroke, myocardial
infarction and organ failure. Conventional treatment
of myocardial ischaemia in clinically stable coronary
artery disease is predominately designed to reduce
cardiac workload and enhance blood flow. Such
approaches clearly reduce myocardial ischaemia thus
increasing quality of life. However, these strategies
have little effect on the pathogenesis of coronary
atherosclerosis which is a chronic process of
continuous remodeling of the vascular tree in response
to varying degrees of vascular injury. A role for
thrombus formation in the pathophysiology of stable
angina pectoris has recently been highlighted by
several independent groups. The formation of
nonocclusive thrombi not only restrict blood flow, but
due to incomplete endogenous lysis may be incorporated
by the arterial wall as solidified plaque material
enhancing the atherosclerotic process. Long term
administration of a TAFIa inhibitor preventsthe
formation of thrombi and therefore provides a safe and
efficacious treatment which alleviates the symptoms of
angina pectoris. Without thrombi present, they cannot
be incorporated into the arterial wall and thus a
TAFIa inhibitor impairs the progression of the
disease. The present invention also provides for the
use of compounds of formula (I) and pharmaceutically
acceptable salts, solvates and prodrugs thereof in the
preparation of a medicament for the treatment or
prevention of atherosclerosis. The invention also
provides for a method of treating or preventing
atherosclerosis which comprises administering a
therapeutically effective amount of a compound of
formula (I) and pharmaceutically acceptable salts and
prodrugs thereof to a patient in need of treatment.
Further the invention also provides for the use of a
TAFIa inhibitor in the preparation of a medicament for
the treatment or prevention of atherosclerosis.
Preferably said TAFIa inhibitor should have a Ki of
less than 20mM, using the assay described below.
Preferably said TAFIa inhibitor should have a
selectivity for TAFIa over carboxypeptidase N of >50:1
, preferably > 1000:1 , using the assay described
below. Preferably said TAFIa inhibitors are
non-peptidic. Atherosclerosis is taken to include both
primary and secondary coronary artery disease, in
which atherosclerosis restricts the blood supply to
the heart. Primary prevention of coronary artery
disease means preventing the onset of ischemic
complications such as myocardial infarction in
patients with no history of coronary artery disease
but who have one or more risk factors. Secondary
prevention of coronary artery disease means preventing
ischemic complications in patients with established
coronary artery disease, such as patients who have had
a previous myocardial infarction. TAFIa inhibitors are
also effective in inhibiting tumour maturation and
progression. Metastasis is a complex and
multifactorial process which is not yet fully
understood. Accordingly, whilst not wishing to be
bound by any theory, it is believed that
thehaemostatic system is involved at several levels of
cancer pathology, including neovascularisation,
shedding of cells from the primary tumour, invasion of
the blood supply, adherence to the vessel wall and
growth at the metastatic site. It is thought that the
efficacy of TAFIa inhibitors stems from an ability to
reduce fibrin deposition around solid tumours and
thereby inhibit the above processes. The present
invention also provides for the use of compounds of
formula (I) and pharmaceutically acceptable salts,
solvates and prodrugs thereof in the preparation of a
medicament for the treatment or prevention of cancer.
The invention also provides for a method of treating
or preventing cancer which comprises administering a
therapeutically effective amount of a compound of
formula (I) and pharmaceutically acceptable salts,
solvates and prodrugs thereof to a patient in need of
such treatment. Further the invention also provides
for the use of a TAFIa inhibitor in the preparation of
a medicament for the treatment or prevention of
cancer. Preferably said TAFIa inhibitor should have a
Ki of less than 20mM, using the assay described below.
Preferably said TAFIa inhibitor should have a
selectivity for TAFIa over carboxypeptidase N of >50:1
, preferably >1000:1 , using the assay described
below. Preferably said TAFIa inhibitors are
non-peptidic. TAFIa inhibitors are also effective in
preventing the formation of adhesions in the body.
Most surgical procedures and physical trauma result in
bleeding into the cavity between tissues. The blood
which collects at these sites then clots forming
fibrin rich thrombi. These thrombi bridge the gaps
between adjacent tissues and act as a foci 



for the accumulation of inflammatory cells and
fibroblasts. Invading fibroblasts lay down a collagen
rich extracellular matrix which strengthens the
adhesion of the tissues producing a firm bond which
may then restrict movement. Adhesions have been
characterised according to their location and may
result following any surgery e.g. abdominal,
orthopaedic, neurological, cardiovascular and ocular.
This, inappropriate, adhesion of tissues post surgery
or trauma is a major issue which canlead to various
outcomes e.g. "aches and pains", "twinges", local
inflammation, restriction in mobility, pain,
intestinal obstruction and sometimes in the most
severe cases death. In the case of gynaecological
surgery, infertility may result. Additionally clots
forming fibrin rich thrombi are implicated in dermal
scarring and restenosis. Without being bound by any
theory, it is believed that adhesion formation may be
enhanced due to a deficiency in fibrinolysis resulting
in enhanced and maintained clot formation. Treatment
with a TAFIa inhibitor peri- and/or post-surgical
intervention may enhance fibrinolysis of the fibrin
rich thrombi and hence inhibit thrombi formation,
accretion, stabilisation and therefore inhibit
adhesion formation. A TAFIa inhibitor given either
systemically, or locally as a topical application, may
be seen to be of benefit in a range of surgical
procedures. In addition, administration of a TAFIa
inhibitor may be seen to treat adhesions resulting
from other forms of non surgical physical trauma where
this has caused internal bleeding. Examples of such
trauma might include sporting injuries, or anything
else resulting in a tear, cut, bruise or induaration
of the body. The present invention also provides for
the use of compounds of formula (I) and
pharmaceutically acceptable salts, solvates and
prodrugs thereof in the preparation of a medicament
for the treatment or prevention of adhesions or dermal
scarring. The invention also provides for a method of
treating or preventing adhesions or dermal scarring
which comprises administering a therapeutically
effective amount of a compound of formulae (I) and
pharmaceutically acceptable salts, solvates and
prodrugs thereof to a patient in need of such
treatment. Further the invention also provides for the
use of a TAFIa inhibitor in the preparation of a
medicament for the treatment or prevention of
adhesions or dermal scarring. Preferably said TAFIa
inhibitor should have a Ki of less than 20mM, using
the assay described below. Preferably said TAFIa
inhibitor should have a selectivity for TAFIa over
carboxypeptidase N of >50:1, preferably >1000:1, using
the assay described below. Preferably said TAFIa
inhibitors are non-peptidic.TAFIa binds to and breaks
down bradykinin (Tan et al. Biochemistry 1995, 34, 581
1). There are many conditions which are known to
benefit from maintaining or enhancing levels of
bradykinin. Accordingly the present invention also
provides for the use of compounds of formula (I) and
pharmaceutically acceptable salts, solvates and
prodrugs thereof in the preparation of a medicament
for the treatment or prevention of conditions which
benefit from maintaining or enhancing levels of
bradykinin. The invention also provides for a method
of treating or preventing conditions which benefit
from maintaining or enhancing levels of bradykinin
which comprises administering a therapeutically
effective amount of a compound of formula (I) and
pharmaceutically acceptable salts, solvates and
prodrugs thereof to a patient in need of such
treatment. Conditions known to benefit from
maintaining or enhancing bradykinin levels include:
diseases such as hypertension, angina, heart failure,
pulmonary hypertension, renal failure and organ
failure. TAFIa inhibitors are efficacious in treatment
of any condition in which fibrosis is a contributing
factor. Accordingly the present invention also
provides for the use of TAFIa inhibitors in the
preparation of a medicament for the treatment or
prevention of fibrotic disease. Preferably said TAFIa
inhibitor should have a Ki of less than 20mM, using
the assay described below. Preferably said TAFIa
inhibitor should have a selectivity for TAFIa over
carboxypeptidase N of >50:1 , preferably > 1000:1 ,
using the assay described below. Preferably said TAFIa
inhibitors are non-peptidic. Particularly preferred
are compounds of formula (I) and pharmaceutically
acceptable salts, solvates and prodrugs thereof.
Suitable fibrotic conditions include cystic fibrosis,
pulmonary fibrotic diseases eg chronic obstructive
pulmonary disease (COPD), adult respiratory distress
syndrome (ARDS), fibromuscular dysplasia, fibrotic
lung disease and fibrin deposits in the eye during
opthalmic surgery.Accordingly the present invention
provides for the use of a compound of formula (I) as
disclosed herein in the preparation of a medicament
for the treatment or prevention of a fibrotic
condition selected from cystic fibrosis, pulmonary
fibrotic diseases, chronic obstructive pulmonary
disease (COPD), adult respiratory distress syndrome
(ARDS), fibromuscular dysplasia, fibrotic lung disease
and fibrin deposits in the eye during opthalmic
surgery. The invention also provides for a method of
treating or preventing a fibrotic condition selected
from cystic fibrosis, pulmonary fibrotic diseases,
chronic obstructive pulmonary disease (COPD), adult
respiratory distress syndrome (ARDS), fibromuscular
dysplasia, fibrotic lung disease and fibrin deposits
in the eye during opthalmic surgery which comprises
administering a therapeutically effective amount 



of a compound of formula (I) and pharmaceutically
acceptable salts and prodrugs thereof to a patient in
need of treatment. TAFIa inhibitors are efficacious in
treatment of inflammation. Accordingly the present
invention also provides for the use of TAFIa
inhibitors in the preparation of a medicament for the
treatment or prevention of inflammation. Preferably
said TAFIa inhibitor should have a Ki of less than
20mM, using the assay described below. Preferably said
TAFIa inhibitor should have a selectivity for TAFIa
over carboxypeptidase N of >50:1 , preferably > 1000:1
, using the assay described below. Preferably said
TAFIa inhibitors are non-peptidic. Particularly
preferred are compounds of formula (I) and
pharmaceutically acceptable salts, solvates and
prodrugs thereof. In particular the invention may be
used for the treatment or prevention of inflammatory
diseases such as asthma, arthritis, endometriosis,
inflammatory bowel diseases, psoriasis and atopic
dermatitis and for neurodegenerative diseases such as
Alzheimers and Parkinsons. Accordingly the present
invention provides for the use of a compound of
formula (I) and pharmaceutically acceptable salts,
solvates and prodrugs thereof in the preparation of a
medicament for the treatment of an inflammatory
disease selectedfrom asthma, arthritis, endometriosis,
inflammatory bowel diseases, psoriasis and atopic
dermatitis and neurodegenerative diseases, Alzheimers
and Parkinsons. The invention also provides for a
method of treating or preventing an inflammatory
disease selected from asthma, arthritis,
endometriosis, inflammatory bowel diseases, psoriasis
and atopic dermatitis and neurodegenerative diseases,
Alzheimers and Parkinsons which comprises
administering a therapeutically effective amount of a
compound of formula (I) and pharmaceutically
acceptable salts and prodrugs thereof to a patient in
need of treatment. It is to be appreciated 4hat all
references herein to treatment include curative,
palliative and prophylactic treatment. The compounds
of the present invention have been tested using the
following assay. To determine the degree of TAFIa
inhibition, compounds were incubated with activated
TAFI, and the amount of inhibition expressed in terms
of Ki. This assay is based on that disclosed in Boffa
et al, J. Biol. Chem., 1998, 273, 2127. Assay for
TAFIa inhibition. i) TAFI activation Human TAFI
(recombinant or purified) was activated by incubating
20ml of stock solution (360mg/ml) with 10ml of human
thrombin (10NIH units/ml), 10ml of rabbit
thrombomodulin (30mg/ml), 6ml calcium chloride (50mM)
in 50mL of 20mM HEPES
(N-[2-hydroxyethyl]piperazine-N-[2-ethanesulfonic
acid]) buffer containing 150mM sodium chloride and
0.01% TWEEN 80 (polyoxyethylene-sorbitan monooleate)
pH 7.6 for 20 minutes at 22C. At the end of the
incubation period, thrombin was neutralised by the
addition of 10mL of PPACK (D-Phe-Pro-Arg chloromethyl
ketone)(100nM). TAFIa solution was stored on ice for 5
minutes and finally diluted with 175ml of HEPES
buffer. ii) Ki Determination (TAFIa) Calculated KiA
number of different dilutions of the test compound in
water were made up. To 20ml of each dilution was added
150ml of HEPES buffer and 10ml of TAFIa, which was
then pre-incubated for 15 minutes at 24C. To each
dilution was then added 20ml
furylacryloyl-alanyl-lysine (FAAL) at a standard
concentration. Substrate turn over was measured by
reading the absorbance of the reaction mixture at
330nm every 5 seconds for 30 minutes. Reaction was
performed at 24C and samples were mixed for 3 seconds
prior to each absorbance reading. A graph of %
inhibition against test compound concentration was
then plotted; from which was calculated the IC50
value. The Ki value may then be calculated using the
Cheng-Prusoff equation. Two controls, positive and
negative, were used to check the accuracy of the
results in each case. For the first control, the assay
was performed as above, but with 20ml of water rather
than a dilution of the test compound. This showed
minimal inhibition. For the second control, the assay
was performed as above, but with an effective amount
of a non specific carboxypeptidase inhibitor rather
than a dilution of the test compound. This showed
maximal inhibition. Should the two controls not
demonstrate minimal and maximal inhibition
respectively then the results were discounted and the
test compound reanalysed. Using the above assay the
compounds of the present invention were found to be
potent and selective inhibitors of TAFIa. All
compounds had a Ki value less than 20mM. The specific
Ki value of certain compounds are detailed below:
()-6-Amino-2-[(1 -n-propyl-1
/-/-imidazol-4-yl)methyl]hexanoic acid (Example 3) Ki
= 310 nM (+)-(2S)-5-Amino-2-[(1 -n-propyl-1
H-imidazol-4-yl)methyl]pentanoic acid (Example 7) Ki =
13 nM
(2S)-2-[(2-Aminoethyl)amino]-3-(1H-imidazol-4-yl)propa
noic acid (Example 1 ) Ki = 344
nM(2S)-2-[(2-Aminoethyl)amino]-3-[1 -(1
,3-thiazol-5-ylmethyl)-1 H-imidazol-4-yl]propanoic 



