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PHENYLPYRROLIDINES, 
PHENY LIMIDAZOLIDINES,3-PHENYL-1,3- 

OXIZOLIDINES AND 3-PHENYL-1,3- 
THAZOLIDINES AND THEIR USE IN THE 

TREATMENT OF INFLAMMATORY 
DISEASE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

RELATED APPLICATIONS 

This application is a continuation-in-part of International 
Application No. PCT/US98/04254, filed Mar. 3, 1998, and 
U.S. application Ser. No. 09/033,148, filed Mar. 2, 1998 now 
abandoned. The benefit of prior provisional application Ser. 
No. 60/040,011, filed on Mar. 3, 1997, is hereby claimed. 

FIELD OF THE INVENTION 

The present invention relates generally to a Series of novel 
Small molecules, their Synthesis and their use in the treat 
ment of inflammatory disease. The invention further relates 
to the use of Similar, but known, compounds in the treatment 
of inflammatory disease. 

BACKGROUND OF THE INVENTION 

Research Spanning the last decade has helped to elucidate 
the molecular events attending cell-cell interactions in the 
body, especially those events involved in the movement and 
activation of cells in the immune System. See generally, 
Springer, T. Nature, 1990, 346, 425-434. Cell surface 
proteins, and especially the Cellular Adhesion Molecules 
(“CAMs”) and “Leukointegrins”, including LFA-1, MAC-1 
and gp150.95 (referred to in WHO nomenclature as CD18/ 
CD11a, CD18/CD11b, and CD18/CD11c, respectively) 
have correspondingly been the Subject of pharmaceutical 
research and development having as its goal the intervention 
in the processes of leukocyte extravasation to Sites of injury 
and leukocyte movement to distinct targets. For example, it 
is presently believed that prior to the leukocyte 
extravasation, which is a mandatory component of the 
inflammatory response, activation of integrins constitu 
itively expressed on leukocytes occurs and is followed by a 
tight ligand/receptor interaction between integrins (e.g., 
LFA-1) and one or several distinct intercellular adhesion 
molecules (ICAMs) designated ICAM-1, ICAM-2, ICAM-3 
or ICAM-4 which are expressed on blood vessel endothelial 
cell Surfaces and on other leukocytes. The interaction of the 
CAMs with the Leukointegrins is a vital step in the normal 
functioning of the immune System. Immune processes Such 
as antigen presentation, T-cell mediated cytotoxicity and 
leukocyte extravasation all require cellular adhesion medi 
ated by ICAMs interacting with the Leukointegrins. See 
generally Kishimoto, T. K.; Rothlein; R. R. Adv. Pharmacol. 
1994.25:117-138 and Diamond, M.; Springer, T. Current 
Biology, 1994, 4, 506–532. 
A group of individuals has been identified which lack the 

appropriate expression of Leukointegrins, a condition 
termed “Leukocyte Adhesion Deficiency” (Anderson, D.C.; 
et al., Fed. Proc. 1985, 44, 2671-2677 and Anderson, D.C.; 
et al., J. Infect. Dis. 1985, 152, 668–689). These individuals 
are unable to mount a normal inflammatory and/or immune 
response(s) due to an inability of their cells to adhere to 
cellular Substrates. These data show that immune reactions 
are mitigated when lymphocytes are unable to adhere in a 
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2 
normal fashion due to the lack of functional adhesion 
molecules of the CD18 family. By virtue of the fact that 
LAD patients who lack CD18 cannot mount an inflamma 
tory response, it is believed that antagonism of CD18, CD11 
/ICAM-1 interactions will also inhibit an inflammatory 
response. 

It has been demonstrated that the antagonism of the 
interaction between the CAMS and the Leukointegrins can 
be realized by agents directed against either component. 
Specifically, blocking of the CAMs, Such as for example 
ICAM-1, or the Leukointegrins, Such as for example LFA-1, 
by antibodies directed against either or both of these mol 
ecules effectively inhibits inflammatory responses. In vitro 
models of inflammation and immune response inhibited by 
antibodies to CAMS or Leukointegrins include antigen or 
mitogen-induced lymphocyte proliferation, homotypic 
aggregation of lymphocytes, T-cell mediated cytolysis and 
antigen-specific induced tolerance. The relevance of the in 
vitro studies are supported by in vivo studies with antibodies 
directed against ICAM-1 or LFA-1. For example, antibodies 
directed against LFA-1 can prevent thyroid graft rejection 
and prolong heart allograft Survival in mice (Gorski, A.; 
Immunology Today, 1994, 15,251-255). Of greater 
Significance, antibodies directed against ICAM-1 have 
shown efficacy in Vivo as anti-inflammatory agents in human 
diseases Such as renal allograft rejection and rheumatoid 
arthritis (Rothlein, R. R.; Scharschmidt, L., in: Adhesion 
Molecules; Wegner, C. D., Ed., 1994, 1-38, Cosimi, C.B.; 
et al., J. Immunol. 1990, 144, 4604-4612 and Kavanaugh, 
A.; et al., Arthritis Rheum. 1994, 37, 992-1004) and anti 
bodies directed against LFA-1 have demonstrated immuno 
Suppressive effects in bone marrow transplantation and in 
the prevention of early rejection of renal allografts (Fischer, 
A., et al., Lancet, 1989, 2, 1058–1060 and Le Mauff, B., et 
al., Transplantation, 1991, 52, 291-295). 

It has also been demonstrated that a recombinant Soluble 
form of ICAM-1 can act as an inhibitor of the ICAM-1 
interaction with LFA-1. Soluble ICAM-1 acts as a direct 
antagonist of CD18, CD11 /ICAM-1 interactions on cells 
and shows inhibitory activity in in vitro models of immune 
response Such as the human mixed lymphocyte response, 
cytotoxic T cell responses and T cell proliferation from 
diabetic patients in response to islet cells (Becker, J. C., et 
al., J. Immunol. 1993, 151, 7224 and Roep, B. O., et al., 
Lancet, 1994, 343, 1590). 

Thus, the prior art has demonstrated that large protein 
molecules which antagonize the binding of the CAMs to the 
Leukointegrins have therapeutic potential in mitigating 
inflammatory and immunological responses often associated 
with the pathogenesis of many autoimmune or inflammatory 
diseases. However proteins have significant deficiencies as 
therapeutic agents, including the inability to be delivered 
orally and potential immunoreactivity which limits the util 
ity of theses molecules for chronic administration. 
Furthermore, protein-based therapeutics are generally 
expensive to produce. 

It follows that small molecules having the similar ability 
as large protein molecules to antagonize the binding of the 
CAMs to the Leukointegrins would make preferable thera 
peutic agents. To date, however, no Small molecules acting 
as direct antagonists have been reported. 

Several Small molecules have been described in the 
literature which affect the interaction of CAMs and Leu 
kointegrins. A natural product isolated from the root of 
Trichilia rubra was found to be inhibitory in an in vitro cell 
binding assay (Musza, L. L.; et al., Tetrahedron, 1994, 50, 
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11369–11378). One series of molecules (Boschelli, D. H.; et 
al., J. Med. Chem. 1994, 37, 717 and Boschelli, D. H.; et al., 
J. Med. Chem. 1995, 38,4597-4614) was found to be orally 
active in a reverse passive Arthus reaction, an induced model 
of inflammation that is characterized by neutrophil accumu 
lation (Chang, Y. H.; et al., Eur. J. Pharmacol. 1992, 69, 
155-164). Another series of molecules was also found to be 
orally active in a delayed type hyperSensitivity reaction in 
rats (Sanfilippo, P. J.; et al., J. Med. Chem. 1995, 38, 
1057-1059). All of these molecules appear to act 
nonspecifically, either by inhibiting the transcription of 
ICAM-1 along with other proteins or act intracellularly to 
inhibit the activation of the Leukointegrins by an unknown 
mechanism. None of the molecules directly antagonize the 
interaction of the CAMs with the Leukointegrins. Due to 
lack of potency, lack of Selectivity and lack of a specific 
mechanism of action, the described Small molecules are not 
likely to be Satisfactory for therapeutic use. 

Based on the Status of the prior art, there remains a clear 
need for therapeutically useful Small molecules having the 
ability to antagonize the interaction of CAMS and Leukoin 
tegrins. 

SUMMARY OF THE INVENTION 

A first aspect of the invention comprises a method for 
treating or preventing inflammatory and immune cell 
mediated disease(s) by the administration of certain novel 
and known Small molecules. These compounds act by inhib 
iting the interaction of cellular adhesion molecules, Specifi 
cally by antagonizing the binding of human intercellular 
adhesion molecules (including, for example, ICAM-1, 
ICAM-2 and ICAM-3) to the Leukointegrins (including, for 
example, CD18/CD11a and CD18/CD11b). A second aspect 
of the invention comprises novel Small molecules having the 
above-noted therapeutic activities. A third aspect of the 
invention comprises methods for making these novel com 
pounds. A final aspect of the invention comprises pharma 
ceutical compositions comprising the above-mentioned 
compounds Suitable for the prevention or treatment of 
inflammatory and immune cell-mediated condition(s). 

DETAILED DESCRIPTION OF THE 
INVENTION 

In its first aspect, the invention comprises a method for 
treating or preventing inflammatory and immune cell 
mediated diseases by the administration of certain novel and 
known Small molecules of the formula I 

wherein: 
Y is an oxygen or Sulfur atom; 
Z is an oxygen or Sulfur atom; 
X is a divalent group of the formula >CHR', >NR', 
>CHSOR", or >NSOR", or an oxygen or sulfur atom, 
wherein R is: 
(A) a hydrogen atom, 
(B) branched or unbranched alkyl of 1 to 6 carbon 

atoms or cycloalkyl of 3 to 6 carbon atoms, which 
alkyl or cycloakyl group may be mono- or poly Sub 
stituted with: 

1O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

(i) halogen, 
(ii) oxo, 
(iii) aryl, which is selected from the class consisting 

of phenyl, naphthyl, indolyl, thiophenyl, pyridyl, 
pyrimidinyl, furyl, pyrrolyl, oxazolyl, thiazolyl, 
pyrazolyl, isoxazolyl, imidazolyl, isothiazolyl, 
OXadiazolyl, triazolyl, thiadiazolyl, pyridaZinyl, 
pyrazinyl, triazinyl, indolyzinyl, isolindolyl, benzo 
blfuranyl, benzobthiophenyl, indazolyl, 
benzthiazolyl, ben Zimidazolyl, quinolinyl, 
isoquinolinyl, purinyl, quinolizinyl, cinnolinyl, 
pthalaninyl, quinoxalinyl, napthyridinyl, pteridi 
nyl and quinazolinyl, wherein one or more hydro 
gen atoms of Said aryl group may be optionally 
and independently replaced with: 

(a) alkyl of 1 to 3 carbon atoms, 
(b) -COOH, 
(c) -SO,OH, 
(d) –PO(OH), 
(e) a group of the formula -COOR", wherein R7 is 

straight or branched alkyl of 1 to 5 carbon atoms 
or cycloalkyl of 3 to 5 carbon atoms, 

(f) a group of the formula-NRR, wherein R and 
Rare each independently a hydrogen atom, alkyl 
of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 carbon 
atoms or acyl of 1 to 7 carbon atoms, or wherein 
R and R constitute a saturated hydrocarbon 
bridge of 3 to 5 carbon atoms which together with 
the nitrogen atom between them form a heterocy 
clic ring, 

(g) a group of the formula -CONR'R'', wherein 
R'' and R'' are each independently a hydrogen 
atom, alkyl of 1 to 6 carbon atoms or cycloalkyl of 
3 to 6 carbon atoms, or wherein R'' and R' 
constitute a saturated hydrocarbon bridge of 3 to 5 
carbon atoms which together with the nitrogen 
atom between them form a heterocyclic ring, 

(h) a group of the formula -OR'", wherein R'" is 
a hydrogen atom, or an alkyl or acyl group of 1 to 
7 carbon atoms, 

(i) a group of the formula-SR', wherein R' is 
a hydrogen atom, or an alkyl or acyl group of 1 to 
7 carbon atoms, 

(i) cyano, or 
(k) an amidino group of the formula 

wherein R', R'' and Rare each, independently, a 
hydrogen atom or alkyl of 1 to 3 carbon atoms and 
wherein two of R', R'' and R' may additionally 
constitute a saturated hydrocarbon bridge of 3 to 5 
carbon atoms which together with the nitrogen 
atom(s) between them form a heterocyclic ring, 

(iv) a group of the formula -COOR', wherein R' is 
straight or branched alkyl of 1 to 7 carbon atoms or 
cycloalkyl of 3 to 6 carbon atoms, 

(V) cyano, 
(vi) a group of the formula-CONR'R'', wherein R'7 

and R' are each, independently, a hydrogen atom, 
alkyl of 1 to 6 carbon atoms or cycloalkyl of 3 to 6 
carbon atoms, or wherein R'' and R' constitute a 
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saturated hydrocarbon bridge of 3 to 5 carbon atoms 
which together with the nitrogen atom between them 
form a heterocyclic ring, 