acid (Example 45) Ki = 197 nM The selectivity of the
compounds of the present invention for TAFIa over
carboxypeptidase N has also been determined. This was
done by calculating the Ki of the compounds of the
present invention for carboxypeptidase N, then
comparing it to the Ki for TAFIa. The Ki was
calculated using the assay for the calculation of
TAFIa Ki, but substituting 10ml of human
carboxypeptidase N for 10ml of TAFIa. The compounds of
the present invention exhibit a strong selectivity for
TAFIa over carboxypeptidase N of the order of >50:1.
The compounds of the present invention are TAFIa
inhibitors, whose utility is based upon preventing the
reaction between a developing thrombus and TAFIa. It
has been found that the compounds of the present
invention are also capable of binding to a TAFI
molecule, at the site implicated in the reaction
between TAFIa and the developing clot. The use of
TAFIa inhibitors as described above in terms of scope
and utility, includes such TAFIa inhibitors which bind
to TAFI. The compounds of the formula (I) can also be
administered together with other antithrombotics,
including antiplatelet, anticoagulants and
profibrinolytics. Suitable antithrombotics include:
aspirin, Plavix(tm), ticlopidine, warfarin
(coumarin(tm)), unfractionated heparin, hirudin
(Lepirudin(tm)), streptokinase, urokinase, recombinant
tissue plasminogen activator (tPA), dipyridamole,
Reopro(tm), Aggrastat(tm), and Integrilin(tm). The
compounds of the formula (I) can also be administered
together with antihypertensives and with agents to
treat dyslipidaemia such as statins eg Lipitor(tm).
Further suitable drug classes for coadministration
include Factor X inhibitors and antiarrhythmics such
as amiodarone or digoxin. The present invention
provides for the use of a TAFIa inhibitor in the
preparation of a medicament in combination with an
antithrombotic for the treatment of thrombosis.The
present invention provides for the use of a compound
of formula (I) as described above in the preparation
of a medicament in combination with an antithrombotic
for the treatment of thrombosis. In a preferred
embodiment the antithrombotic is an profibrinolytic.
In a more preferred embodiment the antithrombotic is
recombinant tissue plasminogen activator (tPA). The
present invention provides a method of treating or
preventing thrombosis, which comprises administering a
therapeutically effective amount of a TAFIa inhibitor
in combination with an antifibrinolytic to a patient
in need of such treatment. The present invention also
provides for a method of treating or preventing
thrombosis, which comprises administering a
therapeutically effective amount of a compound of
formula (I) and pharmaceutically acceptable salts,
solvates and prodrugs thereof in combination with an
profibrinolytic to a patient in need of such
treatment. In a preferred embodiment the
antithrombotic is an profibrinolytic. In a more
preferred embodiment the antithrombotic is recombinant
tissue plasminogen activator (tPA). The present
invention provides for a kit comprising: a) a
composition comprising a compound of formula (I) as
disclosed herein and a pharmaceutically acceptable
diluent or carrier; b) a composition comprising an
antithrombotic and a pharmaceutically acceptable
diluent or carrier; and c) a container The components
of this kit may be administered separately,
simultaneously or sequentially.The ability of a TAFIa
inhibitor used in conjunction with an antithrombotic
to lyse thrombi was investigated using surgical
procedures similar to those outlined in J. Cardiovasc.
Pharmacol. 1994 Feb; 23(2)194-202 and 203-21 1. The
study was designed with 4 groups (8 dogs/group): (i)
aspirin pre-treatment/vehicle infusion; (ii) no
pre-treatment/vehicle infusion; (iii) no
pre-treatment/ TAFIa inhibitor; and (iv) aspirin
pre-treatment/ TAFIa inhibitor. Method Aspirin
pre-treatment was 325mg daily for 3 days. TAFIa
inhibitor (compound of Ex 7) was given as a loading
dose followed by a continuous infusion with the aim of
achieving a steady state free plasma concentration of
4000nM (220x IC50 for TAFIa, in vitro). Thirty minutes
after initiating vehicle or compound infusion a
continuous electrical current was delivered to the
lumen of the left circumflex (LCX) coronary artery to
cause endothelial damage and stimulate the production
of a thrombus. Thrombi were allowed to mature for 1
hour prior to attempting to lyse the thrombus and
cause vessel reperfusion with t-PA. A total of 4 bolus
injections of t-PA (each 0.45 mg/kg i.v.) were given
sequentially at 15 minute intervals. Blood flow
through the coronary artery was then monitored for a
further 2 hours so as to assess vessel patency. Time
to vessel occlusion, and reperfusion were measured and
the quantity and quality of blood flow analysed
post-vessel re-perfusion. In addition, the effect of
treatment on surgical bleeding, activated clotting
time, cutaneous bleeding and 



platelet aggregation was also assessed. Results Data
is described in Fig 1. From Fig 1 it can be seen
that:1) TPA alone is superior to the combination of
tPA and aspirin. 2) The combination of a TAFIa
inhibitor and tPA is far superior to tPA alone. 3) The
improvement in coronary blood flow caused by TAFIa
inhibitor was maintained for the whole of the
reperfusion period (165 minutes) with significantly
greater flow compared to respective controls. Notably,
TAFIa inhibitor significantly increased the proportion
of animals in which flow was >75% of baseline at the
end of the protocol. At the end of the experiment only
2/8 dogs in the no pre-treatment/vehicle group and 1/8
dogs in the aspirin pretreatment/ vehicle group were
patent. In contrast, the injured vessels were patent
in 8/8 dogs in the TAFIa inhibitor treatment group. 4)
There was no effect of any of the treatments on
surgical bleeding, cutaneous bleeding time, activated
clotting time or ADP induced platelet aggregation
either pre- or post t-PA treatment. Combination (iv)
is not considered here. The present invention provides
for a composition comprising a compound of formula (I)
and a pharmaceutically acceptable excipient, diluent
or carrier. The compounds of formula (I) can be
administered alone but will generally be administered
in admixture with a suitable pharmaceutical excipient,
diluent or carrier selected with regard to the
intended route of administration and standard
pharmaceutical practice. For example, the compounds of
formula (I) can be administered orally, buccally or
sublingually in the form of tablets, capsules, ovules,
elixirs, solutions or suspensions, which may contain
flavouring or colouring agents, for immediate-,
delayed-, modified- , sustained-, pulsed- or
controlled-release applications. Such tablets may
contain excipients such as microcrystalline cellulose,
lactose, sodium citrate, calcium carbonate, dibasic
calcium phosphate and glycine, disintegrants such as
starch (preferably corn, potato or tapioca starch),
sodiumstarch glycollate, croscarmellose sodium and
certain complex silicates, and granulation binders
such as polyvinylpyrrolidone,
hydroxypropylmethylcellulose (HPMC),
hydroxypropylcellulose (HPC), sucrose, gelatin and
acacia. Additionally, lubricating agents such as
magnesium stearate, stearic acid, glyceryl behenate
and talc may be included. Solid compositions of a
similar type may also be employed as fillers in
gelatin capsules. Preferred excipients in this regard
include lactose, starch, a cellulose, milk sugar or
high molecular weight polyethylene glycols. For
aqueous suspensions and/or elixirs, the compounds of
the formula (I) may be combined with various
sweetening or flavouring agents, colouring matter or
dyes, with emulsifying and/or suspending agents and
with diluents such as water, ethanol, propylene glycol
and glycerin, and combinations thereof. The compounds
of formula (I) may also be administered in the form of
a liquid or suspension filled soft or hard gelatin
capsule. Such capsules are generally made of gelatin,
glycerin, water and sorbitol. Hard capsules are
distinguished from soft capsules by containing less
water and thus having a correspondingly stronger
shell. Additional excipients suitable for use in such
capsules include propylene glycol, ethanol, water,
glycerol and edible oils. The compounds of formula (I)
can also be administered parenterally, for example,
intravenously, intra-arterially, intraperitoneally,
intrathecally, intraventricularly, intraurethrally,
intrasternally, intracranially, intramuscularly or
subcutaneously, or they may be administered by
infusion techniques. For such parenteral
administration they are best used in the form of a
sterile aqueous solution which may contain other
substances, for example, enough salts or glucose to
make the solution isotonic with blood. The aqueous
solutions should be suitably buffered (preferably to a
pH of from 3 to 9), if necessary. The preparation of
suitable parenteral formulations under sterile
conditions is readily accomplished by standard
pharmaceutical techniques well known to those skilled
in the art.The compounds of formula (I) can also be
administered intranasally or by inhalation and are
conveniently delivered in the form of a dry powder
inhaler or an aerosol spray presentation from a
pressurised container, pump, spray, atomiser or
nebuliser, with or without the use of a suitable
propellant, e.g. dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, a
hydrofluoroalkane such as 1,1 ,1 ,2-tetrafluoroethane
(HFA 134A(tm)) or 1,1 ,1 ,2,3,3,3-heptafluoropropane
(HFA 227EA(tm)), carbon dioxide or other suitable gas.
In the case of a pressurised aerosol, the dosage unit
may be determined by providing a valve to deliver a
metered amount. The pressurised container, pump,
spray, atomiser or nebuliser may contain a solution or
suspension of the active compound, e.g. using a
mixture of ethanol and the propellant as the solvent,
which may additionally contain a lubricant, e.g.
sorbitan trioleate. Capsules and cartridges (made, for
example, from gelatin) for use in an inhaler or
insufflator may be formulated to contain a powder mix
of a compound of the formula (I) and a suitable powder
base such as lactose or starch. Alternatively, the
compounds of the formula (I) can be administered in
the form of a 