(vii) a group of the formula -OR', wherein R' is a 
hydrogen atom, or an alkyl or acyl group of 1 to 7 
carbon atoms, 

(viii) a group of the formula - SR", wherein R' is a 
hydrogen atom, or an allyl or acyl group of 1 to 7 
carbon atoms, 

ix) a group of the formula -NR'R'', wherein R' group 
and Riff are each, independently, 
(a) a hydrogen atom, 
(b) alkyl or acyl of 1 to 7 carbon atoms or cycloalkyl 

of 3 to 7 carbon atoms, 
(c) a group of the formula -CH2)COOH, wherein 
m is 0, 1 or 2, or 

(d) a group of the formula -CH2)COOR, 
wherein n is 0, 1 or 2, wherein R is straight or 
branched alkyl of 1 to 6 carbon atoms, 

or wherein R and R' constitute a saturated hydro 
carbon bridge of 3 to 5 carbon atoms which 
together with the nitrogen atom between them 
form a heterocyclic ring, or 

(x) a quaternary group of the formula 

wherein R, R and Rare each, independently, a 
branched or unbranched alkyl group of 1 to 7 
carbon atoms and Q is a chlorine, bromine or 
iodine counterion, 

(C) a branched or unbranched carboxylic acid group of 3 
to 6 carbon atoms, 

(D) a branched or unbranched phosphonic acid group of 
2 to 6 carbon atoms, 

(E) a branched or unbranched Sulfonic acid group of 2 to 
6 carbon atoms, 

(F) an anilino group of the formula 

R29 

wherein r is 2, 3, 4, 5 or 6, and 
R7, R and R' are each, independently, a hydrogen 

atom or alkyl of I to 3 carbon atoms, and wherein two 
of R7, R and R' may additionally constitute a 
saturated hydrocarbon bridge of 3 to 5 carbon atoms 
which together with the nitrogen atom(s) between 
them form a heterocyclic ring, 
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6 
(G) an guanidino group of the formula 

31 

R30 - 

-(CH3); N-CNR 
N 

l 
wherein S is 2, 3, 4, 5 or 6, and 
R, R, R- and R are each, independently, a 

hydrogen atom or alkyl of 1 to 3 carbon atoms, and 
wherein two of R, R, R and R may addition 
ally constitute a Saturated hydrocarbon bridge of 3 to 
5 carbon atoms which together with the nitrogen 
atom(s) between them form a heterocyclic ring, 

(H) piperidyl, wherein the nitrogen atom of Said group is 
optionally substituted with: 
(i) alkyl of 1 to 3 carbon atoms, 
(ii) a carboxylic ester group of 2 to 7 carbon atoms, 
(iii) a carboxylic acid group of 2 to 5 carbon atoms, 
(iv) a phosphonic acid group of 1 to 6 carbon atoms, or 
(v) a Sulfonic acid groups of 1 to 6 carbon atoms, or 

(I) aryl which is selected from the class consisting of 
phenyl, naphthyl, indolyl, thiophenyl, pyridyl, 
pyrimidinyl, furyl, pyrrolyl, oxazolyl, thiazolyl, 
pyrazolyl, isoxazolyl, imidazolyl, isothiazolyl, 
oxadiazolyl, triazolyl, thiadiazolyl, pyridaZinyl, 
pyrazinyl, triazinyl, indolyzinyl, isoindolyl, benzob 
furanyl, benzobthiophenyl, indazolyl, benzthiazolyl, 
benzimidazolyl, quinolinyl, isoquinolinyl, purinyl, 
quinolizinyl, cinnolinyl, pthalaninyl, quinoxalinyl, 
napthyridinyl, pteridinyl and quinazolinyl, wherein one 
or more hydrogen atoms of Said aryl group may be 
optionally and independently replaced with: 
(i) alkyl of 1 to 3 carbon atoms, 
(ii) -COOH, 
(iii) -SO,OH, 
(iv) –PO(OH), 
(v) a group of the formula -COOR", wherein R is 

straight or branched alkyl of 1 to 5 carbon atoms or 
cycloalkyl of 3 to 5 carbon atoms, 

(vi) a group of the formula-NR'R'', wherein R and 
R” are each, independently, a hydrogen atom, alkyl 
of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 carbon 
atoms or acyl of 1 to 7 carbon atoms, or wherein R 
and R' constitute a saturated hydrocarbon bridge of 
3 to 5 carbon atoms which together with the nitrogen 
atom between them form a heterocyclic ring, 

(vii) a group of the formula -CONR'R'', wherein 
R" and R' are each, independently, a hydrogen 
atom, alkyl of 1 to 6 carbon atoms or cycloalkyl of 
3 to 6 carbon atoms, or wherein R'' and R' con 
stitute a saturated hydrocarbon bridge of 3 to 5 
carbon atoms which together with the nitrogen atom 
between them form a heterocyclic ring, 

(viii) a group of the formula -OR', wherein R' is 
a hydrogen atom, or an alkyl or acyl group of 1 to 7 
carbon atoms, 

(ix) a group of the formula-SR'', wherein R' is a 
hydrogen atom, or an alkyl or acyl group of 1 to 7 
carbon atoms, 

(x) cyano, or 
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(xi) an amidino group of the formula 
8 

(i) R', which is aryl selected from the class con 
Sisting of phenyl, 2-naphthyl, 2-, 3-, 5- or 

R13 6-indolyl, 2- or 3-thiophenyl, 2-, 3- or 4-pyridyl, 
N1 2-, 4- or 5-pyrimidinyl, 2- or 3-furyl, 1-, 2- or 

5 3-pyrrolyl, 2-, 4- or 5-oxazolyl, 2-, 4- or 
-ÖR4 5-thiazolyl, 1-, 3-, 4- or 5-pyrazolyl, 3-, 4- or 

5-isoxazolyl, 1-, 2-, 4- or 5-midazolyl, 3-, 4- or 
R25 5-isothiazolyl, 4- or 5-oxadiazolyl, 1-, 4- or 

5-triazolyl, 2-thiadiazolyl, 3- or 4-pyridazinyl, 
wherein R', R'' and R' are each, independently, a 10 2-pyrazinyl, 2-triazinyl, 2-,-3,6- or 7-indolyzinyl, 

hydrogen atom or alkyl of 1 to 3 carbon atoms, 2-, 3-, 5- or 6-isoindolyl, 2-, 3-, 5. or 6-benzob 
and wherein two of R , R '' and R' may furanyl, 2-, 3-, 5- or 6-benzo[b]thiophenyl, 3-, 5 
additionally constitute a Saturated hydrocarbon or 6-indazolyl, 2-, 5- or 6-benzthiazolyl, 2-, 5- or 
bridge of 3 to 5 carbon atoms which together with 6-benzimidazolyl, 2-, 3-, 6- or 7-quinolinyl, 3-, 6 
the nitrogen atom(s) between them form a hetero- 15 or 7-isoquinolinyl, 2- or 8-purinyl, 2-, 3-, 7- or 
cyclic ring; 8-quinolizinyl, 3-, 6- or 7-cinnolinyl, 6- or 

R is: 7-pthalaninyl, 2-, 3-, 6- or 7-quinoxalinyl, 2-, 3-, 
(A) a hydrogen atom, or 6- or 7-napthyridinyl, 2-, 6- or 7-pteridinyl and 2-, 
(B) branched or unbranched alkyl of 1 to 3 carbon 6- or 7-quinazolinyl, wherein one or more of the 

atoms or cycloalkyl of 3 to 5 carbon atoms wherein 20 hydrogen atoms of Said aryl group may be option 
Said alkyl or cycloalkyl group may optionally be ally and independently replaced with: 
Substituted with: (a) branched or unbranched alkyl of 1 to 6 carbon 
(i) a group of the formula -OR", wherein R is a atoms or cycloalkyl of 3 to 6 carbon atoms, which 

hydrogen atom, or an alkyl or acyl group of 1 to alkyl or cycloakyl group may be mono- or 
7 carbon atoms, or 25 poly Substituted with halogen or OXO, 

(ii) a group of the formula-NRR, wherein R (b) -COOH, 
and Rare each, independently, a hydrogen atom, (c) -SO,OH, 
alkyl of 1 to 2 carbon atoms, or acyl of 1 to 2 (d) –PO(OH), 
carbon atoms, (e) a group of the formula -COOR", wherein R' 

R is a group of the formula (CR375 R3s)(CR39R0), 3O is straight or branched alkyl of 1 to 5 carbon atoms 
or cycloalkyl of 3 to 5 carbon atoms, 

(f) a group of the formula-NR'R'', wherein R' 
and R" are each, independently, a hydrogen atom, 
alkyl or fluoroalkyl of 1 to 6 carbon atoms, 
cycloalkyl of 3 to 6 carbon atoms or acyl of 1 to 
7 carbon atoms, or wherein R' and R' constitute 
a saturated hydrocarbon bridge of 3 to 5 carbon 
atoms which together with the nitrogen atom 
between them form a heterocyclic ring, 

(g) a group of the formula -CONR'R'', wherein 
R7 and R" are each independently a hydrogen 
atom, alkyl or fluoroalkyl of 1 to 6 carbon atoms 

R', wherein; 
X and y are each independently 0 or 1, 
R7, R and R are each, independently: 

(A) a hydrogen atom, 
(B) a group of the formula -OR", wherein R' is 35 

a hydrogen atom, or an alkyl or acyl group of 1 to 
7 carbon atoms, or 

(C) branched or unbranched alkyl of 1 to 3 carbon 
atoms or cycloalkyl of 3 to 5 carbon atoms, 

RO is: 40 
(A) a hydrogen atom, 
(B) a group of the formula -OR", wherein R" is a 

hydrogen atom, or an alkyl or acyl group of 1 to 7 
carbon atoms, 

or cycloalkyl of 3 to 6 carbon atoms, or wherein 
R" and R" constitute a saturated hydrocarbon 

(C) branched or unbranched alkyl of 1 to 3 carbon 45 bridge of 3 to 5 carbon atoms which together with 
atoms or cycloalkyl of 3 to 5 carbon atoms, or the nitrogen atom between them form a heterocy 

(D) aryl which is selected from the class consisting of clic ring, 49 : 49 : 
phenyl, 2-naphthyl, 2-, 3-, 5- or 6-indolyl, 2- or (h) a group of the formula -OR', wherein R' is a 
3-thiophenyl, 2-, 3- or 4-pyridyl, 2-, 4- or hydrogen atom, or an alkyl, fluoroalkyl or acyl 
5-pyrimidinyl, 2- or 3-furyl, 1-, 2- or 3-pyrrolyl, 2-, 50 group of 1 to 7 carbon atoms, 5O : 
4- or 5-oxazolyl, 2-, 4- or 5-thiazolyl, 1-, 3-, 4- or (i) a group of the formula - SR", wherein R is a 
5-pyrazolyl, 3-, 4- or 5-isoxazolyl, 1-, 2-, 4- or hydrogen atom, or an alkyl, fluoroalkyl or acyl 
5-imidazolyl, 3-, 4- or 5-isothiazolyl, 4- or group of 1 to 7 carbon atoms, 
5-oxadiazolyl, 1-, 4- or 5-triazolyl, 2-thiadiazolyl, 3- (j) cyano, 
or 4-pyridaZinyl, 2-pyrazinyl, 2-triazinyl, 2-, -3,6-or 55 (k) nitro, 
7-indolyzinyl, 2-, 3-, 5- or 6-isoindolyl, 2-, 3-, 5- or (l) an amidino group of the formula 
6-benzobfuranyl, 2-, 3-, 5- or 6-benzob 
thiophenyl, 3-, 5- or 6-indazolyl, 2-, 5- or R 
6-benzthiazolyl, 2-, 5- or 6-benzimidazolyl, 2-, 3-, 6- h 
or 7-quinolinyl, 3-, 6- or 7-isoquinolinyl, 2- or 60 - C R52 
8-purinyl, 2-, 3-, 7- or 8-quinolizinyl, 3-, 6- or nN.1 
7-cinnolinyl, 6- or 7-pthalaninyl, 2-, 3-, 6- or ls 

R 7-quinoxalinyl, 2-, 3-, 6- or 7-napthyridinyl, 2-, 6- or 
7-pteridinyl and 2-, 6- or 7-quinazolinyl, 

wherein one or more of the hydrogen atoms of said aryl 65 wherein R, R and Rare each, independently, a hydro 
group may be optionally and independently replaced gen atom or alkyl of 1 to 3 carbon atoms, and wherein two 
with: of R, R and R may additionally constitute a saturated 
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hydrocarbon bridge of 3 to 5 carbon atoms which together (A) R', which is aryl selected from the class consisting 
with the nitrogen atom(s) between them form a heterocyclic of phenyl, 2-naphthyl, 2-, 3-, 5- or 6-indolyl, 2- or 
ring, or 3-thiophenyl, 2-, 3- or 4-pyridyl, 2-, 4- or 

(m) halogen, 

group may be optionally and independently replaced 
with: 

5-pyrimidinyl, 2- or 3-furyl, 1-, 2- or 3-pyrrolyl, 2-, 4 
(ii) methyl, which may be mono- or poly Substituted 5 or 5-oxazolyl, 2-, 4- or 5-thiazolyl, 1-, 3-, 4- or 

with fluorine atoms and additionally may be mono- 5-pyrazolyl, 3-, 4- or 5-isoxazolyl, 1-, 2-, 4- or 
substituted with R', 5-imidazolyl, 3-, 4- or 5-isothiazolyl, 4- or 

(iii) branched or unbranched alkyl of 2 to 6 carbon 5-oxadiazolyl, 1-, 4- or 5-triazolyl, 2-thiadiazolyl, 3- or 
atoms or cycloalkyl of 3 to 6 carbon atoms, which 4-pyridaZinyl, 2-pyrazinyl, 2-triazinyl, 2-, -3, 6- or 
alkyl or cycloakyl group may be mono- or poly Sub- 10 7-indolyzinyl, 2-, 3-, 5- or 6-isoindolyl, 2-, 3-, 5- or 
Stituted with halogen or OXO, 6-benzobfuranyl, 2-, 3-, 5- or 6-benzobthiophenyl, 

(iv) a group of the formula -COOR, wherein R is 3-, 5- or 6-indazolyl, 2-, 5- or 6-benzthiazolyl, 2-, 5- or 
straight or branched alkyl of 1 to 5 carbon atoms or 6-benzimidazolyl, 2-, 3-, 6- or 7-quinolinyl, 3-, 6- or 
cycloalkyl of 3 to 5 carbon atoms, 7-isoquinolinyl, 2- or 8-purinyl, 2-, 3-, 7- or 

(v) a group of the formula-NR'R'', wherein Rand 15 8-quinolizinyl, 3-, 6- or 7-cinnolinyl, 6- or 
Rare each, independently, a hydrogen atom, alkyl 7-pthalaninyl, 2-, 3-, 6- or 7-quinoxalinyl, 2-, 3-, 6- or 
or fluoroalkyl of 1 to 6 carbon atoms, cycloalkyl of 7-napthyridinyl, 2-, 6- or 7-pteridinyl and 2-, 6- or 
3 to 6 carbon atoms or acyl of 1 to 7 carbon atoms, 7-quinazolinyl, 
or wherein R and R constitute a saturated hydro- wherein one or more of the hydrogen atoms of Said aryl 
carbon bridge of 3 to 5 carbon atoms which together 20 group may be optionally and independently replaced 
with the nitrogen atom between them form a hetero- with: 
cyclic ring, and wherein one of R and R may (i) branched or unbranched alkyl of 1 to 6 carbon 
additionally be the group R', atoms or cycloalkyl of 3 to 6 carbon atoms, which 

(vi) a group of the formula-CONR'R'', wherein R7 alkyl or cycloakyl group may be mono- or 
and R are each, independently, a hydrogen atom, 25 poly Substituted with halogen or OXO, 
alkyl or fluoroalkyl of 1 to 6 carbon atoms or (ii) -COOH, 
cycloalkyl of 3 to 6 carbon atoms, or wherein R' (iii) -SO,OH, 
and R constitute a saturated hydrocarbon bridge of (iv) –PO(OH), 
3 to 5 carbon atoms which together with the nitrogen (v) a group of the formula -COOR, wherein R 
atom between them form a heterocyclic ring, and 30 is straight or branched alkyl of 1 to 5 carbon atoms 
wherein one of R7 and R may additionally be the or cycloalkyl of 3 to 5 carbon atoms, 
group R', (vi) a group of the formula-NR'R'', wherein R' 

(vii) a group of the formula -COR', wherein R is and Rare each, independently, a hydrogen atom, 
a hydrogen atom, Straight or branched alkyl of 1 to alkyl or fluoroalkyl of 1 to 6 carbon atoms, 
5 carbon atoms, cycloalkyl of 3 to 5 carbon atoms or 35 cycloalkyl of 3 to 6 carbon atoms or acyl of 1 to 
R43, 7 carbon atoms, or wherein R'' and R' constitute 

(viii) a group of the formula -OR', wherein R is a a saturated hydrocarbon bridge of 3 to 5 carbon 
hydrogen atom, an alkyl, fluoroalkyl or acyl group of atoms which together with the nitrogen atom 
1 to 7 carbon atoms, or R', between them form a heterocyclic ring, 

(ix) a group of the formula - SR", wherein R is a 40 (vii) a group of the formula-CONR'R'', wherein 
hydrogen atom, an alkyl, fluoroalkyl or acyl group of R and R7 are each, independently, a hydrogen 
1 to 7 carbon atoms, or R', atom, alkyl or fluoroalkyl of 1 to 6 carbon atoms 

(X) cyano, or cycloalkyl of 3 to 6 carbon atoms, or wherein 
(xi) nitro, or R and R7 constitute a saturated hydrocarbon 
(xii) halogen, 45 bridge of 3 to 5 carbon atoms which together with 

R is: the nitrogen atom between them form a heterocy 
aryl Selected from the class consisting of phenyl, clic ring, 

2-naphthyl, 2-, 3-, 5- or 6-indolyl, 2- or 3-thiophenyl, (viii) a group of the formula -OR, wherein R is 
2-, 3- or 4-pyridyl, 2-, 4- or 5-pyrimidinyl, 2- or a hydrogen atom, or an alkyl, fluoroalkyl or acyl 
3-furyl, 1-, 2- or 3-pyrrolyl, 2-, 4- or 5-oxazolyl, 2-, 50 group of 1 to 7 carbon atoms, 
4- or 5-thiazolyl, 1-, 3-, 4- or 5-pyrazolyl, 3-, 4- or (ix) a group of the formula -SR', wherein R' is 
5-isoxazolyl, 1-, 2-, 4- or 5-imidazolyl, 3-, 4- or a hydrogen atom, or an alkyl, fluoroalkyl or acyl 
5-isothiazolyl, 4- or 5-oxadiazolyl, 1-, 4- or group of 1 to 7 carbon atoms, 
5-triazolyl, 2-thiadiazolyl, 3- or 4-pyridaZinyl, (X) cyano, 
2-pyrazinyl, 2-triazinyl, 2-, -3, 6- or 7-indolyzinyl, 55 (xi) nitro, or 
2-, 3-, 5- or 6-isoindolyl, 2-, 3-, 5- or 6-benzob (xii) an amidino group of the formula 
faranyl, 2-, 3-, 5- or 6-benzobthiophenyl, 3-, 5- or 
6-indazolyl, 2-, 5- or 6-benzthiazolyl, 2-, 5- or R" 
6-benzimidazolyl, 2-, 3-, 6- or 7-quinolinyl, 3-, 6- or h 
7-isoquinolinyl, 2- or 8-purinyl, 2-, 3-, 7- or 60 - C R70 
8-quinolizinyl, 3-, 6- or 7-cinnolinyl, 6- or NN1 
7-pthalaninyl, 2-, 3-, 6- or 7-quinoxalinyl, 2-, 3-, 6 
or 7-napthyridinyl, 2-, 6- or 7-pteridinyl and 2-, 6- or R72 
7-quinazolinyl, 

wherein one or more of the hydrogen atoms of Said aryl 65 wherein R', R'' and R' are each, independently, a 
hydrogen atom or alkyl or fluoroalkyl of 1 to 3 
carbon atoms, and wherein two of R", R'' and 
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R’ may additionally constitute a saturated hydro 
carbon bridge of 3 to 5 carbon atoms which 
together with the nitrogen atom(s) between them 
form a heterocyclic ring, or 

(xiii) halogen, 
(B) methyl, which may be mono- or polysubstituted 

with fluorine atoms and additionally may be mono 
substituted with R', 

(C) branched or unbranched alkyl of 2 to 6 carbon 
atoms or cycloalkyl of 3 to 6 carbon atoms, which 
alkyl or cycloakyl group may be mono- or poly Sub 
Stituted with halogen or OXO, 

(D) a group of the formula -COOR7, wherein R’ is 
straight or branched alkyl of 1 to 5 carbon atoms or 
cycloalkyl of 3 to 5 carbon atoms, 

(E) a group of the formula -NR'R'', wherein R' 
and R' are each, independently, a hydrogen atom, 
alkyl or fluoroalkyl of 1 to 6 carbon atoms, 
cycloalkyl of 3 to 6 carbon atoms or acyl of 1 to 7 
carbon atoms, or wherein R'' and R' constitute a 
saturated hydrocarbon bridge of 3 to 5 carbon atoms 
which together with the nitrogen atom between them 
form a heterocyclic ring, and wherein one of R'' and 
R7 may additionally be the group R, 

(F) a group of the formula-CONR7R77, wherein R7 
and R'' are each, independently, a hydrogen atom, 
alkyl or fluoroallyl of 1 to 6 carbon atoms or 
cycloalkyl of 3 to 6 carbon atoms, or wherein R' 
and R77 constitute a saturated hydrocarbon bridge of 
3 to 5 carbon atoms which together with the nitrogen 
atom between them form a heterocyclic ring, and 
wherein one of R7 and R77 may additionally be the 
group R', 

(G) a group of the formula -COR", wherein R is a 
hydrogen atom, Straight or branched alkyl of 1 to 5 
carbon atoms, cycloalkyl of 3 to 5 carbon atoms or 
R02, 

(H) a group of the formula -OR', wherein R' is a 
hydrogen atom, an alkyl, fluoroalkyl or acyl group of 
1 to 7 carbon atoms, or R', 

(I) a group of the formula - SR", wherein R is a 
hydrogen atom, an alkyl, fluoroalkyl or acyl group of 
1 to 7 carbon atoms, or R', 

(J) cyano, 
(K) nitro, or 
(L) halogen; 

R" is C1 or trifluoromethyl; and, R and R are each, 
independently, a hydrogen, fluorine, chlorine, bromine 
or iodine atom, methyl or trifluoromethyl; 

or a pharmaceutically acceptable Salt thereof. 

AS mentioned before, Some of the compounds embraced 
by the above-described genus are known and have been 
described in U.S. Pat. No. 3,668,217; U.S. Pat. No. 4,944, 
791; U.S. Pat. No. 3,741,981; Li, W.-Y; et al., J. Pharm. Sci. 
1984, 73, 553–558 and, Abd El Halim, M. S.; et al., 
Monatshefte fur Chemie, 1994, 125, 1437–1442. 

In its Second aspect, the invention comprises novel com 
pounds of the formula I 

15 

25 

35 

40 

45 

50 

55 

60 

65 

wherein X, Y, Z, R,R,R, R and Rare defined as above 
except that, in the moiety R, at least one of the hydrogen 
atoms of the aryl group R' is necessarily, rather than 
optionally, replaced by: 

(A) R', which is aryl selected from the class consisting 
of phenyl, 2-naphthyl, 2-, 3-, 5- or 6-indolyl, 2- or 
3-thiophenyl, 2-, 3- or 4-pyridyl, 2-, 4- or 
5-pyrimidinyl, 2- or 3-furyl, 1-, 2- or 3-pyrrolyl, 2-, 4 
or 5-oxazolyl, 2-, 4- or 5-thiazolyl, 1-, 3-, 4- or 
5-pyrazolyl, 3-, 4- or 5-isoxazolyl, 1-, 2-, 4- or 
5-imidazolyl, 3-, 4- or 5-isothiazolyl, 4- or 
5-oxadiazolyl, 1-, 4- or 5-triazolyl, 2-thiadiazolyl, 3- or 
4-pyridaZinyl, 2-pyrazinyl, 2-triazinyl, 2-, -3, 6- or 
7-indolyzinyl, 2-, 3-, 5- or 6-isoindolyl, 2-, 3-, 5- or 
6-benzobfuranyl, 2-, 3-, 5- or 6-benzobthiophenyl, 
3-, 5- or 6-indazolyl, 2-, 5- or 6-benzthiazolyl, 2-, 5- or 
6-benzimidazolyl, 2-, 3-, 6- or 7-quinolinyl, 3-, 6- or 
7-isoquinolinyl, 2- or 8-purinyl, 2-, 3-, 7- or 
8-quinolizinyl, 3-, 6- or 7-cinnolinyl, 6- or 
7-pthalaninyl, 2-, 3-, 6- or 7-quinoxalinyl, 2-, 3-, 6- or 
7-napthyridinyl, 2-, 6- or 7-pteridinyl or 2-, 6- and 
7-quinazolinyl, 
wherein one or more of the hydrogen atoms of Said aryl 

group may be optionally and independently replaced 
with: 
(i) branched or unbranched alkyl of 1 to 6 carbon 

atoms or cycloalkyl of 3 to 6 carbon atoms, which 
alkyl or cycloakyl group may be mono- or 
poly Substituted with halogen or OXO, 