suppository or pessary, or they may be applied
topically in the form of a gel, hydrogel, lotion,
solution, cream, ointment or dusting powder. The
compounds of the formula (I) may also be dermaliy or
transdermally administered, for example, by the use of
a skin patch. They may also be administered by the
pulmonary or rectal routes. They may also be
administered by the ocular route. For ophthalmic use,
the compounds can be formulated as micronised
suspensions in isotonic, pH adjusted, sterile saline,
or, preferably, as solutions in isotonic, pH adjusted,
sterile saline, optionally in combination with a
preservative such as a benzylalkonium chloride.
Alternatively, they may be formulated in an ointment
such as petrolatum. For topical application, the
compounds of the formula (I) can be formulated as a
suitable ointment containing the active compound
suspended or dissolved in, for example, a mixture with
one or more of the following: mineral oil, liquid
petrolatum, white petrolatum, propylene glycol,
polyoxyethylene polyoxypropylene compound, emulsifying
wax and water. Alternatively, they can be formulated
as a suitable lotionor cream, suspended or dissolved
in, for example, a mixture of one or more of the
following: mineral oil, sorbitan monostearate, a
polyethylene glycol, liquid paraffin, polysorbate 60,
cetyl esters wax, cetearyl alcohol, 2-octyldodecanol,
benzyl alcohol and water. The compounds of the formula
(I) may also be used in combination with a
cyclodextrin. Cyclodextrins are known to form
inclusion and non-inclusion complexes with drug
molecules. Formation of a drug-cyclodextrin complex
may modify the solubility, dissolution rate,
bioavailability and/or stability property of a drug
molecule. Drug-cyclodextrin complexes are generally
useful for most dosage forms and administration
routes. As an alternative to direct complexation with
the drug the cyclodextrin may be used as an auxiliary
additive, e.g. as a carrier, diluent or solubiliser.
Alpha-, beta- and gamma-cyclodextrins are most
commonly used and suitable examples are described in
WO-A-91/1 1172, WO-A-94/02518 and WO-A- 98/55148. The
invention is further illustrated by the following,
non-limiting examples. Melting points were determined
on a Gallenkamp melting point apparatus using glass
capillary tubes and are uncorrected. Unless otherwise
indicated all reactions were carried out under a
nitrogen atmosphere, using commercially available
anhydrous solvents. '0.88 Ammonia' refers to
commercially-available aqueous ammonia solution of
about 0.88 specific gravity. Thin-layer chromatography
was performed on glass-backed pre-coated Merck silica
gel (60 F254) plates, and silica gel column
chromatography was carried out using 40-63 m silica
gel (Merck silica gel 60). Ion exchange chromatography
was performed using with the specified ion exchange
resin which had been pre-washed with deionised water.
Proton NMR spectra were measured on a Varian Inova
300, Varian Inova 400, or Varian Mercury 400
spectrometer in the solvents specified. In the NMR
spectra, only exchangeable protons which appeared
distinct from the solvent peaks are reported. Low
resolution mass spectra were recorded on either a
Fisons Trio 1000, using thermospray positive
ionisation, or a Finnigan Navigator, using
electrospray positive or negative ionisation. High
resolution mass spectra were recorded on a Bruker Apex
II FT-MSusing electrospray positive ionisation.
Combustion analyses were conducted by Exeter
Analytical UK. Ltd., Uxbridge, Middlesex. Optical
rotations were determined at 25C using a Perkin Elmer
341 polarimeter using the solvents and concentrations
specified. Example compounds designated as (+) or (-)
optical isomers are assigned based on the sign of
optical rotation when determined in deionised water.
Abbreviations and Definitions Arbocel(tm) Filtration
agent, from J. Rettenmaier & Sohne, Germany
Amberlyst(r) Ion exchange resin, available from
Aldrich Chemical 15 Company atm Pressure in
atmospheres ( 1 atm = 760 Torr) Biotage(tm)
Chromatography performed using Flash 75 silica gel
cartridge, from Biotage, UK BOC e/ -Butyloxycarbonyl
group br Broad c Concentration used for optical
rotation measurements in g per 100 ml (1 mg/ml is
0.10) cat Catalytic d Doublet dd Doublet of doublets
Degussa (r) 10 wt% palladium on activated carbon,
Degussa type E101 101 Company available from Aldrich
Chemical Company DOWEX(r) Ion exchange resin, from
Aldrich Chemical Company ee Enantiomeric excess HRMS
High Resolution Mass Spectrocopy (electrospray
ionisation positive scan) Hyflo(tm) Hyflo super
eel(r), from Aldrich Chemical Company liq liquid 



LRMS Low Resolution Mass Spectroscopy (electrospray or
thermospray ionisation positive scan) LRMS (ES ) Low
Resolution Mass Spectroscopy (electrospray
ionisationnegative scan) m Multiplet m/z Mass spectrum
peak MCI(tm) gel High porous polymer, CHP20P 75-1
50mm, from Mitsubishi Chemical Corporation q Quartet
Rf Retention factor on TLC s Singlet Sep-Pak(r)
Reverse phase C18 silica gel cartridge, Waters
Corporation t Triplet TLC Thin Layer Chromatography d
Chemical shift Example 1 ()-5-Amino-2-(1
/-/-imidazol-4-ylmethyl)pentanoic acid A mixture of
the ester from Preparation 1 (150mg, 0.25mmol) in
dioxane (2ml) and aqueous sodium hydroxide (2ml, 2N)
was stirred at room temperature for 1.5 hours. Aqueous
hydrochloric acid (6ml, 6N) was carefully added, and
the reaction heated under reflux for 24 hours. The
cooled mixture was purified by ion exchange column
chromatography (DOWEX(r) 50WX8-200), using an elution
gradient of deionised water : 0.88 ammonia (100:0 to
97:3). The product was triturated with methanol to
give the title compound as a white solid, 28mg, 57%
yield. 1H-NMR (CD3OD, 300MHz) d: 1.44-1 .75 (m, 4H),
2.48 (m, 1H), 2.62 (dd, 1H), 2.90 (m, 3H), 6.81 (s,
1H), 7.55 (s, 1H).HRMS : m/z 198.1242 (MH+) , calcd
198.1237. Example 2 ()-5-Amino-2-f(1 -n-propyl-1
H-imidazol-4-yl)methv ppentanoic acid A mixture of the
ester from Preparation 2 (85mg, 0.17mmol) in dioxane
(1ml) and aqueous sodium hydroxide (1ml, 2N) was
stirred at room temperature for 72 hours. TLC analysis
showed starting material remaining, so the reaction
was heated at 70C for 3 hours. Aqueous hydrochloric
acid (2ml, 6N) was added to the cooled solution and
the reaction stirred at room temperature for 18 hours.
TLC analysis showed starting material remaining, so
the reaction was stirred at 70C for a further 2 hours.
The cooled mixture was extracted with hexane, and the
remaining aqueous solution was purified by ion
exchange column chromatography (DOWEX(r) 50WX8- 200)
eluting with a solvent gradient of deionised water :
0.88 ammonia (100:0 to 97:3). The product was
dissolved in a minimum volume of deionised water, and
freeze-dried to give the title compound as a gum,
18mg, 43% yield. 1H-NMR (CD3OD, 300MHz) d: 0.92 (t,
3H), 1.45-1 .70 (m, 4H), 1.79 (m, 2H), 2.43- 2.60 (m,
2H), 2.76-2.95 (m, 3H), 3.90 (t, 2H), 6.86 (s, 1H),
7.45 (s, 1H). HRMS : m/z 240.1713 (MH+) , calcd
240.1706. Example 3 (+)-6-Amino-2-r(1 -n-propyl-1
H-imidazol-4-vhmethyllhexanoic acidA mixture of the
protected amine from Preparation 3 (17mg, O.Odmmol) in
aqueous hydrochloric acid (2ml, 6N) was stirred at
room temperature for 3 hours. The solution was
purified directly by ion exchange chromatography
(DOWEX(r) 50WX8-200), eluting with a solvent gradient
of deionised water : 0.88 ammonia (100:0 to 97:3), to
give the title compound, 7mg, 55% yield. 1H-NMR
(CD3OD, 300MHz) d: 0.88 (t, 3H), 1.42 (m, 3H), 1.62
(m, 3H), 1.78 (m, 2H), 2.54 (m, 2H), 2.89 (m, 3H),
3.90 (t, 2H), 6.85 (s, 1H), 7.46 (s, 1H). HRMS : m/z
254.1870 (MH+) , calcd 254.1863. Example 4 -)-(2f
?)-5-Amino-2-.(1-n-butyl-1
/-/-imidazol-4-yl)methylIpentanoic acid A mixture of
the ester from Preparation 6 (185mg, 0.35mmol) in
dioxane (6ml) and aqueous sodium hydroxide (6ml, 2N)
was stirred at 50C for 3 hours. Aqueous hydrochloric
acid (12ml, 6N) was carefully added, and the reaction
stirred at 70C for a further 18 hours. The cooled
mixture was washed with ether, and the aqueous
solution purified by ion exchange chromatography
(DOWEX(r) 50WX8-200) eluting with a solvent gradient
of deionised water : 0.88 ammonia (100:0 to 95:5). The
product was azeotroped well with ether and dried in
vacuo to give the title compound as an off-white
solid, 45mg, 51% yield.H-NMR (CD3OD, 300MHz) d: 0.97
(t, 3H), 1.33 (m, 2H), 1.48-1 .79 (m, 6H), 2.45- 2.61
(m, 2H), 2.79-2.95 (m, 3H), 3.95 (t, 2H), 6.88 (s,
1H), 7.45 (s, 1H). HRMS : m/z 254.1873 (MH+) , calcd
254.1863. Example 5 (+H2S)-5-Amino-2-f (1-n-butyl-1
/-/-imidazol-4-yl)methyllpentanoic acid The title
compound was obtained in 35% yield, from the ester
from Preparation 7, following a similar procedure to
that described in Example 4. H-NMR (CD3OD, 300MHz) d:
0.97 (t, 3H), 1.33 (m, 2H), 1.48-1 .79 (m, 6H), 2.45-
2.61 (m, 2H), 2.79-2.95 (m, 3H), 3.95 (t, 2H), 6.88
(s, 1H), 7.45 (s, 1H). HRMS : m/z 254.1874 (M+) ,
calcd 254.1863. [ ]D = +3.7 (c 0.14, deionised water) 



[ ]D = -5.2 (c 0.15, methanol) Example 6
(-V.2R)-5-Amino-2-[(1 -n-propyl-1
/-/-imidazol-4-yl)methyllpentanoic acid A solution of
the protected amine from Preparation 9 ( 1.01g,
2.97mmol) in aqueous hydrochloric acid (15ml, 6N) was
stirred at room temperature for 18 hours. The solution
was purified directly by ion exchange chromatography
(DOWEX(r) 50WX8-200), eluting with a solvent gradient
of deionised water : 0.88 ammonia (100:0 to 97:3), to
give the title compound, 680mg, 94% yield. 1H-NMR
(CD3OD, 400MHz) d: 0.84 (t, 3H), 1.48 (m, 1H), 1.55-1
.68 (m, 3H), 1.76 (m, 2H), 2.42-2.57 (m, 2H), 2.86 (m,
3H), 3.83 (t, 2H), 6.82 (s, 1H), 7.42 (s, 1H). HRMS :
m/z 262.1533 (MNa+) , calcd 262.1526. Anal. Found: C,
58.04; H, 8.93; N, 16.92. C12H2 1N3O2.0.5H 2O requires
C, 58.04; H, 8.93; N, 16.92%. [ ] = -2.53 (c 0.15,
deionised water) Example 7 (+H2S)-5-Amino-2-f(1
-n-propyl-1 /-/-imidazol-4-yl)methv ppentanoic acid
Lithium hydroxide monohydrate ( 1.1g, 28mmol) and
water (28ml) were added to a solution of the lactam
from Preparation 11 (3g, 9.33mmol) in tetrahydrofuran
(45ml), and the reaction stirred at room temperature
for 18 hours. The solution was neutralised using
aqueous hydrochloric acid (6N), then further acid
(15ml, 6N) was added, and the solution stirred at room
temperature for 4 hours. The mixture was purified
directly by ion exchange chromatography (DOWEX(r)
50WX8-200), eluting with a solvent gradient of
deionised water : 0.88 ammonia (100:0 to 97:3), to
give the title compound as a solid, 2.1g, 94% yield.
This was triturated well with acetone, the supernatant
removed, and the residual solid dried in vacuo, to
give the title compound as a white solid. 1H-NMR (D2O,
400MHz) d: 0.60 (t, 3H), 1.30 (m, 2H), 1.40 (m, 2H),
1.55 (m, 2H), 2.26-2.40 (m, 2H), 2.57 (dd, 1H), 2.76
(m, 2H), 3.68 (t, 2H), 6.66 (s, 1H), 7.36 (s, 1H).
HRMS : m/z 240.1699 (MH+) , calcd 240.1706.Anal.
Found: C , 58.90; H, 8.90; N, 17.17. C12H2iN3O2"0.3H
2O requires C , 58.88; H, 8.92; N, 16.99%. [ ]D =
+2.80 (c 0.14, deionised water) [a]D = -4.9 (c 0.16,
methanol) [C ] D = -5.0 (c 0.10, ethanol) Alternative
method for Example 7 A slurry of the quinidine salt
from preparation 110 (19g, 28.6mmol) in water (95ml)
was adjusted to pH 10 using 5N sodium hydroxide
solution, and the mixture extracted with
dichloromethane (1x40ml, 2x20ml). The remaining
aqueous suspension was acidified using 5N hydrochloric
acid to pH 0.5, and the solution stirred at room
temperature for 18 hours. The solution was purified on
a Dowex(r) HCR-S ion-exchange resin column (40g),
using a n elution gradient of water:0.88 ammonia
(100:0 to 97:3). The resulting foam was slurried with
acetone (20ml), the solid filtered and dried in vacuo
at 40C to afford the title compound as a white solid,
4.6g, 68% yield. 1H-NMR (CD 3OD, 400MHz) d: 0.87 (t,
3H), 1.50 (m, 1H), 1.58-1 .72 (m, 3H), 1.78 (m, 2H),
2.44-2.59 (m, 2H), 2.90 (m, 3H), 3.88 (t, 2H), 6.84
(s, 1H), 7.46 (s, 1H). LRMS : m/z 240 (MH +) HRMS :
m/z 240.1705 (MH +) , calcd 240.1706. Anal. Found: C ,
49.10; H, 9.34; N, 14.31. C12H21N3O2"3H 2O requires C
, 49.13; H, 9.28; N, 14.32%. Example 8
(-)-(2R)-5-Amino-2-(1 r7-imidazol-4-ylmethyl)pentanoic
acid A mixture of the protected amine from Preparation
12 (85mg, 0.14mmol) in aqueous sodium hydroxide (1ml,
2N) and dioxane (1ml) was stirred at room temperature
for 3days. TLC analysis showed starting material
remaining, so additional aqueous sodium hydroxide
(1ml, 2N) was added, and the reaction stirred at 50C
for 18 hours. The mixture was cooled and treated with
aqueous hydrochloric acid (5ml, 6N). The solution was
then stirred at 80C for 18 hours, cooled to room
temperature, hexane added and the mixture stirred for
an hour. The layers were separated, and the aqueous
phase purified directly by ion exchange chromatography
(DOWEX(r) 50WX8-200), eluting with a solvent gradient
of deionised water : 0.88 ammonia (100:0 to 97:3), to
give the title compound, 20mg, 73% yield. H-NMR
(CD3OD, 300MHz) d: 1.40-1 .68 (m, 4H), 2.45 (m, 1H),
2.62 (dd, 1H), 2.78 (m, 2H), 2.90 (m, 1H), 6.78 (s,
1H), 7.50 (s, 1H). HRMS : m/z 198.1243 (MH+) , calcd
198.1237. [a] = -6.0 (c 0.1 mg/ml, deionised water)
Example 9 (+H2S)-5-Amino-2-(1 - -imidazol-4-ylmethv
pentanoic acid The title compound was obtained in 96%
yield from the protected amine from Preparation 13,
following the procedure described in Example 8. 1H-NMR
(CD3OD, 300MHz) d: 1.45 (m, 1H), 1.59 (m, 3H), 2.47
(m, 1H), 2.62 (dd, 1H), 2.78 (m, 2H), 2.90 (dd, 1H),
6.80 (s, 1H), 7.50 (s, 1H). 