(ii) -COOH, 
(iii) -SO2OH, 
(iv) –PO(OH), 
(v) a group of the formula COOR, wherein R is 

straight or branched alkyl of 1 to 5 carbon atoms 
or cycloalkyl of 3 to 5 carbon atoms, 

(vi) a group of the formula-NR'R'', wherein R' 
and Rare each, independently, a hydrogen atom, 
alkyl or fluoroalkyl of 1 to 6 carbon atoms, 
cycloalkyl of 3 to 6 carbon atoms or acyl of 1 to 
7 carbon atoms, or wherein R'' and R' constitute 
a saturated hydrocarbon bridge of 3 to 5 carbon 
atoms which together with the nitrogen atom 
between them form a heterocyclic ring, 

(vii) a group of the formula-CONR'R'', wherein 
R'' and R'' are each, independently, a hydrogen 
atom, alkyl or fluoroalkyl of 1 to 6 carbon atoms 
or cycloalkyl of 3 to 6 carbon atoms, or wherein 
R'' and R' constitute a saturated hydrocarbon 
bridge of 3 to 5 carbon atoms which together with 
the nitrogen atom between them form a heterocy 
clic ring, 

(viii) a group of the formula -OR, wherein R is 
a hydrogen atom, or an alkyl, fluoroalkyl or acyl 
group of 1 to 7 carbon atoms, 

(ix) a group of the formula -SR', wherein R' is 
a hydrogen atom, or an alkyl, fluoroalkyl or acyl 
group of 1 to 7 carbon atoms, 

(X) cyano, 



US RE38,132 E 
13 

(xi) nitro, 
(xii) an amidino group of the formula 

wherein R', R7 and R' are each, independently, a 
hydrogen atom or alkyl or fluoroalkyl of 1 to 3 
carbon atoms, and wherein two of R', R7 and 
R’ may additionally constitute a saturated hydro 
carbon bridge of 3 to 5 carbon atoms which 
together with the nitrogen atom(s) between them 
form a heterocyclic ring, or 

(xiii) halogen, 
(B) methyl, which may be mono- or polysubstituted with 

fluorine atoms and additionally may be monoSubsti 
tuted with R', 

(C) branched or unbranched alkyl of 2 to 6 carbon atoms 
or cycloalkyl of 3 to 6 carbon atoms, which alkyl or 
cycloakyl group may be mono- or poly Substituted with 
halogen or OXO, 

(D) a group of the formula -COOR", wherein R' is 
straight or branched alkyl of 1 to 5 carbon atoms or 
cycloalkyl of 3 to 5 carbon atoms, 

(E) a group of the formula-NR'R'', wherein R'' and 
R" are each, independently, a hydrogen atom, alkyl or 
fluoroalkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 
carbon atoms or acyl of 1 to 7 carbon atoms, or wherein 
R'' and R' constitute a saturated hydrocarbon bridge 
of 3 to 5 carbon atoms which together with the nitrogen 
atom between them form a heterocyclic ring, and 
wherein one of R'' and R' may additionally be the 
group R', 

(F) a group of the formula –CONR7 R77, wherein R7 
and R'' are each, independently, a hydrogen atom, 
alkyl or fluoroalkyl of 1 to 6 carbon atoms or cycloalkyl 
of 3 to 6 carbon atoms, or wherein R'' and R' 
constitute a saturated hydrocarbon bridge of 3 to 5 
carbon atoms which together with the nitrogen atom 
between them form a heterocyclic ring, and wherein 
one of R'' and R' may additionally be the group R, 

(G) a group of the formula -COR", wherein R is a 
hydrogen atom, Straight or branched alkyl of 1 to 5 
carbon atoms, cycloalkyl of 3 to 5 carbon atoms or R', 

(H) a group of the formula -OR', wherein R' is a 
hydrogen atom, an alkyl fluoroalkyl or acyl group of 1 
to 7 carbon atoms, or R', 

(I) a group of the formula - SR", wherein R is a 
hydrogen atom, an alkyl, fluoroalkyl or acyl group of 1 
to 7 carbon atoms, or R', 

(J) cyano, 
(K) nitro, or 
(L) halogen; 

or pharmaceutically acceptable Salts thereof. 
Preferred novel compounds of formula I are those 

wherein: 
Y is an oxygen or Sulfur atom; 
Z is an oxygen or Sulfur atom; 
X is a divalent group of the formula <CHR', <NR', 

<CHSOR", or <NSOR", or an oxygen or sulfur atom, 
wherein R' is: 

1O 

15 

25 

35 

40 

45 

50 

55 

60 
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(A) a hydrogen atom, 
(B) branched or unbranched alkyl of 1 to 6 carbon atoms 

or cycloalkyl of 3 to 6 carbon atoms, which alkyl or 
cycloakyl group may be monoSubstituted with: 
(i) halogen, 
(ii) oxo, 
(iii) aryl Selected from the class consisting of phenyl, 

naphthyl, indolyl, thiophenyl, pyridyl, pyrimidinyl, 
furyl, pyrrolyl, oxazolyl, thiazolyl, pyrazolyl, 
isoxazolyl, imidazolyl, isothiazolyl, oxadiazolyl, 
triazolyl, thiadiazolyl, pyridaZinyl, pyrazinyl, 
triazinyl, indolyzinyl, isoindolyl, benzobfuranyl, 
benzobthiophenyl, indazolyl, benzthiazolyl, 
benzimidazolyl, quinolinyl, isoquinolinyl, purinyl, 
quinolizinyl, cinnolinyl, pthalaninyl, quinoxalinyl, 
napthyridinyl, pteridinyl and quinazolinyl, 

wherein one or more hydrogen atoms of Said aryl group 
may be optionally and independently replaced with: 
(a) alkyl of 1 to 3 carbon atoms, 
(b) -COOH, 
(c) -SO,OH, 
(d) –PO(OH), 
(e) a group of the formula -COOR", wherein R is 

straight or branched alkyl of 1 to 5 carbon atoms 
or cycloalkyl of 3 to 5 carbon atoms, 

(f) a group of the formula-NRR, wherein R and 
R” are each, independently, a hydrogen atom, 
alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 
carbon atoms or acyl of 1 to 7 carbon atoms, or 
wherein R and R' constitute a saturated hydro 
carbon bridge of 3 to 5 carbon atoms which 
together with the nitrogen atom between them 
form a heterocyclic ring, 

(g) a group of the formula -CONR'R'', wherein 
R'' and R'' are each, independently, a hydrogen 
atom, alkyl of 1 to 6 carbon atoms or cycloalkyl of 
3 to 6 carbon atoms, or wherein R'' and R' 
constitute a saturated hydrocarbon bridge of 3 to 5 
carbon atoms which together with the nitrogen 
atom between them form a heterocyclic ring, 

(h) a group of the formula -OR'", wherein R'" is 
a hydrogen atom, or an alkyl or acyl group of 1 to 
7 carbon atoms, 

(i) a group of the formula-SR'', wherein R' is 
a hydrogen atom, or an alkyl or acyl group of 1 to 
7 carbon atoms, 

(i) cyano, or 
(k) an amidino group of the formula 

wherein R', R'' and R' are each, independently, a hydro 
gen atom or alkyl of 1 to 3 carbon atoms and wherein two 
of R', R'' and R' may additionally constitute a saturated 
hydrocarbon bridge of 3 to 5 carbon atoms which together 
with 
ring, 

the nitrogen atom(s) between them form a heterocyclic 

(iv) a group of the formula -COOR', wherein R' 
is straight or branched alkyl of 1 to 7 carbon atoms 
or cycloalkyl of 3 to 6 carbon atoms, 

(v) cyano, 
(vi) a group of the formula -CONR'R'', wherein 

R'' and R' are each, independently, a hydrogen 
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atom, alkyl of 1 to 6 carbon atoms or cycloalkyl of (G) an guanidino group of the formula 
3 to 6 carbon atoms, or wherein R'' and R' 
constitute a saturated hydrocarbon bridge of 3 to 5 30 1 R31 
carbon atoms which together with the nitrogen 
atom between them form a heterocyclic ring, 5 -(CH3); N-Cl 

(vii) a group of the formula -OR', wherein R' is 
a hydrogen atom, or an alkyl or acyl group of 1 to R33 
7 carbon atoms, 

whereins is 2, 3, 4, 5 or 6, and R, R, R- and R' 
are each independently a hydrogen atom or alkyl of 
1 to 3 carbon atoms and wherein two of R,R, R 
and R may additionally constitute a saturated 
hydrocarbon bridge of 3 to 5 carbon atoms which 
together with the nitrogen atom(s) between them 
form a heterocyclic ring, or 

(viii) a group of the formula-SR', wherein R' is 10 
a hydrogen atom, or an alkyl or acyl group of 1 to 
7 carbon atoms, 

ix) a group of the formula-NR'R'', wherein R' group 
and R’ are each, independently: 15 

(a) a hydrogen atom, 
(b) alkyl or acyl of 1 to 7 carbon atoms or cycloalkyl 

of 3 to 7 carbon atoms, 
(c) a group of the formula (CH2)COOH, wherein 20 
m is 0, 1 or 2, or 

(d) a group of the formula -(CH), COOR’, 
wherein n is 0, 1 or 2, wherein R is straight or 
branched alkyl of 1 to 6 carbon atoms, or wherein 
R° and R' constitute a saturated hydrocarbon 
bridge of 3 to 5 carbon atoms which together with 
the nitrogen atom between them form a heterocy 
clic ring, or 

(H) piperidyl, wherein the nitrogen atom of Said group is 
optionally substituted with: 
(i) alkyl of 1 to 3 carbon atoms, 
ii) a carboxylic ester group of 2 to 7 carbon atoms, y group 
iii) a carboxylic acid group of 2 to 5 carbon atoms, y group 
iv) a phosphonic acid group of 1 to 6 carbon atoms, or pnOSp group 
V) a Sulfonic acid group of 1 to 6 carbon atoms, group 

R’ is: 
(A) a hydrogen atom, or 
(B) methyl; 

R is a group of the formula -CHR", wherein: 
R'' is: 

25 

(X) a quaternary group of the formula 3O aryl selected from the class consisting of phenyl, 
2-naphthyl, 2-, 3-, 5- or 6-indolyl, 2- or 3-thiophenyl, 

R24 2-, 3- or 4-pyridyl, 2-, 4- or 5-pyrimidinyl, 2- or 
3-furyl, 1-, 2- or 3-pyrrolyl, 2-, 4- or 5-oxazolyl, 2-, 

N-R25 Q 4- or 5-thiazolyl, 1-, 3-, 4- or 5-pyrazolyl, 3-, 4- or 
k 35 5-isoxazolyl, 1-, 2-, 4- or 5-imidazolyl, 3-, 4- or 

5-isothiazolyl, 4- or 5-oxadiazolyl, 1-, 4- or 
5-triazolyl, 2-thiadiazolyl, 3- or 4-pyridaZinyl, 
2-pyrazinyl, 2-triazinyl, 2-, -3, 6- or 7-indolyzinyl, 
2-, 3-, 5- or 6-isoindolyl, 2-, 3-, 5- or 6-benzob 

40 furanyl, 2-, 3-, 5- or 6-benzobthiophenyl, 3-, 5- or 
6-indazolyl, 2-, 5- or 6-benzthiazolyl, 2-, 5- or 
6-benzimidazolyl, 2-, 3-, 6- or 7-quinolinyl, 3-, 6- or 
7-isoquinolinyl, 2- or 8-purinyl, 2-, 3-, 7- or 
8-quinolizinyl, 3-, 6- or 7-cinnolinyl, 6- or 

45 7-pthalaninyl, 2, 3-, 6- or 7-quinoxalinyl, 2-, 3-, 6 
or 7-napthyridinyl, 2-, 6- or 7-pteridinyl and 2-, 6- or 
7-quinazolinyl, 

wherein R, R and Rare each, independently, a 
branched or unbranched alkyl group of 1 to 7 
carbon atoms and Q is a chlorine, bromine or 
iodine counterion, 

(C) a branched or unbranched carboxylic acid group of 3 
to 6 carbon atoms, 

(D) a branched or unbranched phosphonic acid group of 
2 to 6 carbon atoms, 

wherein one or more of the hydrogen atoms of Said aryl 
group are necessarily and independently replaced with: 

50 (A) R', which is aryl selected from the class consisting 
of phenyl, 2-naphthyl, 2-, 3-, 5- or 6-indolyl, 2- or 
3-thiophenyl, 2-, 3- or 4-pyridyl, 2-, 4- or 

Y 5-pyrimidinyl, 2- or 3-furyl, 1-, 2- or 3-pyrrolyl, 2-, 
| 4- or 5-oxoazolyl, 2-, 4- or 5-thiazolyl, 1-, 3-, 4- or 

(E) a branched or unbranched Sulfonic acid group of 2 to 
6 carbon atoms, 

(F) an amidino group of the formula 

-(CH2) -di R8 55 5-pyrazolyl, 3-, 4- or 5-isoxazolyl, 1-, 2-, 4- or 
N 5-imidazolyl, 3-, 4- or 5-isothiazolyl, 4- or 
le 5-oxadiazolyl, 1-, 4- or 5-triazolyl, 2-thiadiazolyl, 3 

or 4-pyridaZinyl, 2-pyrazinyl, 2-triazinyl, 2-, -3, 6- or 
7-indolyzinyl, 2-, 3-, 5- or 6-isoindolyl, 2-, 3-, 5- or 

wherein r is 2, 3, 4, 5 or 6, and 60 6-benzob furanyl, 2-, 3-, 5- or 6-benzob 
thiophenyl, 3-, 5- or 6-indazolyl, 2-, 5- or 27 23 29 

R", R and R are each, independently, a hydrogen 6-benzthiazolyl, 2-, 5- or 6-benzimidazolyl, 2-, 3-, 6 
atom or alkyl of 1 to 3 carbon atoms and wherein two 
of R7, R and R' may additionally constitute a 
saturated hydrocarbon bridge of 3 to 5 carbon atoms 
which together with the nitrogen atom(s) between 
them form a heterocyclic ring, 

65 

or 7-quinolinyl, 3-, 6- or 7-isoquinolinyl, 2- or 
8-purinyl, 2-, 3-, 7- or 8-quinolizinyl, 3-, 6- or 
7-cinnolinyl, 6- or 7-phthalaninyl, 2-, 3-, 6- or 
7-quinoxalinyl, 2-, 3-, 6- or 7-naphthyridinyl, 2-, 6 
or 7-pteridinyl and 2-, 6- or 7-quinazolinyl, 
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wherein one or more of the hydrogen atoms of Said 
aryl group may be optionally and independently 
replaced with: 
(i) branched or unbranched alkyl of 1 to 6 carbon 

atoms or cycloalkyl of 3 to 6 carbon atoms, which 
alkyl or cycloalkyl group may be mono- or 
polySubstituted with halogen or OXO, 

(ii) -COOH, 
(iii) -SO,OH, 
(iv) –PO(OH), 
(v) a group of the formula -COOR, wherein R 

is straight or branched alkyl of 1 to 5 carbon atoms 
or cycloalkyl of 3 to 5 carbon atoms, 

(vi) a group of the formula-NR'R'', wherein R' 
and Rare each, independently, a hydrogen atom, 
alkyl or fluooralkyl of 1 to 6 carbon atoms, 
cycloalkyl of 3 to 6 carbn atoms or acyl of 1 to 7 
carbon atoms, or wherein R and R' constitute a 
Saturated hydrocarbon bridge of 3 to 5 carbon 
atoms which together with the nitrogen atom 
between them form a heterocyclic ring, 

(vii) a group of the formula-CONR'R'', wherein 
R'' and R'' are each, independently, a hydrogen 
atom, alkyl or fluoroalkyl of 1 to 6 carbon atoms 
or cycloalkyl of 3 to 6 carbon atoms, or wherein 
R'' and R' constitute a saturated hydrocarbon 
bridge of 3 to 5 carbon atoms which together with 
the nitrogen atom between them form a heterocy 
clic ring, 

(viii) a group of the formula -OR, wherein R is 
a hydrogen atom, or an alkyl, fluoroalkyl or acyl 
group of 1 to 7 carbon atoms, 

(ix) a group of the formula -SR', wherein R' is 
a hydrogen atom, or an alkyl, fluoroalkyl or acyl 
group of 1 to 7 carbon atoms, 

(X) cyano, 
(xi) nitro, 
(xii) an amidino group of the formula 

wherein R", R'' and R' are each, independently, 
a hydrogen atom or alkyl or fluoroalkyl of 1 to 3 
carbon atoms, and wherein two of R', R'' and 
R’ may additionally constitute a saturated hydro 
carbon bridge of 3 to 5 carbon atoms which 
together with the nitrogen atom(s) between them 
form a heterocyclic ring, or 

(xiii) halogen, 
(B) methyl, which may be mono- or polysubstituted 

with fluorine atoms and additionally may be mono 
substituted with R', 

(C) branched or unbranched alkyl of 2 to 6 carbon 
atoms or cycloalkyl of 3 to 6 carbon atoms, which 
alkyl or cycloalkyl group may be mono- or poly Sub 
Stituted with halogen or OXO, 

(D) a group of the formula -COOR7, wherein R’ is 
straight or branched alkyl of 1 to 5 carbon atoms or 
cycloalkyl of 3 to 5 carbon atoms, 

(E) a group of the formula -NR'R'', wherein R' 
and R' are each, independently, a hydrogen atom, 
alkyl or fluoroalkyl of 1 to 6 carbon atoms, 
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cycloalkyl of 3 to 6 carbon atoms or acyl of 1 to 7 
carbon atoms, or wherein R'' and R' constitute a 
saturated hydrocarbon bridge of 3 to 5 carbon atoms 
which together with the nitrogen atom between them 
form a heterocyclic ring, and wherein one of R7 and 
R" may additionally be the group, R, 

(F) a group of the formula-CONR'R'', wherein R7 
and R'' are each, independently, a hydrogen atom, 
alkyl or fluoroalkyl of 1 to 6 carbon atoms or 
cycloalkyl of 3 to 6 carbon atoms, or wherein R' 
and R77 constitute a saturated hydrocarbon bridge of 
3 to 5 carbon atoms which together with the nitrogen 
atom between them form a heterocyclic ring, and 
wherein one of R7 and R77 may additionally be the 
group R, 

(G) a group of the formula -COR", wherein R is a 
hydrogen atom, Straight or branched alkyl of 1 to 5 
carbon atoms, cycloalkyl of 3 to 5 carbon atoms or 
R2, 

(H) a group of the formula -OR', wherein R' is a 
hydrogen atom, an alkyl, fluoroalkyl or acyl group of 
1 to 7 carbon atoms, or R', 

(I) a group of the formula -SR, wherein R is a 
hydrogen atom, an alkyl, fluoroalkyl or acyl group of 
1 to 7 carbon atoms, or R', 

(J) cyano, 
(K) nitro, or 
(L) halogen; 

R" is C1 or trifluoromethyl; and 
R and R are each independently a hydrogen, fluorine, 

chlorine, bromine or iodine atom, methyl or trifluo 
romethyl; 

or a pharmaceutically acceptable Salt thereof. 
More preferred are those novel compounds of formula I 

wherein: 

Y is an oxygen atom; 
Z is an oxygen atom; 
X is a divalent group of the formula >CHR' or >NR', 

wherein R is: 
(A) a hydrogen atom, 
(B) branched or unbranched alkyl of 1 to 6 carbon 

atoms or cycloalkyl of 3 to 6 carbon atoms, which 
alkyl or cycloalkyl group may be monoSubstituted 
with: 
(i) oxo, 
(ii) aryl Selected from the class consisting of phenyl, 

thiophenyl, pyridyl, pyrimidinyl, furyl, pyrrolyl, 
oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, 
imidazolyl, isothiazolyl, oxadiazolyl, triazolyl, 
thiadiazolyl, pyridaZinyl, pyrazinyl and triazinyl, 
wherein one or more hydrogen atoms of Said aryl 
group may be optionally and independently 
replaced with: 
(a) alkyl of 1 to 3 carbon atoms, 
(b) -COOH, 
(c) -SO,OH, 
(d) –PO(OH), 
(e) a group of the formula -COOR", wherein 
R" is straight or branched alkyl of 1 to 5 carbon 
atoms or cycloalkyl of 3 to 5 carbon atoms, 
(f) a group of the formula -NH2, 
(g) a group of the formula -CONH2, 
(h) a group of the formula -OR', wherein 
R'" is a hydrogen atom or a methyl, 
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(i) an amidino group of the formula 

wherein R', R'' and R' are each hydrogen 
atOmS, 

(j) a group of the formula -COOR', wherein R' 
is straight or branched alkyl of 1 to 7 carbon atoms 
or cycloalkyl of 3 to 6 carbon atoms, 

(k) a group of the formula -OR', wherein R' is a 
hydrogen atom, or an alkyl or acyl group of 1 to 
7 carbon atoms, or 

(l) a quaternary group of the formula 

R24 

N-R25 O. 

R26 

wherein R', R’ and Rare each methyl and Q 
is a chlorine, bromine or iodine counterion, 

(C) a branched or unbranched carboxylic acid group of 
3 to 6 carbon atoms, 

(D) a branched or unbranched phosphonic acid group 
of 2 to 6 carbon atoms, 

(E) a branched or unbranched Sulfonic acid group of 2 
to 6 carbon atoms, 

(F) an amidino group of the formula 

R29 

wherein r is 2, 3, 4, 5 or 6, and R7, Rand R' are 
each hydrogen atoms, 

(G) an guanidino group of the formula 

31 

R30 - 

-(CH2): N-Cl R 
N 

l 
whereins is 2,3,4, 5 or 6, R, R, R and Rare 
each hydrogen atoms, or 

(H) piperidyl, wherein the nitrogen atom of Said group 
is optionally substituted with: 
(i) alkyl of 1 to 3 carbon atoms, 
(ii) a carboxylic ester group of 2 to 7 carbon atoms, 
(iii) a carboxylic acid group of 2 to 5 carbon atoms, 
(iv) a phosphonic acid group of 1 to 6 carbon atoms, 
O 

V) a Sulfonic acid group of 1 to 6 carbon atoms, group 
R is: 

(A) a hydrogen atom, or 
(B) methyl; 

R is a group of the formula -CHR", wherein 
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R'' is 

aryl Selected from the class consisting of phenyl, 
thiophenyl, pyridyl, pyrimidinyl, furyl, pyrrolyl, 
Oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, imidazolyl, 
isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, 
pyridazinyl, pyrazinyl and triazinyl, wherein one or 
more of the hydrogen atoms of Said aryl group are 
necessarily and independently replaced with: 
(A) R', which is aryl selected from the class consisting 

of phenyl, thiophenyl, pyridyl, pyrimidinyl, furyl, 
pyrrolyl, oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, 
imidazolyl, isothiazolyl, oxadiazolyl, triazolyl, 
thiadiazolyl, pyridazinyl, pyrazinyl and triazinyl, 
wherein one or more of the hydrogen atoms of Said 
aryl group may be optionally and independently 
replaced with: 
(i) methyl, 
(ii) -COOH, 
(iii) -SO,OH, 
(iv) –PO(OH), 
(v) a group of the formula -COOR, wherein R 

is methyl, 
(vi) a group of the formula-NR'R'', wherein R' 

and Rare each, independently, a hydrogen atom 
or methyl, 

(vii) a group of the formula-CONR'R'', wherein 
R and R7 are each, independently, a hydrogen 
atom or methyl, 

(viii) a group of the formula -OR, wherein R is 
a hydrogen atom or methyl, 

(ix) a group of the formula -SR', wherein R' is 
a hydrogen atom or methyl, 

(x) cyano, 
(xi) nitro, or 
(xii) halogen, 

(B) methyl, which may be mono- or polysubstituted 
with fluorine atoms and which additionally may be 
monosubstituted with R', 

(C) branched or unbranched alkyl of 2 to 6 carbon 
atoms or cycloalkyl of 3 to 6 carbon atoms, which 
alkyl or cycloalkyl group may be mono- or poly Sub 
Stituted with halogen or OXO, 

(D) a group of the formula -COOR7, wherein R’ is 
methyl, 

(E) a group of the formula -NR'R'', wherein R' 
and R7 are each, independently, a hydrogen atom or 
methyl, and wherein one of R'' and R' may addi 
tionally be the group R', 

(F) a group of the formula-CONR'R'', wherein R7 
and R'' are each, independently, a hydrogen atom or 
methyl, and wherein one of R'' and R77 may addi 
tionally be the group R, 

(G) a group of the formula -COR7, wherein R is a 
hydrogen atom, methyl or R', 

(H) a group of the formula -OR', wherein R' is a 
hydrogen atom, methyl or R', 

(I) a group of the formula - SR", wherein R is a 
hydrogen atom, methyl or R', 

(J) cyano, 
(K) nitro, or 
(L) halogen; 

R" is C1 or trifluoromethyl; 
R is a hydrogen atom; and, 
R is Cl, or trifluoromethyl; 