HRMS : m/z 220.1064 (MNa+) , calcd 220.1056. Example
10
()-5-Amino-2-r(4-n-propyl-1ry-imidazol-2-yl)methvnpent
anoic acidA mixture of the protected amine from
Preparation 14 (108mg, 0.23mmol) in aqueous
hydrochloric acid ( 1.5ml, 6N) was stirred under
reflux for 1.5 hours. The cooled solution was purified
directly by ion exchange chromatography (DOWEX(r)
50WX8-200), eluting with a solvent gradient of
deionised water : 0.88 ammonia (100:0 to 96:4), to
give the title compound as a white solid, 30mg, 55%
yield. H-NMR (CD3OD, 400MHz) d: 0.95 (t, 3H), 1.45 (m,
1H), 1.62 (m, 5H), 2.48 (t, 2H), 2.58 (m, 1H), 2.76
(dd, 1H), 2.86 (m, 2H), 2.98 (dd, 1H), 6.60 (s, 1H).
HRMS : m/z 240.1718 (MH+) , calcd 240.1707. Anal.
Found: C, 54.04; H, 8.97; N, 15.68. C12H2 ,N 3O2
1.5H2O requires C, 54.12; H, 9.08; N, 15.78%. Example
11
(2S)-2-.(2-Aminoethyl.amino1-3-(1H-imidazol-4-yl)propa
noic acid Trifluoroacetic acid (17ml) was added
dropwise to a stirred solution of the product from
Preparation 16 (2.58g, 8.2mmol) in methanol : water
(27ml : 14ml). The reaction was slightly exothermic
with evolution of carbon dioxide gas. The mixture was
stirred at room temperature for 4 hours and the
solvent was removed by evaporation under reduced
pressure to give a colourless oil which was dried in
vacuo overnight. The resultant oil was treated with
aqueous sodium hydroxide solution ( 1N) until solution
was at pH=8. A further portion of aqueous sodium
hydroxide solution (1N, 30ml) was added and the
solution was stirred at room temperature for72 hours.
The solution was concentrated under reduced pressure
to 10ml and purified by ion exchange chromatography
(DOWEX(r) 50WX8-200) eluting with a solvent gradient
of deionised water : 0.88 ammonia solution (100:0 to
97:3). The solvent was removed by evaporation under
reduced pressure to afford a yellow oil which was
dissolved in deionised water (15ml) and freeze-dried
overnight to afford a foam. This material was
dissolved in deionised water : methanol (95:5) and
further purified using MCI(tm) gel (55g)
chromatography, eluting with a solvent gradient of
deionised water : methanol (95:5) to afford the title
compound, 1.13g, 69% yield. 1H-NMR (D2O, 300 MHz) d:
2.61-2.87 (m, 4H), 2.92 (m, 2H), 3.25 (t, 1H), 6.81
(s, 1H), 7.59 (s, 1H). LRMS : m/z 199.2 (MH+) Anal.
Found: C, 43.36; H, 7.51 ; N, 25.12. C8Hi4N O2 1 .3H2O
requires C, 43.35; H, 7.54; N, 25.28%. [ ] = + 1.74 (c
0.12, deionised water) Example 12
(2f?)-2-r(2-Aminoethyl)amino1-3-(1/-/-imidazol-4-yl)pr
opanoic acid The title compound was prepared from the
product of Preparation 17 using the procedure
described for Example 11. 1H-NMR (D2O, 300 MHz) d:
2.57-2.82 (m, 4H), 2.89 (m, 2H), 3.22 (t, 1H), 6.77
(s, 1H), 7.55 (s, 1H). [a]D = - 1.0 (c 0.10, deionised
water)Example 13 ()-2-[(2-Aminoethyl)aminol-3-(1
/-/-imidazol-2-yl)propanoic acid Trifluoroacetic acid
(0.5ml) was added dropwise to a stirred solution the
product from Preparation 18 (105mg, 0.34mmol) in
methanol : water (2ml : 1ml) and the mixture was
stirred at room temperature for 4 hours. The solvent
was then removed by evaporation under reduced pressure
and the residue was treated with aqueous sodium
hydroxide solution (1N) until solution was at pH=7. A
further portion of aqueous sodium hydroxide solution
(1N, 5ml) was added and the solution was stirred at
room temperature for 72 hours. The reaction solution
was then submitted to ion exchange chromatography
(DOWEX(r) 50WX8-200) eluting with deionised water :
0.88 ammonia (97:3). The solvent was removed by
evaporation under reduced pressure to afford a white
solid residue. This material was dissolved in
deionised water : methanol (95:5) and was further
purified using MCI(tm) gel chromatography, eluting
with deionised water: methanol (95:5) to afford the
title compound, 4mg, 6% yield. H-NMR (CD3OD, 300 MHz)
d: 2.74-2.98 (m, 4H), 3.13 (m, 1H), 3.35 (m, 2H), 6.95
(s, 2H). Example 14
(2S)-2-r(2-Aminoethyl)aminol-3-(1H-imidazol-2-yl)propa
noic acid The product from Preparation 19 (200mg,
0.45mmol) was treated with aqueous hydrochloric acid
(6N, 4ml) and heated at reflux for 3 hours. The
solvent was thenremoved by evaporation under reduced
pressure and the residue was purified by ion exchange
chromatography (DOWEX(r) 50WX8-200) eluting with an
elution gradient of deionised water : 0.88 ammonia
(100:0 to 97:3). The isolated material was then
freeze-dried to afford the title compound as a foam,
62mg, 69% yield. H-NMR (CD3OD, 300 MHz) d: 2.71-2.98
(m, 4H), 3.13 (m, 1H), 3.34 (m, 2H), 6.92 (b, 2H).
HRMS: m/z 199.1 184 (MH+) , calcd 199.1 190. Example
15 2S)-2- ( or S)-1-(Aminomethyl)propy
pamino}-3-(1H-imidazol-4-yl)propanoic acid 



Trifluoroacetic acid was added dropwise to a stirred
solution of the product from Preparation 2 1 (91 mg,
0.26mmol) in dichloromethane (1ml) and the mixture was
stirred at room temperature for 17 hours under a
nitrogen atmosphere. The solvent was then removed by
evaporation under reduced pressure and the residue was
azeotroped with toluene. The resultant material was
dissolved in aqueous sodium hydroxide solution (5ml,
2N) and stirred at room temperature for 72 hours.
Solution was then purified by ion exchange
chromatography (DOWEX(r) 50WX8-200), eluting with a
solvent gradient of deionised water : 0.88 ammonia
(100:0 to 95:5), to afford the title compound, 37.3mg,
62% yield. 1H-NMR (CD3OD, 400 MHz) d: 0.81 (t, 3H),
1.37 (m, 1H), 1.50 (m, 1H), 2.62 (m, 1H), 2.67 (m,
1H), 2.78(m, 1H), 2.90 (dd, 1H), 2.98 (dd, 1H), 3.33
(dd, 1H), 6.87 (s, 1H), 7.57 (s, 1H). HRMS : m/z
227.151 1 (MH+) , calcd 227.1503.Example 16
2S)-2-(.(7S or
f?)-1-(Aminomethyl)propynamino)-3-(1/-/-imidazol-4-yl)
propanoic acid Trifluoroacetic acid was added dropwise
to a stirred solution the product from Preparation 22
(167mg, 0.49mmol) in dichloromethane (1ml) and the
mixture was stirred at room temperature for 17 hours
under a nitrogen atmosphere. Solvent was removed by
evaporation under reduced pressure and residue
azeotroped with toluene. The resultant material was
dissolved in aqueous sodium hydroxide solution (5ml,
2N) and stirred at room temperature for 72 hours.
Solution was then purified by ion exchange
chromatography (DOWEX(r) 50WX8-200) eluting with a
solvent gradient of deionised water : 0.88 ammonia
(100:0 to 95:5) to afford the title compound, 38.7mg,
35% yield. 1H-NMR (CD3OD, 400 MHz) d: 0.73 (t, 3H),
1.35 (m, 2H), 2.43 (m, 1H), 2.53 (t, 1H), 2.70 (m,
1H), 2.95 (dd, 1H), 3.10 (dd, 1H), 3.40 (dd, 1H), 6.90
(s, 1H), 7.60 (s, 1H). HRMS : m/z 227.1500 (MH+) ,
calcd 227.1502. Example 17 2S -2- .(1 S
-1-(Aminomethyl)-2-methylpropynamino>-3-(1
-imidazol-4-yl propanoic acidTrifluoroacetic acid
(2ml) was added to a stirred solution of the product
from Preparation 23 (100mg, 0.28mmol) in
dichloromethane (1ml) and the mixture was stirred at
room temperature for 17 hours. The solvent was then
removed by evaporation under reduced pressure and the
residue azeotroped with toluene. The residue was then
dissolved in aqueous sodium hydroxide solution (2M,
2ml) and stirred at room temperature for 72 hours. The
solution was then purified by ion exchange
chromatography (DOWEX(r) 50WX8-200) eluting with a
solvent gradient of deionised water : 0.88 ammonia
(100:0 to 97:3). The isolated material (35mg) was
further purified by chromatography on reverse phase
silica gel (C18 Sep-Pak(r)), eluting with deionised
water, and then freeze-dried to afford the title
compound (mixture of diastereoisomers), 20mg, 30%
yield. 1H-NMR (CD3OD, 300 MHz), mixture of
diastereoisomers, d: 0.67-0.90 (4x d , 6H), 2.40-3.40
(m, 7H), 6.85-6.95 (2x s, 1H), 7.72-7.62 (2x s, 1H).
HRMS : m/z 241 .1661 (MH+) , calcd 241 .1659. TLC :
methanol : ethyl acetate : 0.88 ammonia : acetic acid
: water (60 : 12 : 4 : 4 :8) Rf = 0.52 and 0.44.
Example 18
2S)-2-ir(1f?S)-2-Amino-1-benzylethyllamino>-3-(1/-/-im
idazol-4-yl)propanoic acid Trifluoroacetic acid (2ml)
was added to a stirred solution of the product from
Preparation 24 (100mg, 0.25mmol) in dichloromethane
(1ml) and stirred at room temperature for 17 hours.
The solvent was then removed by evaporation under
reduced pressure and the residue azeotroped with
toluene. The residue was dissolved in aqueous sodium
hydroxide solution (2N, 2ml) and stirred at room
temperature for 17 hours. The solution was then
purified by ion exchange chromatography (DOWEX(r)
50WX8-200) eluting with a solvent gradient of
deionisedwater : 0.88 ammonia (100:0 to 97:3) and
isolated material was freeze-dried to afford the title
compound, 4 1mg, 58% yield. 1H-NMR (CD3OD, 300 MHz) d:
2.48-2.72 (m, 2H), 2.77-3.10 (m, 3H), 3.25-3.47 (2x m,
1H), 3.31 (d, 2H), 6.80 (2x s, 1H), 6.91 (d, 1H),
7.10-7.30 (m, 4H), 7.55-7.63 (2x s, 1H). HRMS : m/z
289.1662 (MH+) , calcd 289.1659. Example 19
(2S)-3-(1/-/-lmidazol-4-yl)-2-f(3RS)-pyrrolidinylamino
)1propanoic acid Aqueous sodium hydroxide solution (
1.7ml, 5N) was added dropwise to a stirred solution of
the product from Preparation 20 (200mg, O.dmmol) in
deionised water (20ml) and the solution was stirred at
room temperature overnight. The solution was then
purified by ion exchange chromatography (DOWEX(r)
50WX8-200) eluting with a solvent gradient of
deionised water : 0.88 ammonia (100:0 to 95:5) to
afford the title compound as a pink foam, 90mg, 50%
yield. 1H-NMR (D20 , 300 MHz), mixture of
diastereoisomers, d: 1.67 (m, 1H), 2.05 (m, 1H), 2.70
(m, 2H), 2.90 (m, 1H), 3.05-3.38 (m, 5H), 6.69 (s,
1H), 7.59 (s, 1H). LRMS : m/z 225.3 (MH+) [ ] = +1.57
(c 0.076, deionised water) 



Example 20 (2SV2-I. (1R.2S)-2-Amino-1
-methylpropyllamino)-3-f 1H-imidazol-4-vhpropanoic
acidAqueous sodium hydroxide solution (2ml, 2N) was
added to a stirred solution of the product from
Preparation 26 (260mg, 7.64mmol) in dioxane (2ml) and
the mixture was stirred for 2.5 hours at room
temperature. Aqueous hydrochloric acid (50% by volume,
4ml) was added and the mixture was stirred at room
temperature for 17 hours. The solution was then
purified by ion exchange chromatography (DOWEX(r)
50WX8-200) eluting with a solvent gradient of
deionised water : 0.88 ammonia (100:0 to 97:3) to
afford a white solid which was dissolved in deionised
water and further purified by chromatography on
reverse phase silica gel (C18 Sep-Pak(r)), eluting
with deionised water, to afford the title compound,
15mg, 9% yield. 1H-NMR (CD3OD, 300 MHz) d: 0.93 (d,
3H), 1.17 (d, 3H), 2.62-2.80 (m, 2H), 3.08 (m, 1H),
3.20 (m, 1H), 3.37 (m, 1H), 6.92 (s, 1H), 7.61 (s,
1H). HRMS : m/z 227.1506 (MH+) , calcd 227.1502.
Example 2 1
(2S)-2-f(2-Aminoethyl)(methyl)amino1-3-(1H-imidazol-4-
yl)propanoic acid Trifluoroacetic acid (10ml) was
added to a stirred solution of the product from
Preparation 27 (900mg, 2.8 mmol) in methanol :
deionised water (10ml : 8ml) and the mixture was
stirred for 2 hours. The solvent was removed by
evaporation under reduced pressure to afford a light
brown oil which was dissolved in excess aqueoussodium
hydroxide solution (1N) and stirred for 17 hours. The
solution was concentrated under reduced pressure and
purified by ion exchange chromatography (DOWEX(r)
50WX8-200) eluting with a solvent gradient of
deionised water : 0.88 ammonia (100:0 to 96:4) to
afford the title compound as a white foam, 381 mg, 60%
yield. 1H-NMR (D20 , 300 MHz) d: 2.25 (s, 3H), 2.50
(m, 1H), 2.60-3.37 (m, 6H), 6.78 (s, 1H), 7.58 (s,
1H). Example 22 (2S)-3-( 1/-/-lmidazol-4-yl)-2-(1
-piperazinvDpropanoic acid Aqueous sodium hydroxide
solution (5N, 170ml) was added to a stirred solution
of the product from Preparation 28 (50mg, 0.012mmol)
in water (a few drops) and the solution was stirred at
room temperature for 18 hours. The solution was then
submitted to ion exchange chromatography (DOWEX(r)
50WX8-200), eluting with a solvent gradient of
deionised water : 0.88 ammonia (100:0 to 95:5), and
the solvent then removed by evaporation under reduced
pressure. The residue was suspended in diethyl ether
and then re-evaporated to afford the title compound as
a white solid, 17mg, 73% yield. 1H-NMR (D2O, 300 MHz)
d: 2.62-2.98 (m, 6H), 3.05-3.30 (m, 5H), 6.80 (s, 1H),
7.60 (s, 1H). HRMS : m/z 225.1338 (MH+) , calcd
225.1346. [a]D = +14.84 (c 0.062, deionised water) TLC
: methanol : ethyl acetate : 0.88 ammonia : acetic
acid : water (60 : 12 : 4 : 4 : 8) Rf = 0.20.Example
23
(2S)-2-(1.4-Diazepan-1-yl)-3-(1H-imidazol-4-yl)propano
ic acid Homopiperazine (1.86g, 18.6mmol) was added to
a stirred solution of the product from Preparation 6 1
(350mg, 1.86mmol) in acetonitrile (40ml) and the
solution was stirred for 2 hours at room temperature
then heated at reflux for 18 hours. The solvent was
removed under reduced pressure and the residue was
dissolved in dichloromethane and washed with water
(3x20ml). The organic phase was concentrated under
reduced pressure and the resultant oil was dissolved
in deionised water and purified by ion exchange
chromatography (DOWEX(r) 50WX8- 200) eluting with a
solvent gradient of deionised water : 0.88 ammonia
(100:0 to 95:5) to afford the title compound as a
beige solid, 300mg, 68% yield. 1H-NMR (D2O, 300 MHz)
d: 1.83 (m, 2H), 2.70-3.23 (m, 10H), 3.40 (t, 1H),
6.80 (s, 1H), 7.60 (s, 1H). LRMS : m/z 239.2 (MH+)
Anal. Found: C, 50.79; H, 7.85; N, 21.31 . C11H18N4O2
1 .25H2O requires C, 50.66; H, 7.92; N, 2 1.48%. [ ]D
= +2.47 (c 0.24, deionised water) Example 24
(2S)-2-f(2-Aminoethyl)amino]-3-(1 -ethyl-1
H-imidazol-4-yl)propanoic acidConcentrated
hydrochloric acid (5ml) was added to a stirred
solution of the product from Preparation 30 ( 118mg,
0.32mmol) in water (5ml) and the mixture was heated at
reflux for 17 hours. The mixture was allowed to cool
to room temperature and the solvent was removed by
evaporation under reduced pressure. The residue was
purified by ion exchange chromatography (DOWEX(r)
50WX8-200) eluting with deionised water : 0.88 ammonia
(97:3). The isolated material was freeze-dried to
afford the title compound, 34mg, 47% yield. 1H-NMR
(CD3OD, 300 MHz) d: 1.40 (t, 3H), 2.75-3.02 (m, 6H),
3.33 (m, 1H), 3.98 (q, 2H), 6.95 (s, 1H), 7.53 (s,
1H). HRMS : m/z 227.1492 (MH+) , calcd
227.1503.Examples 25 - 40 The compounds of the
following tabulated Examples of the general formula:
were prepared by a similar method to that of Example
24 using the corresponding products from Preparations
31-46.DRILL STEM CONNECTION 



BACKGROUND OF THE INVENTION 1. Field of the Invention
This invention concerns drill stem threaded
connections in general. In particular the invention is
for a tool joint and a resulting drill string where
the tool joint connects drill pipe sections and other
elements of the drill stem together from the surface
to the drill bit. Still more particularly, this
invention is for a tool joint having internal and
external make-up shoulders for high torque application
of rotary drilling. 2. Description of Prior Art Deep
wells such as for oil and gas are drilled with a
rotary drill bit rotated by a drill stem which
consists of a bottomhole assembly, a string of drill
pipe, a kelly or top drive, and all associated
equipment in the rotating string to the drill bit. The
drill pipe string is made-up of individual members,
each about 30 feet in length. The drill pipe members
are secured together by a threaded connection, called
a tool joint, typically about 1-1/2 feet long. The
tool joints must withstand the normal torque
encountered during drilling, and also provide sealing
to prevent drilling fluid being pumped down the drill
pipe from leaking out the joints. Leakage out of the
tool joints causes wear due to the abrasiveness of the
drilling fluid, which can lead to early failure. A
conventional tool joint (sometimes called an API
[American Petroleum Institute] tool joint) is made-up
of a pin member and a box member. The pin member has
external threads and an external annular make-up
shoulder. The box member has internal threads and a
rim or face that makes up against the make-up
shoulder. In a conventional tool joint there is no
internal shoulder in the box member for contact by the
nose or face on the end of the pin. When the tool
joint members are made-up at the surface of thewell,
normally they are made-up to a torque that creates a
longitudinal stress in the threaded cross section that
is about one-half the yield strength of the weaker of
the pin or box. In drilling horizontal or extended
reach wells or when the drill string gets stuck in the
borehole, it is possible for drilling torque to exceed
the make-up torque, applied at the surface of the
well. When the drilling torque exceeds the surface
make-up torque, additional connection make-up torque
occurs. The additional make-up torque imparts higher
stresses in the connection which may exceed the yield
strength of the pin and box and cause downhole
failure. To avoid the possibility of failure, the
surface make-up torque should be higher than the
drilling torque. Consequently the drill pipe tool
joint industry has developed so called "double
shoulder tool joints" that have higher torque strength
characteristics than API tool joints, allowing higher
surface make-up torque. Double shoulder tool joints
have not only an external make-up shoulder, but also
an internal make-up shoulder and dimensions that cause
both shoulders to make up under high torque
conditions. As shown in U.S. Patent 2,532,632, double
shoulder tool joints have not only an external make-up
shoulder, but an internal make-up shoulder and
dimensions that cause both shoulders to make-up under
high torque conditions. A double shoulder tool joint
can have a substantially increased torsional yield
strength (as compared to an API tool joint) without
any additional thickness in the pin or box, and
without increasing the yield strength of the steel.
The prior art has strived to achieve better and better
operating characteristics for a double shoulder tool
joint by adjusting dimensions of elements that
characterize such a joint. Such elements include the
relative lengths of the box counterbore, pin base, the
pinnose, and the threads; the relative cross sectional
thickness of the box counterbore and the pin nose; and
the relative dimensions of the tool joint inner and
outer diameters. A double shouldered connection is
also described in U.S. 4,558,431. The box is provided
with an internal shoulder located below its threads.
The pin has a face on the end of its nose that mates
with the internal shoulder in the box. The dimensions
of the pin and box are selected so that when hand
tightened, the box face contacts the external shoulder
of the pin. A clearance exists between the pin nose
face and the internal shoulder of the box. When the
tool joint is fully made-up to its normal make-up
torque, the box face engages the external make-up
shoulder to the normal contact pressure. A hand tight
clearance is selected such that the pin face exerts
little or no pressure against the internal shoulder at
normal make-up torque. The above mentioned U.S.
4,548,431 specifies that the pin base and box
counterbore sections have a length at least one-third
the length of the engaged threads and that the pin
nose should have a length at least one-sixth the
length of the engaged threads. For the double
shouldered tool joint, described in U.S. 4,548,431,
with a 5" OD and 2- 11/16" ID, the torque to yield the
base section of the pin or the counterbore section of
the box for a double shouldered joint is 25,583 foot
pounds as compared to 18,100 foot pounds for an API
tool joint with the same OD and ID. The long
counterbore section lowers the resistance to
deflection thereby allowing reasonable manufacturing
tolerances for the hand tight clearance. However, the
long counterbore section tends to buckle outward under
high torque. Others in the industry select the hand
tight clearance such that the internal shoulder is
substantially loaded at the designed surface make-up
torque. Designed in this way, the internal shoulder
allows a larger surface make-up torque and may
therefore besafely used in wells which require a
larger drilling torque. When the tool joint is
tightened beyond the initial hand tight condition, the
counterbore of the box and the pin 