65 or a pharmaceutically acceptable Salt thereof. 
Even more preferred are those novel compounds of for 

mula I wherein: 
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Y is an oxygen atom; (F) an amidino group of the formula 
Z is an oxygen atom; 27 
X is a divalent group of the formula >CHR' or >NR', N1 R 

wherein R' is: 5 | 
(A) a hydrogen atom, -(CH2); en-R 
(B) branched or unbranched alkyl of 1 to 6 carbon 

atoms or cycloalkyl of 3 to 6 carbon atoms, which R29 
alkyl or cycloalkyl group may be monoSubstituted 
with: 1O wherein r is 2, 3, 4, 5 or 6, and R7, Rand Rare 
(i) oxo, each hydrogen atoms, 
(ii) aryl Selected from the class consisting of phenyl, (G) an guanidino group of the formula 

thiophenyl, pyridyl, pyrimidinyl, furyl, pyrrolyl, 
oxazolyl, thiazolyl, pyrazolyl, isoxazolyl, 15 R30 -R" 
imidazolyl, isothiazolyl, oxadiazolyl, triazolyl, | || 
thiadiazolyl, pyridaZinyl, pyrazinyl and triazinyl, -(CH2): N-cs R’ 
wherein one or more hydrogen atoms of Said aryl 
group may be optionally and independently R33 
replaced with: 2O 
(a) alkyl of 1 to 3 carbon atoms, whereins is 2, 3, 4, 5 or 6, R, R, R- and Rare 
b) -COOH, each hydrogen atoms, or ydrog 

(c) -SO,OH, (H) PE his R seen atom of Said group 
(d) –PO(OH), ls optionally Substituted with: 

5 (e) a group of the formula -COOR", wherein 2 (i) alkyl of 1 to 3 carbon atoms, (ii) a carboxylic ester group of 2 to 7 carbon atoms, 
R7 is straight or branched alkyl of 1 to 5 carbon (iii) a carboxylic acid group of 2 to 5 carbon atoms, 
atoms or cycloalkyl of 3 to 5 carbon atoms, (iv) a phosphonic acid group of 1 to 6 carbon atoms, 
(f) a group of the formula -NH2, O 
(g) a group of the formula -CONH2, 3O (v) a Sulfonic acid group of 1 to 6 carbon atoms; 
(h) a group of the formula -OR', wherein R’ is: 
R'" is a hydrogen atom or a methyl, (A) a hydrogen atom, or 
(i) an amidino group of the formula 3 (B) methyl; 41 

R is a group of the formula -CHR", wherein 
R13 35 R' is 

N1 aryl Selected from the class consisting of phenyl, 
– R14 thiophenyl, pyridyl, pyrimidinyl, furyl, oxazolyl, 

NN1 thiazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, 
thiadiazolyl, pyridaZinyl, and pyrazinyl, wherein one or 

R15 40 more of the hydrogen atoms of Said aryl group are 
necessarily and independently replaced with: 
(A) R', which is aryl selected from the class consisting 

of phenyl, thiophenyl, pyridyl, pyrimidinyl, furyl, 
oxazolyl, thiazolyl, isoxazolyl, isothiazolyl, 

45 oxadiazolyl, thiadiazolyl, pyridazinyl, and pyrazinyl, 
wherein one or more of the hydrogen atoms of Said 
aryl group may be optionally and independently 

wherein R', R'' and R' are each hydrogen 
atOmS, 
(i) a group of the formula -COOR', wherein 
R" is straight or branched alkyl of 1 to 7 
carbon atoms or cycloalkyl of 3 to 6 carbon 
atOmS, replaced with: 
(k) a group of the formula -OR', wherein (i) methyl 
R" is a hydrogen atom, or an alkyl or acyl 50 (ii) COOH, 
group of 1 to 7 carbon atoms, or (iii) a group of the formula -COOR, wherein R 
(l) a quaternary group of the formula is methyl, 

(iv) a group of the formula -OR, wherein R is 
R24 a hydrogen atom or methyl, or 
l, 25 - 55 (v) halogen, 
- O (B) methyl, which may be mono- or polysubstituted 

R26 with fluorine atoms or which may be monosubsti 
tuted with R'; 

(C) branched or unbranched alkyl of 2 to 6 carbon 
60 atoms or cycloalkyl of 3 to 6 carbon atoms, which 

alkyl or cycloalkyl group may be mono- or poly Sub 
wherein R, R and R are each methyl and 
Q is a chlorine, bromine or iodine counterion, 

(C) a branched or unbranched carboxylic acid group of Stituted with halogen or OXO, 
3 to 6 carbon atoms, (D) a group of the formula -COOR", wherein R' is 

(D) a branched or unbranched phosphonic acid group methyl, 
of 2 to 6 carbon atoms, 65 (E) a group of the formula -NR7R77, wherein R7 

(E) a branched or unbranched Sulfonic acid group of 2 and R77 are each methyl, and wherein one of R'' and 
to 6 carbon atoms, R77 is methyl and the other is the group R', 
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(F) a group of the formula –CONR", wherein R is 
a hydrogen atom, methyl or R', 

(G) a group of the formula -OR', wherein R' is a 
hydrogen atom, methyl or R', 

(H) cyano, 
(I) nitro, or 
(J) halogen; 

R" is C1 or trifluoromethyl; 
R is a hydrogen atom; and, 
R is Cl, or trifluoromethyl; 

or a pharmaceutically acceptable Salt thereof. 
Still more preferred are those novel compounds of for 

mula I wherein: 

Y is an oxygen atom; 
Z is an oxygen atom; 
X is a divalent group of the formula >CHR or >NR', 

wherein R is: 
(A) a hydrogen atom, 
(B) branched or unbranched alkyl of 1 to 6 carbon 

atoms or cycloalkyl of 3 to 6 carbon atoms, which 
alkyl or cycloalkyl group may be monoSubstituted 
with: 

(i) oxo, 
(ii) aryl Selected from the class consisting of phenyl 

or pyridyl, 
wherein one or more hydrogen atoms of Said aryl 
group may be optionally and independently 
replaced with: 
(a) alkyl of 1 to 3 carbon atoms, 
-COOH, 
(c) -SO,OH, 
(d) –PO(OH), 
(e) a group of the formula -OR'", wherein 
R'" is a hydrogen atom or a methyl, 
(f) an amidino group of the formula 

R15 

wherein R', R'' and R' are each hydrogen 
atOmS, 

(iii) a group of the formula -OR', wherein R' is 
a hydrogen atom, or an alkyl or acyl group of 1 to 
7 carbon atoms, or 

(iv) a quaternary group of the formula 

R24 

N-R25 O. 

R26 

wherein R', R’ and Rare each methyl and Q 
is a chlorine, bromine or iodine counterion, 

(C) a branched or unbranched carboxylic acid group of 
3 to 6 carbon atoms, 

(D) a branched or unbranched phosphonic acid group 
of 2 to 6 carbon atoms, 

(E) a branched or unbranched Sulfonic acid group of 2 
to 6 carbon atoms, 
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(F) an amidino group of the formula 

R27 
N1 
C 
NN1 

R29 

o (CH2) R28 

wherein r is 2, 3, 4, 5 or 6, and R7, Rand Rare 
each hydrogen atoms, 

(G) an guanidino group of the formula 

31 

R30 - 

-(CH3); N-CR 
N 

ls 
whereins is 2, 3, 4, 5 or 6, R, R, R- and Rare 
each hydrogen atoms, or 

(H) piperidyl, wherein the nitrogen atom of Said group 
is optionally substituted with: 
(i) alkyl of 1 to 3 carbon atoms, 
(ii) a carboxylic ester group of 2 to 7 carbon atoms, 
(iii) a carboxylic acid group of 2 to 5 carbon atoms, 
(iv) a phosphonic acid group of 1 to 6 carbon atoms, 
O 

(v) a Sulfonic acid group of 1 to 6 carbon atoms; 

(A) a hydrogen atom, or 
(B) methyl; 

R is a group of the formula -CHR", wherein 
R'' is 

aryl Selected from the class consisting of phenyl or 
pyridyl, 
wherein one or more of the hydrogen atoms of Said aryl 
group are necessarily and independently replaced with: 
(A) R', which is aryl selected from the class consisting 

of phenyl, or pyridyl, 
wherein one or more of the hydrogen atoms of Said 
aryl group may be optionally and independently 
replaced with: 
(i) methyl, 

(ii) -COOH 
(iii) a group of the formula -COOR, wherein R 

is methyl, 
(iv) a group of the formula -OR, wherein R is 

a hydrogen atom or methyl, or 
(v) halogen, 

(B) methyl, which may be mono- or polysubstituted 
with fluorine atoms or which may be monosubsti 
tuted with R', 

(C) branched or unbranched alkyl of 2 to 6 carbon 
atoms or cycloalkyl of 3 to 6 carbon atoms, which 
alkyl or cycloalkyl group may be mono- or poly Sub 
stituted with fluorine or oxo, 

(D) a group of the formula -COOR", wherein R' is 
methyl, 

(E) a group of the formula-CONR7R77, wherein R7 
and R77 are each methyl, and wherein one of R7 and 
R’ is methyl and the other is the group R, 

(F) a group of the formula -COR", wherein R is a 
hydrogen atom, methyl or R', 

(G) a group of the formula -OR', wherein R' is a 
hydrogen atom, methyl or R', 
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(H) cyano, (G) an guanidino group of the formula 
(I) nitro, or 

31 

(J) halogen; R30 - 
R" is a chlorine atom or trifluoromethyl; 5 | || 
5 : -(CH3)-N-Ö, R32 R is a hydrogen atom; and, N 

R is a chlorine atom, or trifluoromethyl; l 

or a pharmaceutically acceptable Salt thereof. 1O whereins is 2,3,4, 5 or 6, R, R, R- and Rare 
each hydrogen atoms, 

Especially preferred novel compounds of formula I are R is: 
those wherein: (A) a hydrogen atom, or 

(B) methyl; 
Y is an oxygen atom; 15 R3 is a group of the formula -CHR', wherein 
Z is an oxygen atom; R i. 1 

pneny 
X is a divalent group of the formula >CHR or >NR', wherein one or more of the hydrogen atoms of Said 

wherein R" is: phenyl group are necessarily and independently 
(A) a hyd t 2O laced with a nydrogen alom, replaced Wiln: 
(B) alkyl of 1 to 2 carbon atoms which may be (A) R', which is aryl Selected from the class consisting 

monosubstituted with: of phenyl, or pyridyl, 
(i) oxo wherein one or more of the hydrogen atoms of Said aryl 
(ii) aryl selected from the class consisting of phenyl sSp may be optionally and independently replaced 

or pyridyl, wherein one hydrogen atom of Said (i) methyl 
aryl group may be optionally replaced with: (ii) a group of the formula -COOR, wherein R 

(a) alkyl of 1 to 3 carbon atoms, is methyl, 
(b) -COOH, 3O (iv) a group of the formula -OR, wherein R is 
(c) -SO,OH, a hydrogen atom or methyl, or 
(d) –PO(OH), (v) halogen, 

(B) methyl, which may be mono- or polysubstituted 12a 
(e) a group of the formula -OR'", wherein with fluorine atoms or which may be monosubsti 
R'" is a hydrogen atom or a methyl, or 35 tuted with R', 
(f) an amidino group of the formula (C) a group of the formula -COOR', wherein R' is 

methyl, 
R13 (D) a group of the formula -COR", wherein R is 

N1 methyl or R', 
- R14 40 (E) a group of the formula -OR', wherein R' is a 

NN1 hydrogen atom, methyl or R', 
(F) cyano, 

R15 (G) nitro, or 
(H) halogen; 

wherein R, R'' and R' are each hydrogen 45 R" is a chlorine atom or trifluoromethyl; 
atoms, or R is a hydrogen atom; and, 

R is a chlorine atom, or trifluoromethyl; 
or a pharmaceutically acceptable Salt thereof. 
Even more especially preferred novel compounds of 

formula I are those wherein: 
Y is an oxygen atom; 
Z is an oxygen atom; 
X is a divalent group of the formula >NR', wherein R' is: 

(iii) a group of the formula -OR', wherein R' is 
a hydrogen atom or methyl, 

(C) a branched or unbranched carboxylic acid group of so 
3 to 6 carbon atoms, 

(D) a branched or unbranched phosphonic acid group 
of 2 to 6 carbon atoms, 

(E) a branched or unbranched Sulfonic acid group of 2 (A) a hydrogen atom, 
to 6 carbon atoms, 55 (B) methyl or ethyl, or 

(F) an amidino group of the formula (C) -COOH 
R is: 

N R7 (A) a hydrogen atom, or 
| co (B) methyl; 

-(CH2) -?. R. R is a group of the formula -CHR', wherein R' is: 
N phenyl, 

wherein one or more of the hydrogen atoms of Said R29 
phenyl group are necessarily and independently 

65 replaced with: 
wherein r is 2, 3, 4, 5 or 6, and R7, Rand R' are (A) R', which is aryl selected from the class consisting 
each hydrogen atoms, or of phenyl, or pyridyl, 
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wherein one or more of the hydrogen atoms of Said 
aryl group may be optionally and independently 
replaced with: 
(i) methyl, 
(ii) a group of the formula -COOR, wherein R 

is methyl, 
(iii) a group of the formula -OR, wherein R is 

a hydrogen atom or methyl, or 
(iv) halogen, 

(B) methyl, which may be mono- or polysubstituted 
with fluorine atoms or which may be monosubsti 
tuted with R', 

(C) a group of the formula -COOR", wherein R' is 
methyl, 

(D) a group of the formula -COR", wherein R is 
methyl or R', 

(E) a group of the formula -OR', wherein R' is a 
hydrogen atom, methyl or R', 

(F) cyano, 
(G) nitro, or 
(H) halogen; 

R" is a chlorine atom or trifluoromethyl; 
R is a hydrogen atom; and, 
R is a chlorine atom, or trifluoromethyl; 

or a pharmaceutically acceptable Salt thereof. 
Penultimately preferred novel compounds of formula I are 

those written: 

Y is an oxygen atom; 
Z is an oxygen atom; 
X is a divalent group of the formula >NR", wherein R' is: 

(A) a hydrogen atom; 
(B) methyl or ethyl, or 
(C) -COOH 

R is: 
(A) a hydrogen atom, or 
(B) methyl; 

R is a group of the formula -CHR", wherein R' is: 
phenyl 

wherein one or more of the hydrogen atoms of Said 
phenyl group are necessarily and independently 
replaced with: 

(A) R', which is aryl selected from the class consisting 
of phenyl, or pyridyl, 
wherein one or more of the hydrogen atoms of Said 
aryl group may be optionally and independently 
replaced with: 
(i) methyl, or 
(ii) halogen, 

(B) methyl, which may be mono- or polysubstituted 
with fluorine atoms, 

(C) a group of the formula -COR", wherein R is 
methyl or R', 

(D) halogen; 
R" is a chlorine atom; 
R is a hydrogen atom; and, 
R is a chlorine atom; 

or a pharmaceutically acceptable Salt thereof. 
Ultimately preferred novel compounds of formula I are 

those specific compounds having the following Structures: 

1O 
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-continued 

C 

C 

or a pharmaceutically acceptable Salt thereof. 

Synthesis of the Compounds of the Invention 
The synthesis of similar compounds to those of the 

invention are well known in the prior art. Depending on 
one’s purpose, Some routes may be better for providing 
Small amounts of a variety of compounds while other routes 
may be more amenable to the large Scale Synthesis of a 
Specific compound. Below are illustrated Several routes to 
these compounds and examples of compounds that have 
been Synthesized by the respective routes. 

The Starting amino acids and their derivatives necessary 
for the synthesis of the hydantoin and thio-hydantoin Struc 
tures are either commercially available or are produced by 
obvious modifications of known literature procedures (see 
e.g.: Williams, R. W., Synthesis of Optically Active 
C.-Amino Acids; Pergamon: Oxford, 1989, C.-Amino Acid 
Synthesis: O’Donnell, M. J., Ed., Tetrahedron Symposium 
in Print; Pergamon: London, 1988: Vol. 44, Issue 17, Jung, 
M. J. Chemistry and Biochemistry of the Amino Acids; 
Barrett, G. C., Ed. Chapman and Hall: New York, 1985; 
p.227, and Spero, D. M.; Kapadia, S. R.J. Org. Chem. 1996, 
61: 7398-7401). The synthesis and resolution of ethyl 
2-amino-2-(4-bromobenzyl)-propanoate (the starting mate 
rial for example 39) is given by way of example. 
A solution of alanine ethyl ester hydrochloride (15.3 g, 

99.3 mmol) in 60 mL of water was treated with triethylamine 
(14.6 mL, 104.8 mmol) at room temperature for 3 min. The 
mixture was then extracted twice with 100 mL of methylene 
chloride. The organic layers were combined, dried over 
Sodium Sulfate, and concentrated in vacuo to afford 10.0 g of 
the free base of the amino ester (86% yield). The residue was 
re-dissolved in methylene chloride and cooled in an ice bath. 
Magnesium sulfate (11.3g,93.9 mmol) was added, followed 
by trimethyl acetaldehyde (9.3 mL, 85.6 mmol). The ice bath 
was removed, and the mixture was stirred overnight. The 
magnesium Sulfate was removed by filtration, and the filtrate 
was concentrated in vacuo to afford 11.8 g of the imine 
intermediate (74.6% yield). 
The imine from above (11.8 g. 63.7 mmol) was dissolved 

in toluene (90 mL). 4-bromobenzyl bromide (17.5 g., 70.1 
mmol) was added, and the reaction was cooled to about -10° 
C. Potassium tert-butoxide (8.6 g., 76.5 mmol) was added at 
such a rate that the temperature did not exceed O C. The 
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reaction stirred in the cold bath for two hours, then was 
diluted with ether and washed with water (150 mL). The 
organic layer was dried (Sodium Sulfate), filtered, and con 
centrated in vacuo to afford a clear yellow oil. This was 
treated with 1 N HCl (100 ml, 100 mmol) and stirred 
overnight. The reaction was extracted with ethyl acetate 
(100 mL), and the aqueous layer was to afford 14.1 g of the 
racemic amino ester hydrochloride (68.7% yield). 

The racemic compounds can be resolved into their com 
ponent enantiomers via a number of known techniques. 
Ethyl 2-(R)-amino-2-(4-bromobenzyl)-propanoate (the 
Starting material for example 29) was produced from race 
mic ethyl 2-amino-2-(4-bromobenzyl)-propanoate by the 
following procedure: To 1.3 L of a buffer made from 13.69 
g KHPO and 2 L of water was added 20 g of the 
commercially available enzyme Lipase L10 (Amino 
Enzyme USA Co., Ltd, Lombardi, Ill.) followed by 12 g of 
the HCl salt of the racemic amino ester. The pH was 
monitored and 1 N KOH was added as needed to keep the 
pH of the mixture at 6.4. The course of the reaction was 
monitored with reverse phase HPLC and after 2 days, the 
HPLC analysis indicated that 50.4% of the starting material 
had been hydrolyzed. At this point enough solid NaHCO 
was added to adjust the pH to 8.1 and the mixture was 
extracted twice with toluene, ether and EtOAc. The com 
bined organic layerS was dried and concentrated and the 
crude product purified by Silica gel chromatography 
(EtOAc: Hexanes) to yield 5.21 g (87%) of ethyl 2-(R)- 
amino-2-(4-bromobenzyl)-propanoate. 

Method A. Starting with an Amino Acid and a Phenyliso 
cyanate. Cyclization wit Acid. 

An appropriate amino acid is dissolved in aqueous base 
(such as, for example, NaOH, KOH, NaCO, NaHCO, 
KCO or KHCO) and warmed to between about 20 and 
90° C. An appropriate isocyanate is added to this mixture 
and the resulting Solution was Stirred until the reaction 
essentially reaches completion. Upon cooling, the mixture is 
acidified and the resulting ureidoacetic acid is isolated by 
filtration or by extraction into organic Solvent. Removal of 
Solvent produces the intermediate ureidoacetic acid. In the 
manner reported by Sauli (U.S. Pat. No. 4,099,008), the 
intermediate ureidoacetic acid is cyclized by heating in the 
presence of a catalytic amount of acid (Such as, for example, 
Sulfuric acid, methaneSulfonic acid, benzeneSulfonic acid or 
hydrochloric acid) in an organic or aqueous Solvent, to 
produce the desired hydantoin. Workup consists of collec 
tion of the hydantoin by filtration and purification by, for 
example, Silica gel chromatography or recrystallization. 

Compounds listed in Table 1 were produced via this 
general method. 
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TABLE 1. 

Examples of Compounds Swnthesized bw Method A. 

STARTING M. P. 
EX. STRUCTURE STARTING AMINO ACID ISOCYANATE ( C.) 

1. O NCO 165-6 

D. C C 

OH 
HN 

Cl O O 

N 

X- NH 
Cl O 

2 NCO 145-6 

C s l?o w w OH C C 
HN 

N 

y- O 
C O 

D. 
3 OH NCO 165-7 

C O OH 

OH C C 
HN 

N 2 

C O 

4 OH OH NCO 201-2 

C O 

C C 

N OH 

y- HN 
C O O 

D. 
5 OH HO NCO 2O6-8 

C 

N Q 
H 2 N 

O 

O H C C 

C O 
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STRUCTURE 

Cl O 

Cl 

C 

C 

C 

C 

C 

). 
C 

Examples of Compounds Synthesized by Method A. 

NO 

OCH 
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TABLE 1-continued 

STARTING AMINO ACID 

ON 

o 
O 

ON 

o 
O 

HCO 

OH 
HN 

O 

HO 

O 

H2N 

OH 
HN 

1s O 

OH 

OH 

STARTING M. P. 
ISOCYANATE ( C.) 

NCO 197-8 

C C 

NCO 195-6 

C C 

NCO 146-8 

C C 

NCO 225-6 

C C 

NCO 122-3 

C C 
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TABLE 1-continued 
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Examples of Compounds Synthesized by Method A. 

STARTING M. P. 
EX. STRUCTURE STARTING AMINO ACID ISOCYANATE ( C.) 

11 OH OH NCO 197-8 

C O 

C C 

N OH 

y- HN 
C O O 

12 NCO 145-6 

Cl O 

C C 

N 
NH OH 

HN 

Cl O O 

13 NCO 65-6 

Cl O 

OH C C 
HN 

N 

X- NH O 
Cl O 

Method A is exemplified by the synthesis of the compound 
of Example 12 (see Table 1), which was carried out as 
follows. Homophenylalanine (1.00 g, 5.58 mmol) was dis 
solved in a solution of NaOH (0.28 g., 6.69 mmol) in 
HO(10.0 mL) and heated at 45° C. When the solution 
became homogeneous, 3,5-dichlorophenyl isocyanate (1.05 
g, 5.58 mmol) was added, and the mixture was heated at 45° 
C. for 2 h more. The cooled reaction mixture was then 
acidified with concentrated HCl to pH=2-3. The precipitate 
was collected by filtration, washed with water, and dried in 
vacuo at 50 C. to afford 0.85 g of the intermediate ure 
idoacetic acid (42%, crude yield). The intermediate was then 
taken up in a solution of concentrated HCl (5.0 mL) and 
water (5.0 mL) and heated under reflux for 5 h. The reaction 
mixture was then cooled to room temperature and the white 
solid was collected by Suction filtration, washed with water, 
and dried in vacuo at 50° C. to afford 0.52 g of the crude 
hydantoin. This material was purified by recrystallization 
from EtOH to afford 0.37 g (45%) of the compound from 
Example 12. 

45 

50 

55 

60 

65 

Method B. Starting with an amino acid and a phenylisocy 
anate. Cyclization with EDC. 
An appropriate amino acid is dissolved in aqueous base 

(such as, for example, NaOH, KOH, NaCO, NaHCO, 
KCO or KHCO) and warmed to between about 20 and 
90° C. An appropriate isocyanate is added to this mixture 
and the resulting Solution is stirred until the reaction essen 
tially reaches completion. Upon cooling, the mixture is 
acidified and the resulting ureidoacetic acid is isolated by 
filtration or extraction into organic Solvent. Removal of 
Solvent produces the intermediate ureidoacetic acid. The 
intermediate ureidoacetic acid is then cyclized to the desired 
hydantoin in organic Solvent (Such as, for example, DMF, 
NMP, or THF) using any of a number of dehydrating agents 
(such as, for example, dicyclohexylcarbodiimide (DCC) or 
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide HCl 
(EDC)) in the presence of an ester activating agent (Such as 
1-hydroxybenzotriazole hydrate (HOBT)) and a non 
nucleophilic base (Such as, for example, triethylamine or 
N,N-diisopropylethylamine). Work-up consists of extraction 
into an organic Solvent followed by purification via, for 
example, Silica gel chromatography or recrystallization. 
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Compounds listed in Table 2 were produced via this 
general method. 

TABLE 2 

Examples of Compounds Synthesized by Method B. 

STARTING M. P. 
EX. STRUCTURE STARTING AMNO ACID ISOCYANATE ( C.) 

14 NCO 113-4 

C o OH Cl Cl 
w HN 

N 

y- O 
C O 

15 NCO 114-5 

OH o Cl Cl 

C O 

HN 
N 

C 

NCO 96-7 

FC O 

O FC CF 
HN 

N 

16 

D. s 
FC 

17 NCO 195-7 

Cl Cl 

C O 

OH 
HN 

N 

y- O 
C O 

18 NCO 145-6 

C 

OH o Cl Cl 
HN 

N 

C O 



EX. 

19 

21 

22 

23 

STRUCTURE 

C 

C 

C 

C 

C 

C 

C 

C 
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TABLE 2-continued 

Examples of Compounds Synthesized by Method B. 