base section deflect. This deflection allows the pin
face to close the hand tight clearance and engage
against the internal shoulder. The loading of the pin
face and internal shoulder occurs prior to any
permanent deformation occurring in the box counterbore
and pin base sections. Expanding the concept of having
the internal shoulder loaded at surface make-up
torque, U.S. Patent 6,513,804 describes still another
double shouldered tool joint design in which the
internal shoulder makes up first, because the length
from the pin external shoulder to the pin nose is
greater than the length from the box face to the box
internal shoulder. The pin nose is specified to be
twice as long as the box counterbore. Having the
internal shoulder contact before the external shoulder
creates a risk that the external shoulder may not be
sufficiently loaded to effect a seal. The extra long
pin nose attempts to overcome this risk by lowering
the nose resistance to deflection. U.S. Patent
5,492,375 describes another design of a double
shoulder tool joint with an emphasis on optimizing the
torsional strength of a double shouldered connection.
The optimization is achieved by assuring that under
high torque conditions, the threads are very close to,
but not quite at failure in shear prior to yielding of
the pin nose and box counterbore or pin base. U.S.
5,492,375 specifies that the length of the engaged
threaded section of the pin, which determines the
shear area of the threads be such that At is equal to
or only slightly greater than 1.73( + AN ) where AL is
the lesser of the cross-sectional area of the pin base
or of the box counterbore and A is the cross-sectional
area of the pin nose. Optimization by this technique
provides only small increases in connection torsional
strength.U.S. Patent 5,908,212 describes another
double shoulder tool joint design by requiring (1)
that the sum of the cross-sectional area of the box
counterbore, plus the cross-sectional area of the pin
nose be at least 70% of the cross-sectional area of
the box, (2) that the taper of the threads be less
than one inch per foot, and (3) that the counterbore
section axial length be at least 1.5 inches. A shallow
thread taper dramatically increases the strength of
the internal shoulder and therefore increases the
torsional strength of the connection. However, drill
pipe joints with shallow thread tapers require
substantially more rotations of the pin with the box
during make up, as compared to conventional API tool
joints. The additional rig time required to make-up
these connections is very expensive and undesirable.
The shallow taper also makes connection stabbing and
unstabbing more difficult, because the connection must
be carefully aligned to avoid thread interference and
galling. Further, the shallow taper requires a large
loss of the limited tool joint length when the
connection is re-machined after wear or damage. The
prior art joints also provide conventional thread form
designs which inhibit optimum yield torque
characteristics for pipe joints generally and in
particular for double shoulder drill pipe joints. The
prior art tool joints are also characterized by a
thread form with a crest taper that matches the taper
of the threads. Figure 5 of the attached drawings
illustrates a prior art thread form where the taper of
the crest 4 1 is the same as the overall taper Tt/t of
the threads. A thread form in general is characterized
by a thread root 39, a load flank 35, a crest 41, a
crest-load radius 43, a crest-stab radius 45 and a
stab flank 33. When stabbing elements of the drill
pipe joint (i.e., stabbing a pin into a box), it is
inevitable that crests of one element will
occasionally come to rest on the thread crests of the
other. Figures 6A,6B and 6C illustrate a prior art pin
5 and box 5' being stabbed together with Figures 6B
and 6C showing cross sections of the threads of the
pin 5 and box 5'. Figure 6B shows the crests 4 1 of
the pin 5 resting on the thread crests 4 1' of the box
5'. As Figure 6C shows, a rotation of up to about
one-half turn is required to move pin 5 axially with
respect to box 5' to get past crest 41-crest 4 1'
contact and cause stab flank 33-stab flank 33'
contact. If crest to crest contact occurs with an
impact, the load flanks 36, 36', stab flanks 33, 33',
or both can be permanently damaged near the crests 41,
4 1', especially because of the small crest to load
flank and crest to stab flank radii typically found in
conventional tool joints. Even if damage does not
occur on stabbing, the pin tool joint crests 4 1 can
wedge into the box tool joint 5'. Such wedging action
is exacerbated by the impact. As the thread taper is
reduced, the wedging action gets worse. For a friction
factor of 0.08, the thread crests 41, 41' are
self-holding for thread tapers less than 2"/ft.
Self-holding means that the tool joints must be
forcibly separated. Forcing the threads past wedging
of the thread crests can eventually lead to galling
and other damage. 3. Identification of Objects of the
Invention A primary object of the invention is to
provide a drill stem connection, in particular for a
drill pipe tool joint with enhanced yield torque
characteristics. Another object of the invention is to
provide a drill pipe tool joint with enhanced yield
torque characteristics while simultaneously having a
make-up turns characteristic of a conventional API
tool joint. A specific objective of the invention is
to provide a drill pipe tool joint that is
characterized by a torsional strength that is at least
about fifty percent or more than that of a
conventional connection of comparable size and with
make-up turns about the same as the conventional
connection.Another object of the invention is to
provide a double shoulder drill pipe tool joint with
an improved thread form in combination with an optimum
thread taper such that enhanced torque characteristics
result. 



Another objective of the invention is to provide a
tool joint with a thread design that provides enhanced
stabbing characteristics when the pin is stabbed in
the box during make up. Another object of the
invention is to provide a tool joint design with a box
counterbore length shorter than or equal to the pin
nose length in order to avoid box buckling. Another
object of the invention is to provide a tool joint
design characterized by primary shoulder and secondary
shoulder stresses being within a range of 70% of each
other for optimization of load carrying ability within
manufacturing tolerances. Another object of the
invention is to provide a thread form for tool joints
where crest-to-crest wedging of threads while stabbing
is substantially prevented. Another object of the
invention is to provide a thread form for tool joints
that allows the pin threads to more easily center
within the box threads while providing a more rugged
shape with a more narrow crest without reducing the
contact area of the load flank. Another object of the
invention is to provide a thread form which (1)
provides a reduced stress concentration in the thread
root while maximizing the contact area of the load
flank and minimizing thread depth, (2) allows for
larger critical areas at the primary and secondary
shoulders of a double shoulder tool joint thereby
providing increased torque capacity of the joint, and
(3) reduces the probability ofjamming the
connection.Another specific objective of the invention
is to provide a double shoulder drill pipe tool joint
characterized by pin nose and counterbore lengths such
that stresses at the primary and secondary shoulders
increase at a similar rate as connection torque
increases are applied to the connection. Another
object of the invention is to provide a tool joint
with an enhanced wall thickness opposite the threads
in order to provide greater connection strength.
SUMMARY OF THE INVENTION The objects described above
along with other features and advantages of the
invention are incorporated in a double shoulder
connection joint having a pin nose cross section area
which is at least fifty percent as large as the
smaller of the cross section area of the box
counterbore or the pin base and having threads which
are tapered within a range of between about 1.0 and
1.2 inch per foot, preferably about 1.125 inch per
foot. A preferred taper is a compromise between a
lower limit of 1.0 inch per foot below which the turns
from stabbed to snugged generally exceed that required
for API tool joints. The upper limit of 1.2 inch per
foot is a limit beyond which yield torque for the tool
joint decreases significantly below about a one
hundred fifty percent torsional of the yield strength
of a conventional API connection of comparable size.
The preferred taper is about 1-1/8 inch per foot. With
the pin nose cross section size as specified above,
the length of the pin nose is provided to be about 1.0
to 1.5 times the counterbore length in order to
achieve primary and secondary shoulder stresses
increasing at a similar rate as torque increases are
applied to the connection.The thread form of the
internal and external threads of the double shouldered
pipe joint is characterized by a thread depth h
measured between a major radius - - and a minor radius
- - that is about one-half of the height (H) of a
fundamental triangle of the threads. The internal and
external threads are also characterized by a stab
flank angle between about 35 and about 42 degrees and
a load flank angle between about 25 and 34 degrees.
The preferred stab flank angle is about 40 degrees,
and the preferred load flank angle is about 30
degrees. The stab flank angle of 40 degrees enables
the connection to more easily center itself after
stabbing (as compared to a conventional 30 degree stab
flank angle), as well as providing a more rugged shape
and more narrow crest without reducing the contact
area of the load flank. The crest-stab radius of the
preferred drill pipe arrangement is enlarged beyond
that of a conventional thread form. The threads are
also characterized by the roots of the threads being
formed in a shape of a portion of an ellipse.
Furthermore, the crests have a crest taper which
slopes at an opposite angle from that of the thread
taper angle. The crest taper sloping at an angle
opposite that of the thread taper angle makes
crest-to-crest wedging unlikely when the pin and box
threads are stabbed together. The structure of the
thread form produces the advantages of the objects
identified above, because it (1) provides a reduced
stress concentration in the thread root while
maintaining maximum contact area of the load flank and
minimum thread depth, (2) allows for larger critical
areas at the primary and secondary shoulders of a
double shoulder tool joint thereby providing increased
torque capacity of the joint, and (3) reduces the
probability of jamming the connection.The thread form
is characterized by a thread pitch of about 0.25 inch
or greater. The preferred thread pitch is about 0.286
inch. The preferred drill pipe joint is also
characterized by the length of the pin nose section
being about 1.25 inches with the length of the
counterbore section being about 1 inch. The
cross-sectional area of the counterbore section of the
box, the cross-sectional area of the pin section at
the pin nose, the crosssectional area of the pin
section opposite the box counterbore, and the length
of the connected threads are selected such that the
strength of the connected threads when torque is
applied is substantially greater than the strength in
the pin nose or the box counterbore or the
cross-section of the pin opposite the box counterbore.



The tool joint of the invention is also characterized
by having an inner diameter which varies as a function
of tool joint length so that the tool joint wall is
thicker opposite the threads than at its ends in order
to provide greater strength to the connection at the
threads. BRIEF DESCRIPTION OF THE DRAWINGS The
drawings attached hereto illustrate a preferred
embodiment of the invention of which, Figure 1 is a
cross-section of the two drill pipe sections joined
end to end by a tool joint according to the invention;
Figure 2 is an enlarged cross-section illustration of
the tool joint showing pin and box members made-up and
showing tapered threads and a thread form according to
the invention;Figure 3 is an enlarged cross-section of
a thread form of the pin threads and the box threads,
showing stab and load flanks, root and crest forms and
taper according to the invention; Figure 4 is an
enlarged cross-section of a crest section of the
thread form showing that the crest of the threads is
tapered at an angle opposite the taper of the threads;
Figure 5 illustrates a prior art thread form with a
conventional crest arrangement which tapers at the
same angle as that of the threads; Figures 6A, 6B and
6C illustrate possible crest wedging of prior art
stabbed tool joints where conventional crest taper
angles match that of the threads; Figures 7A, 7B, 7C
illustrate stabbing of pin and box threads of a tool
join with a thread form having a thread crest as in
Figure 6 which slopes opposite to the thread taper;
Figures 8A and 8B illustrate that an increased stab
flank angle and large crest-stab radius of the thread
form of Figure 5 allows the pin threads to center into
the box threads easier than with conventional thread
forms; Figure 9 is a graph showing a range of
acceptable tapers for a preferred embodiment of the
double shoulder tool joint of the invention showing
that too large a taper decreases yield torque of the
connection, but too small a taper requires excessive
turns from stabbed to snugged of the connection.
DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
The description below describes the preferred
embodiments by reference to the attached figures which
include reference numbers to parts of the tool string
and tool joint of the invention. Correspondence
between reference numbers and parts follows:Reference
Number Description P OD Pipe Outer Diameter PID Pipe
Inner Diameter C/L Center line of joined pipe and tool
joint PUi D Pipe Upset Inner Diameter TJiDi Tool Joint
Inner Diameter at weld end of joint TJ ID2 Tool Joint
Inner Diameter at a middle portion of joint TJoD Tool
Joint Outer Diameter LTJ Tool Joint Length 2 Lower
Drill Pipe 2' Upper Drill Pipe 3 Upset portion of
lower drill pipe 31 Upset portion of upper drill pipe
4 Tool Joint 6 Lower Weld 6' Upper Weld 10 Pin 12 Box
14 Box counterbore 16 Pin Base 18 External Tapered Pin
Threads 20 Internal Tapered Box Threads 22 Pin Nose 24
Box Internal ShoulderReference Number Description 26
Pin Face or Circular Rim 28 Box External Shoulder or
Box Face or Circular Rim 30 Pin External Shoulder 32
Pitch Line of Threads 34 Stab Flank of Threads 36
Pressure or Load Flank of Threads Qs Stab Angle QP
Pressure or Load Angle LPN Pin Nose Length LBC Box
Counterbore Length Lm Length of Engaged Threads 



PS Primary Shoulder and Seal SS Secondary Shoulder
CSBC Cross Section of Box Counterbore CBpB Cross
Section of Pin Base CSpN Cross Section of Pin Nose 40
Thread Root 42 Thread Crest 44 Transition Shape from
Load Flank to Crest 46 Transition Shape from Crest to
Stab Flank 48 Fundamental Triangle of Thread Shape H
Height of Fundamental Triangle h Thread DepthReference
Number Description D MJ Major Radius (1/2) 2 EJL Pitch
Radius (1/2) 2 d MI Minor Radius (1/2) 2 E Ellipse for
Root Form EMI Ellipse Minor Diameter EMJ Ellipse Major
Diameter T A Thread Taper T c Crest Taper Description
of Drill Pipe with Tool Joints Figure 1 illustrates
lower and upper drill pipes 2, 2' connected together
by means of a tool joint 4 according to the invention.
The drill pipes 2 , 2' have upset portions 3, 3' which
have thicker wall thickness for welds 6, 6' at the
ends of the drill pipe to the ends of the tool joint
4. The Outer Diameter of the pipes 3, 3' is indicated
as P OD while the pipe inner diameter, for almost all
of its 30' length, is indicated as P ID- The inner
diameter of the ends of the pipe 3, 3' at the upset
portion is indicated as P OID which approximately
matches the inner diameter TJm of the weld ends of the
Tool Joint. While the outer diameter of the tool joint
TJ OD is substantially constant along the length of
the tool joint L TJ , the inner diameter of the tool
joint narrows from TJJ D I , at the weld ends of the
joint to TJ D2 for the section adjacent the threads of
the pin 10 and box 12. According to the invention,
TJ1D2 may be 1/8 inch (or more) smaller in diameter
than TJJDI, m order to provide thicker wall thickness
for the threaded section of the tool joint 4. It has
beenfound that while too small an inside diameter for
the tool joint may decrease allowable fluid flow rates
during drilling operations, a small decrease of 1/8
inch or 1/4 inch inside diameter over a short length
can be tolerated while providing significant
enhancement to the torque strength of the joint. It is
preferred that the length of the tool joint where
TJj>2 applies be not greater than about 2/3 of the
total tool joint length. Figure 2 illustrates the
double shoulder tool joint fully made up. According to
a preferred embodiment of the invention, the pin nose
cross sectional area CSP is at least fifty percent as
large as the smaller of the cross sectional area of
the box counterbore CSBC r cross sectional area of the
pin base CSPB - Such a relationship in pin nose, pin
base, and counterbore cross section areas results in
at least fifty percent increase in torsional strength
of the connection 4 as compared to a conventional API
connection of comparable size. Further, as explained
below, the thread taper of the box threads 20 and the
pin threads 18 should be within a range between about
1 inch/foot and 1.2 inch/foot, and preferably about
1-1/8" per foot. Furthermore, with the pin base cross
section CSPN being about fifty percent smaller than
the box counterbore cross section CSBC, the length of
the pin nose LPN should be about one to one and
one-half times as long as the counterbore length LBC i
order that the stresses at the primary PS and
secondary SS shoulders increase at about the same rate
as torque is applied to the connection. It is
essential that when excessive torque is applied to the
tool joint, that the threads 18 and 20 do not fail in
shear before the box counterbore 14 or the pin nose 22
yield or buckle or before yielding of the
cross-section of the pin base 16 opposite the box
counterbore. Accordingly, the pin nose cross-sectional
area CSPN and the length Lm of the internal threads 20
connected to the external threads 18 and the
cross-section of the box counterbore CSBC and the
counterbore length LPN are designed and arranged
asspecified above such that the strength of the
connected threads is greater than the torque strength
of the pin nose 22 or the box counterbore 14. Since
thread failure is worse than pin or box yield, a
safety factor in the thread strength is provided for
the preferred embodiment of the invention even if
exact optimization of the connection torsional
strength does not result. The preferred safety factor
in thread strength is provided with the pin nose
cross-section CSp being least 50% as large as the
cross-section of the box counterbore CSBCFigure 9
illustrates a parametric study for a preferred
embodiment of the invention (i.e., with CSm  .5 CSBC ,
CSm  .5 CSPB , and Lm (l.O to 1.5) LBC ), a thread
pitch of 0.286 inch (3.5 threads/inch), a thread depth
of about 0.1 inch and a pitch diameter of 



about 3.8 inch showing two parameters which
characterize the tool joint of the invention plotted
as a function of thread taper in inch/foot. The left
ordinate or y-axis represents the ratio of yield
torque of the connection of Figures 2 and 3 to yield
torque of an API connection (e.g., NC 38). The curve
labeled "Invention Yield Torque/API Yield Torque (%)"
shows that the connection of Figures 2 and 3 produces
increased yield torque, as compared to API
connections, with decreases in thread taper from 2
in/ft to 1/2 in/ft. The ratio of yield torque is about
150% at a thread taper of 1-1/8 in/ft. The right
ordinate represents a parameter that indicates how
many turns it takes for the connection to reach a
snugged condition after initial stabbing. The curve,
labeled "stabbed to snugged per turn," shows that for
the connection with 1A in/ft taper, one turn produces
only about 7% of the axial travel necessary from the
threads to reach snugged. On the other hand, for a 2
in/ft taper, one turn produces close to 35% of the
axial travel of the threads to reach snugged. The
stabbed to snugged curve indicates that for a taper of
1-1/8 in/ft, the stabbed to snugged per turn is about
17%. In other words, it takes about 6turns to achieve
snugging from initial stabbing for the connection with
a taper of 1-1/8 in/ft. A range of tapers has been
discovered for the preferred embodiment of the tool
joint described above that produces acceptable speed
when making up the connection while maintaining an
increased torsional strength of about 150% of a
conventional API connection. As Figure 9 illustrates,
a lower limit of taper of about 1 in/ft and an upper
limit of taper of about 1.20 in/ft produces acceptable
limits of turns from stabbed to snugged of about 6-1/2
turns and 5-1/2 turns. Such a range is acceptable
while not sacrificing significant reductions from a
maximized yield torque of about 150% as compared to an
API connection. A thread taper of about 1-1/8 is
preferred to maintain a high yield torque (e.g., 150%
of an API connection) of the connection while
simultaneously maintaining the number of turns (about
6 turns) to achieve snugged from initial stabbing as
quickly as possible. As indicated above, the taper
range of 1 in/ft to 1-1/5 in/ft results in a range of
between 6-1/2 turn to 5-1/2 turn for the specified
preferred embodiment with a pitch of 0.286 inch (3.5
threads/inch). If the parameter of the thread form is
relaxed, for example if the pitch is 0.25 inch (4
threads/inch), then the taper of 1 in/ft results in
about 8 turns required from stab to snug, a value
about the same as for a conventional API connection.
Within the taper range between 1 and 1-1/5 (1.2)
in/ft., the other thread form variables (pitch, pitch
diameter, major diameter, and minor diameter) which
affect yield torque and turns to snug may be adjusted
from the embodiment specified above. For example, if
pitch is reduced from 0.286 inch (3-1/2 threads/inch)
to 0.25 inch (4 threads/inch) with the other variables
constant, the turns required from stab to snug for a
taper of 1 in/ft would be less than 8 rums.Figure 2
illustrates a preferred embodiment of the double
shoulder tool joint of the invention fully made up.
According to the embodiment, the thread taper of the
box threads 20 and the pin threads 18 should be within
a range between about 1 inch/foot and 1.2 inch/foot,
and preferably about 1-1/8" per foot. Description of
Preferred Thread Form of a Drill Pipe Tool Joint
Figures 2 and 3 illustrate the thread form of the box
threads 20 and pin threads 18 of the connection of
Figure 1. It is preferred that the thread form have
less than or equal to 4 threads/inch, a common value
for API threads. Furthermore as illustrated
particularly in Figure 3, threads should have a thread
depth h as measured between a major radius -- and a
minor radius - - that is about one-half of the height
of a fundamental triangle 48 that defines the threads.
The arrangement allows for larger critical areas of
the primary and secondary shoulders and ultimately
produces a further increase in torque capacity of the
joint. Furthermore, the internal threads 20 and
external threads 18 should have a stab flank 34 that
makes an angle Qs with the fundamental triangle 48
from about 35 to about 42 degrees and a load flank
angle Qp between about 25 and about 34 degrees.
Preferably the stab flank angle Qs is about 40 degrees
and the load flank angle is about 30 degrees. The
thread form of Figure 3 is also characterized by
crests 42 with a transition shape 44 between a load
flank 36 and a crest 42. The transition shape 44 is
characterized as a radius that is less than or equal
to 0.012 inch thereby providing a large load flank 36.
A transition shape 46 between the stab flank 34 and
the crest 42 is equal to or greater than about .073
inch radius thereby reducing the thread crest width
and enabling a gradual entry of the mating thread
during stab-in and make up. The roots 40 of the thread
formaccording to the invention are formed in the shape
of an ellipse E having a major axis of EM and a minor
axis EMI - The root shape 40 is selected to provide a
smooth transition with the stab flank 34 and pressure
flank 36. The ellipse shape E produces a stress
concentration factor less than that of a 0.038 inch
root radius. As can be seen in the enlargement of the
thread crest 42 in Figure 4, the top of the crest 42
slopes with a crest taper Tc at an angle opposite from
that of the thread taper Tti. Preferably crest taper
is about 1 degree. The description above of prior art
thread forms by reference to Figures 5 and 6A, 6B and
6C shows that a crest 4 1 crest taper that is angled
approximately the same as the thread taper Ta, can
produce wedging of the threads. Conventional parts of
the thread forms are labeled: thread root 39, stab
flank 33, load flank 35, transition from laod flank to
crest 43, and transition from crest to stab flank 45.
A thread form with a crest taper Tc at an angle
opposite from that of the thread taper Tti, 



allows the pin to be more easily stabbed into the box.
Figures 7A, 7B and 7C illustrates the advantage, where
Figure 7A is a side view of a pin 10 being stabbed
into a box 12 of the tool joint and Figures 7B and 7C
showing the effect of the reverse angle Tc of the
crests of the threads. As seen in the enlarged view of
Figure 7C, crest-to-crest wedging of crests 42, 42' is
unlikely during stabbing due to the crest slopes being
in an opposite direction from the thread taper.
Figures 7A to 7C illustrate this advantage by
reference to conventional prior art thread forms shown
in a stabbing relationship of Figures 6A to 6C. As
indicated above, the stab flank angle Q$is increased
from a conventional 30 to a preferred 40. Also
mentioned above it that according to the invention,
the crest-stab flank transition shape 42 is increased
to a .073 inch or greater radius. A larger Qs and the
large crest-stab flank transition shape allows the
connection to more easily center itself after
stabbing. Figures 8A and 8B illustrate the effect. The
pins in Figure 8A illustratebeing stabbed into the box
12 from at an angle from the center line of the box
12. Because of the increased stab angle Qs and the
larger crest-stab flank transition shape, the pin 10
moves into alignment with the center line of the box
12 more easily. Furthermore, the probability of
jamming of the connection is reduced, because there is
less material to get in the way.WHAT IS CLAIMED IS: 1.
A double shoulder connection joint (4) for use in a
drill stem, having a pin (10) with external threads
(18) formed between a pin external shoulder (30) and a
pin face (26), a box (12) with internal threads (20)
formed between a box external shoulder (28) and a box
internal shoulder (24), the box (12) having a
counterbore section (14) between the internal threads
(20) and the box external shoulder (28), the pin
having a base section (16) between the external
shoulder (30) and the external threads (18), and a
nose section (22) between the external pin face (26)
and the external threads (18), said internal threads
(20) and said external threads (18) are arranged and
designed for connection with each other so that said
box (12) and said pin (10) are connected with a common
center-line (C/L) and with a primary seal (PS) formed
by said pin external shoulder (30) forced against said
box external shoulder (28) and a secondary shoulder
(SS) formed by said pin face (26) forced against said
box internal shoulder (24), and wherein said
connection joint is characterized by, said internal
threads (20) and said external threads (18) having a
thread taper (Tti,) with respect to said center-line
(C/L) which is greater than a thread taper (Tn, lower)
of 1.0 inch per foot, and which is less than an upper
limit (Tti, upper) of 1.2 inch per foot. 2. The
connection of claim 1, wherein thread form
characteristics of pitch, thread major diameter, and
thread pitch diameter are arranged and designed so
that less than 8 turns are required from stabbed to
snugged.3. The connection of claim 2, wherein said
turns required from stabbed to snugged is about 6
turns with a thread taper of about 1.125 inch per
foot. 4. The connection of claim 1, wherein said
external and internal threads are characterized by a
thread depth (h), measured between a major radius and
a minor radius about one-half or less of the height
(H) of a fundamental triangle of the threads. 5. The
connection of claim 1, wherein said internal threads
(20) and said external threads (18) are characterized
by a stab flank angle (Qs) between about 35 and about
42 degrees and a load flank angle (Qp) between about
25 and about 34 degrees. 6. The connection of claim 5,
wherein said stab flank angle (Qs) is about 40 degrees
and said load flank angle (Qp) is about 30 degrees. 7.
The connection of claim 1, wherein roots of said
internal threads (20) and said external threads (18)
are formed in a shape of a portion of an ellipse (E).
8. The connection of claim 1, wherein said internal
threads (20) and said external threads (18) have a
threaded taper (Tn,) with respect to said center-line
(C/L), and said internal threads (20) and said
external threads (18) are characterized by crests
having a crest taper (Tc) which slopes at an opposite
direction from that of said thread taper (Tth) .9. The
connection of claim 5, wherein said internal threads
(20) and said external threads (18) are characterized
by crests, and a transition shape (44) between said
load flank (36) and said crest (42) includes a radius
of curvature equal to or less than 0.012 inch, thereby
providing a large load flank. 10. The connection joint
of claim 5, wherein said internal threads (20) and
said external threads (18) are characterized by thread
crest widths formed by the truncation of the threads
of a total height (H), and a transition shape (46)
between said stab flank (34) of said crest (42)
includes a 



radius of curvature greater than 80% of the said
thread crest width, thereby enabling a gradual entry
of the mating thread during stab-in and make up. 11.
The connection of claim 7, wherein roots of said
internal threads (20) and said external threads (18)
are characterized by an elliptical shape that produces
a stress concentration factor less than that of a
0.038" root radius. 12. The connection of claim 1,
wherein said internal threads (20) and said external
threads (18) are characterized by a thread form with a
pitch of about 0.25 inches or greater. 13. The
connection of claim 1, wherein said nose section (22)
of said pin (10) has a length ( /w) equal to or
greater than a length (LBC) of said counterbore
section (14).14. The connection of claim 13, wherein
said length ( w) of said pin nose section (22) is
about 1.25 inches and said length (LBC) of said
counterbore section (14) is about 1 inch. 15. The
connection of claim 1, having a pin nose cross section
area, a counterbore cross-section area and a length L
TH of said internal threads (20) connected with said
external threads (18) that are designed and arranged
such that torque applied to the assembled connection
causes substantial yielding to first occur in the
weaker of the pin base section or the box counterbore
section or of the pin nose. 16. The connection of
claim 1, wherein when said pin (10) and said box (12)
are connected together, said box external shoulder
(28) and said pin external shoulder (30) define a
Primary Shoulder (PS) and said pin face (26) and said
box internal shoulder (24) define a Secondary Shoulder
(SS), and said pin nose length (LPN) , said
counterbore length (LBC), a length (Lm) of said
internal threads (20) connected with said external
threads (18), pin nose cross-sectional area (CSp^),
box counterbore area (CS BC) , pin base section area
and tool joint outer and inner diameters (TJ OD, TJmi)
are selected whereby secondary shoulder (SS) stress
and primary shoulder (PS) stress at surface make-up
are within 70% of each other depending on
manufacturing tolerances of said lengths, areas and
diameters. 17. The connection of claim 2, wherein said
thread taper (TTH) is about 1.125 inch per footsaid
external and internal threads are characterized by a
thread depth (h), measured between a major radius and
a minor radius that is about onehalf of the height (H)
of a fundamental triangle of the threads, said
internal threads (20) and said external threads (18)
are characterized by a stab flank angle (6fc) between
about 35 and about 42 degrees and a load flank angle
(Qp) between about 25 and about 34 degrees. 18. The
connection of claim 2, wherein said thread taper ( /,)
is about 1.125 inch per foot. said stab flank angle
(Qs) is about 40 degrees and said load flank angle is
about 30 degrees, roots of said internal threads (20)
and said external threads ( 18) are formed in a shape
of a portion of an ellipse (E), said internal threads
(20) and said external threads (18) have a threaded
taper (Tt),) with respect to said center-line (C/L),
and said internal threads (20) and said external
threads (18) are characterized by crests having a
crest taper (Tc) which slopes in an opposite direction
with respect to said centerline (C/L) than that of
said thread taper (Tr). 19. The connection of claim
18, wherein said internal threads (20) and said
external threads (18) are characterized by a thread
form with a pitch of about 0.25 inch or greater, said
length (LPN) of said pin nose section (22) is about
1.25 inches and said length (LBC) of said counterbore
section (14) is about 1 inch, andsaid pin nose cross
section area, said counterbore cross-section area and
a length L TH of said internal threads (20) connected
with said external threads (18) are designed and
arranged such that strength of the connected threads
with torque applied is greater than the strength of
said pin nose (22) or said box counterbore (14) or
said pin base. 20. The connection of claim 19, wherein
when said pin (10) and said box (12) are connected
together, said box external shoulder (28) and said pin
external shoulder (30) define a Primary Shoulder (PS)
and said pin face (26) and said box internal shoulder
(24) define a Secondary Shoulder (SS), and said pin
nose length (Ljw), said counterbore length (LBC), a
length (Lm) of said internal threads (20) connected
with said external threads (18), pin nose
cross-sectional area (CSp^), box counterbore area (CS
BC) and tool joint outer and inner diameters (TJ OD,
TJjni) are selected whereby secondary shoulder (SS)
longitudinal stress and primary shoulder (PS)
longitudinal stress at surface make-up torque are
within 70% of each other, depending on manufacturing
tolerances of said lengths, areas and diameters. 21. A
double shoulder connection (4) for use in a drill
stem, having a pin (10) with external threads (18)
formed between a pin external shoulder (30) and a pin
face (26), a box (12) with internal threads (20)
formed between a box face (28) and a box 



internal shoulder (24), the box (12) having a
counterbore section (14) between the internal threads
(20) and the box external shoulder (28), the pin
having a base section (16) between the external
shoulder (30) and the external threads (18), and a
nose section (22) between the external pin face (26)
and the external threads (18),said internal threads
(20) and said external threads (18) are arranged and
designed for connection with each other so that said
box (12) and said pin (10) are connected with common
center-line (C/L) and with a primary seal (PS) formed
by said pin external shoulder (30) forced against said
box face (28) and a secondary shoulder (SS) formed by
said pin face (26) forced against said box internal
shoulder (24), and wherein said connection is
characterized by said internal threads (20) and said
external threads (18) have a stab flank angle (Qs)
between about 35 and about 42 degrees and a load flank
angle (Qp) between about 25 and about 34 degrees. 22.
The connection of claim 21, wherein said external and
internal threads having a thread depth (K), measured
between a major radius and a minor radius that is
about one-half of the height (H) of a fundamental
triangle of the threads. 23. The connection of claim
21, wherein said stab flank (Qs) angle is about 40
degrees and said load flank angle is about 30 degrees.
24. The connection of claim 21, wherein roots of said
internal threads (20) and said external threads (18)
are formed in a shape of a portion of an ellipse (E).
25. The connection of claim 21, wherein said internal
threads (20) and said external threads (18) have a
threaded taper (Tti,) with respect to said center-line
(C/L), andsaid internal threads (20) and said external
threads (18) are characterized by crests having a
crest taper (Tc) which slopes in an opposite direction
with respect to said centerline (C/L) than that of
said thread taper (Ttii). 26. The connection of claim
21, wherein said internal threads (20) and said
external threads (18) are characterized by crests, and
a transition shape (44) between said load flank (36)
and said crest (42) includes a radius of curvature
equal to or less than 0.012 inch, thereby providing a
large load flank. 27. The connection of claim 21,
wherein said internal threads (20) and said external
threads (18) are characterized by thread crest widths
formed by the truncation of the threads of a total
height (H), and a transition shape (46) between said
stab flank (34) of said crest (42) includes a radius
of curvature greater than 80% of the said thread crest
width, thereby enabling a gradual entry of the mating
thread during stab-in and make up. 28. The connection
of claim 21, wherein roots of said internal threads
(20) and said external threads (18) are characterized
by an elliptical shape that produces a stress
concentration less than that of a 0.038 inch root. 29.
The connection of claim 22, wherein said internal
threads (20) and said external threads (18) have a
taper (Tti,) with respect to said center-line (C/L) of
about 1.125 inch per foot.30. A double shoulder
connection (4) for use in a drill stem, having a pin
(10) with external threads (18) formed between a pin
external shoulder (30) and a pin face (26), a box (12)
with internal threads (20) formed between a box
external shoulder (28) and a box internal shoulder
(24), the box (12) having a counterbore section (14)
between the internal threads (20) and the box external
shoulder (28), the pin having a base section (16)
between the external shoulder (30) and the external
threads (18), and a nose section (22) between the
external pin face (26) and the external threads (18),
said internal threads (20) and said external threads
(18) are arranged and designed for connection with
each other so that said box (12) and said pin (10) are
connected with common center-line (C/L) and with a
primary seal (PS) formed by said pin external shoulder
(30) forced against said box external shoulder (28)
and a secondary shoulder (SS) formed by said pin face
(26) forced against said box internal shoulder (24),
and wherein said connection is characterized by said
internal threads (20) and said external threads having
crests (42), and said internal threads (20) and said
external threads have a crest taper (Tc) which slopes
in a different direction from the center line of the
drill pipe joint than a direction of slope from the
centerline of said thread taper (Tti,). 31. The
connection of claim 30, wherein said internal threads
(20) and said external threads are characterized by a
stab flank angle of( Qs) between about 35 and 42
degrees and a load flank angle (Qp) between 



about 25 and 33 degrees.32. The connection of claim
31, wherein said stab flank angle Q$) is about 40
degrees and said load flank angle (Qp) is about 30
degrees. 33. The connection of claim 32, wherein said
internal threads (20) and said external threads ( 18)
are characterized by thread crest widths formed by the
truncation of the threads of a total height (H), and a
transition shape (46) between said stab flank (34) of
said crest (42) includes a radius of curvature greater
than 80% of the said thread crest width, thereby
enabling a gradual entry of the mating thread during
stab-in and make up. 34. A drill string comprising, a
first drill pipe (2) with a threaded box tool joint
(12) welded (6) to an upset portion (3) thereof and a
second drill pipe (2 with a threaded pin tool joint
(10) welded to an upset portion (3 thereof, with said
threaded pin tool joint (10) screwed into connection
with said box tool joint (12) wherein said first and
second (2, 2 1) drill pipes are characterized by a
pipe outer diameter (P OD) nd a pipe inner diameter
(PID), and by a pipe upset inner diameter (PU JD) ,
said pin tool joint (10) and said box tool joint (12)
are characterized by a tool joint outer diameter (TJ
OD), by a first tool joint inner diameter (TJ JDI ) at
each weld end thereof and by a tool joint inner
diameter (TJ/ ) in a region adjacent box threads and
pin threads wherein said tool joint outer diameter
TJOD is larger than said pipe outer diameter P OD,
said pipe upset inner diameter (PU / ) in smaller than
said pipe inner diameter (PID),said pipe upset inner
diameter (PU J ) is larger than said tool joint inner
diameter (TJ1D2), and said first tool joint inner
diameter (TJ JDI) is substantially equal to said pipe
upset inner diameter (PU JD) and said tool joint inner
diameter (TJ1D2) is smaller than said first tool joint
inner diameter (TJ IDI), wherein a wall thickness of
said tool joint adjacent said pin and threads is
enhanced for providing increased torque strength of
the connection, and a length of tool joint
characterized by TJJD2 is not greater than about 2/3
of the total tool joint length (Zr/ ) . 35. A double
shoulder connection (4) for use in a drill stem,
having a pin (10) with external threads (18) formed
between a pin external shoulder (30) and a pin face
(26), a box (12) with internal threads (20) formed
between a box external shoulder (28) and a box
internal shoulder (24), the box (12) having a
counterbore section (14) between the internal threads
(20) and the box external shoulder (28), the pin
having a base section (16) between the external
shoulder (30) and the external threads (18), and a
nose section (22) between the external pin face (26)
and the external threads (18), said internal threads
(20) and said external threads (18) are arranged and
designed for connection with each other so that said
box (12) and said pin (10) are connected with common
center-line (C/L) and with a primary seal (PS) formed
by said pin external shoulder (30) forced against said
box external shoulder (28) and a secondary shoulder
(SS) formed by said pin face (26) forced against said
box internal shoulder (24), and wherein said drill
pipe joint is characterized bya pin nose cross section
area, CSPN which is at least 50% as large as the
smaller of the area of the cross section of box
counterbore CSB C or the cross-section of the pin base
CSpB, and the pin nose length LPN is from about 1 to
1.5 times the counterbore length L B C- 36. The
connection (4) of claim 35 wherein said counterbore
section is characterized by a length L B C of about
3/4" . 37. The connection (4) of claim 36 wherein
thread characteristics of pitch, thread major
diameter, and pitch diameter are arranged and designed
so that less than 8 turns are required from stabbed to
snugged. 