(Racemic) 

(Racemic) 

O 

HN 

Br 

STARTING AMNO ACID 

HN 

HN 

HC 

H. A. 

HN 

HN 

HN 

O 

O 

OH 

OH 

(Racemic) 

1. 
OH 

(Racemic) 

OH 

Br 

STARTING M. P. 
ISOCYANATE ( C.) 

NCO 190-1 

Cl Cl 

NCO 128-30 

Cl Cl 

NCO 158-9 

Cl Cl 

NCO 116-26 

Cl Cl 

NCO 278-9 

o Cl Cl 
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TABLE 2-continued 

Examples of Compounds Synthesized by Method B. 

STARTING M. P. 
EX. STRUCTURE STARTING AMNO ACID ISOCYANATE ( C.) 

24 NO2 ON NCO 181-3 

OH C. 
C O HN 

O 
N 

y 
C O 

25 NCO 153-4 

HN \ 7 
N S 

OH 
HN Cl Cl 

OH O 
HN 

O 

26 S s NCO 167-8 

\ S 
S le 

C O 

OH 
HN Cl Cl 

N 

y- O 
C O 

27 NCO 173-5 

S 

C O S 
le Cl Cl 

N OH 

y- HN 
C O O 

Method B is exemplified by the synthesis of the compound 
of Example 15 (see Table 2), which was carried out as 
follows: To a solution of (R)-phenylalanine (0.33 g, 2 mmol) 
in 1 mL of 2 N NaOH and 10 mL of water at 50° C. was 
added 3,5-dichlorophenyl isocyanate (0.38 g, 2 mmol). The 
resulting mixture was then stirred for 1 h. The solution was 
cooled and treated with concentrated HCl until a precipitate 
formed and the Solution remained acidic. The precipitate 
was collected by filtration and dried in vacuo to produce the 
desired ureidoacetic acid (0.60 g, 85%). The ureidoacetic 
acid (0.35 g, 1 mmol) was dissolved in 20 mL of DMF and 
treated with EDC (0.19 g, 1 mmol) and HOBT (0.14 g. 1 
mmol) for 1 h at room temperature. After this period 
N,N-diisopropylethylamine (0.35 mL, 2 mmol) was added 
and the mixture stirred overnight. Workup consisted of 

55 

60 

65 

trituration with water, collection of the hydantoin by 
filtration, and purification by Silica gel chromatography. The 
yield in this example was 0.20 g (60%). 
Method C. Starting with an Amino Ester or a Hydroxy Ester 
and a Phenylsocyanate. Cyclization with Base or Acid. 
An appropriate amino ester or hydroxy ester and an 

appropriate isocyanate are dissolved in an organic Solvent 
(such as, for example, DMF, TBF or DMSO) in the presence 
of a base (such as, for example, NaOH, KOH, NaCO, 
NaHCO, KCO or KHCO) and warmed to between about 
room temperature and 60° C. After approximately 1 h, the 
temperature of the reaction mixture is raised to between 
about 50 and 100° C. until the reaction appears complete. 
The Solution is then cooled and diluted with an organic 
solvent (such as, for example, EtOAc or CHCl). The 
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organic phase is washed Sequentially with dilute aqueous 
acid (e.g. 1 NHCl) and water, dried (e.g. over MgSO) and 
concentrated. The desired hydantoin is purified, for example 
by Silica gel chromatography or by recrystallization. 

44 
hydantoin by heating to between about 50 and 100° C. in the 
presence of an acid Such as, for example, aqueous HCl until 
the reaction appears complete). 
Compounds listed in Table 3 were produced via this 

(Alternatively the ureidoacetic ester can be cyclized to the general method. 

TABLE 3 

Examples of Compounds Synthesized by Method C. 

STARTING M. P. 

EX. STRUCTURE STARTING AMNO ESTER ISOCYANATE ( C.) 

28 NCO 2OO-2 

NH o S. C C 

OMe 
HN 

O 

29 Br Br NCO 63-5 

C O OEt C Cl 

N '', 

y 
C O 

3O NCO 162-4 

C O o OEt C C 
HN 

N 

y- O 
C O 

NCO 157-8 

31 

Cl O 

OEt Cl C 
HN 

N 

y- O 
O Cl 

o 
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34 

35 

36 

C 

C 
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TABLE 3-continued 

Examples of Compounds Synthesized by Method C. 

STRUCTURE STARTING AMINO ESTER 

HN 
OEt Cl 

STARTING 
ISOCYANATE 

o 

Cl 

NCO 

NCO 

NCO 

NCO 

O 
NCO 

O 

M. P. 

( C.) 
2O3-5 

Cl 

oil 

Cl 

108-9 

Cl 

105-6 

CF 

58-60 

  



US RE38,132 E 
47 48 

TABLE 3-continued 

Examples of Compounds Synthesized by Method C. 

STARTING M. P. 

EX. STRUCTURE STARTING AMINO ESTER ISOCYANATE ( C.) 

37 Br NCO 92-3 

o OEt Cl Cl 

38 NCO 194-5 

Cl Cl 

OEt 

39 Br Br NCO 135-6 

Cl Cl 

OEt 

40 Br NCO 157-8 

o Bir C Cl O 
OEt 
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TABLE 3-continued 

Examples of Compounds Synthesized by Method C. 

STARTING M. P. 
EX. STRUCTURE STARTING AMINO ESTER ISOCYANATE ( C.) 

41 NCO 72-4 

42 NCO 143-4 

Cl 

43 NCO 73-4 

Cl Cl 

C 

44 NCO oil 

Cl 

45 NCO not 
determ. 

Cl 

Method C is exemplified by the synthesis of the compound 65 dichlorophenyl isocyanate (0.19 g, 1 mmol) were dissolved 
of Example 30 of Table 3, which is as follows: Methyl in DMSO (5 mL) in the presence of approximately 0.2 g of 
2-amino-2-benzylbutyric acid (0.21 g, 1 mmol) and 3.5- NaCO and allowed to stir at 50° C. for 1 h. After this 
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period the solution was heated to 90° C. for 2 hr. The 
Solution was then cooled, diluted with EtOAc and washed 
with 0.1 NHCl and water. The organic layer was dried over 
MgSO and concentrated to produce a crude product which 
was further purified by Silica gel chromatography to yield 
0.12 g (33%) of the compound of example 30. 
Method D. Solid Phase Synthesis. 

There are Several examples in the literature which dem 
onstrate that the Synthesis of hydantoins and their precursor 
amino acid derivatives can be performed in the Solid phase 
which may make the Synthesis of large varieties of these 
compounds amenable to an automated approach. Examples 
for the Synthesis of the precursor amino acid derivatives are 
shown in the following citations: J. American Chemical 
Society, 1996, 118, 6070–1, Tetrahedron Letters, 1997, 38, 
7163-7166, Tetrahedron Letters, 1997, 38,8821. An litera 
ture citation which demonstrates the conversion of these 
amino acid derivatives to hydantoins is J. Organic Chemistry 
1997, 62, 6060-2. 

15 

52 
An amino acid attached to a Solid phase resin through its 

carboxylic acid via an appropriate linker (for example the 
Wang resin: 4-benzyloxy-benzyl polystyrene) is protected 
on its nitrogen with a reagent that will allow for the 
alkylation of the alpha-carbon (for example, a benzaldehyde 
derivative that forms an imine with the nitrogen of the amino 
acid). The protected compound is then treated with a base 
and an alkylating agent to generate the new protected amino 
acid derivative. The protecting group is removed using 
Standard conditions (in the case of an imine this is 
accomplished, for example, with aqueous HCl) and the free 
amino group is reacted with an isocyanate to generate the 
intermediate urea. This intermediate is treated with a reagent 
to catalyze the cyclization of the urea portion onto the 
carboxylate end of the molecule which forms the desired 
hydantoin and cleaves the product from the resin. Purifica 
tion is via Silica gel chromatography, reverse phase HPLC of 
recrystallization. 
Compounds listed in Table 4 were produced via this 

general method. 

TABLE 4 

Examples of Compounds Synthesized by Method D. 

EX. STRUCTURE 

46 COMe 

C O 

N 

y 
C O 

47 

O 

C O 

N 

y 
C O 

48 

C O Br 

N 

C O 

STARTING M. P. 

ALKYLATING AGENT ISOCYANATE ( C.) 

COMe NCO Not determ. 

Cl Cl 

Br 

NCO Not determ. 

O 

C C 

Br 

NCO Not determ. 

Br 

C C 
Br 
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TABLE 4-continued 

Examples of Compounds Synthesized by Method D. 

STARTING M. P. 

EX. STRUCTURE ALKYLATING AGENT ISOCYANATE ( C.) 

49 NCO 61-3 

C C 

C O 

C 
N 

y 
C O 

50 NCO >240 

Cl O 

C C 

N 

y 
Cl O 

51 CF CF NCO Not determ. 

Cl O C C 

Br 
N 

X- NH 
Cl O 

52 NCO Not determ. 

C C 

Cl O 

Br 
N 

y 
Cl O 
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TABLE 4-continued 

Examples of Compounds Synthesized by Method D. 

STARTING M. P. 

EX. STRUCTURE ALKYLATING AGENT ISOCYANATE ( C.) 

53 CF NCO Not determ. 

C C 
Br 

CF 

Cl O 

N 

y 
Cl O 

54 F F NCO 117-8 

F F 

O C 

Br 
N 

y 

Cl C 

C 

O 

N 

y 

C. 
Cl C 

Cl O 

55 NCO 150-1 

C 

C C C 

- B 
C O 

56 NCO Not determ. 

O O C 

C O 

Br 
N 

y 
C O 

C. C 
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TABLE 4-continued 

Examples of Compounds Synthesized by Method D. 

STARTING M. P. 

EX. STRUCTURE ALKYLATING AGENT ISOCYANATE ( C.) 

57 OCF OCF NCO Not determ. 

Cl O C C 

Br 
N 

X- NH 
Cl O 

58 F F F F NCO Not determ. 

Cl O C. 
C C 

Br 
N 

X- NH 
Cl O 

59 Cl CF C CF NCO 173-4 

N N 

C C 

C O 

Br 
N 

X- NH 
C O 

60 SCF SCF NCO 133-4 

C 

Cl O 
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TABLE 4-continued 

Examples of Compounds Synthesized by Method D. 

STARTING M. P. 
STRUCTURE ALKYLATING AGENT ISOCYANATE ( C.) 

OCH OCH NCO 122-3 

F F F F 

Cl o F F F C C 

Br 
N 

X- NH 
Cl O 

CF CF NCO 67-9 

F F 

Cl O C C 

Br 
N 

X- NH 
Cl O 

O CF O CF NCO Not determ. 
N1N1 21 N1N1 21 3 

N N N 
Cl O 

C C 

N 
NH 

C 

Cl O 

NCO 55-6 

C. C C 

O 

Cl 

s 
S 

le 

C 

SCF SCF NCO 17O-1 

Cl O 

C C 
Br 

N 

X- NH 
Cl O 

C 

r Cl O 

)- y 
Cl 

C. 
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TABLE 4-continued 

Examples of Compounds Synthesized by Method D. 

STARTING M. P. 
EX. STRUCTURE ALKYLATING AGENT ISOCYANATE ( C.) 

66 NCO 153-5 

OCF 

C C 
Br 

N 

y 
C O 

67 CF CF NCO 163-4 

F F 

Cl O F F C C 

Br 
N 

y 
Cl O 

68 NCO Not determ. 

C C 

O 

69 NCO 168-70 

I 

I 

I 

I O 

Method D is exemplified by the synthesis of the compound 
of Example 67, which was carried out as follows: A reaction 
vessel was charged with the commercially available Fmoc 
Ala-Wang (300 mg, 0.150 mmol) and 3 mL of a 20% 
solution of piperidine in N-methyl pyrollidinone (NMP). 
The reaction vessel was agitated at room temperature on an 
orbital shaker for 45 minutes. The resin was filtered and 
washed with NMP (3x1 mL). The reaction vessel containing 
resin was equipped with a rubber Septum, placed under 
argon, charged with 3,4-dichlorobenzaldehyde (394 mg, 
2.25 mmol), trimethyl orthoformate (3.5 mL), and NMP (1.5 
mL). The resulting mixture was agitated at room tempera 
ture for 15 h. The solid resin was isolated by filtration and 

OCF OCF 

C O 

Br 
N 

y 
C 

F F 

CF CF 

C O 

Br 
N 

y 
C 
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C. C C 

washed sequentially with NMP (3x3 mL), tetrahydrofuran 
(3xmL), and CHCl (3xmL). The resin was then dried 
under Vacuum for approximately one hour to produce the 
imine-resin intermediate. 

The imine-resin intermediate was alkylated with 2,3- 
difluoro-4-trifluormethylbenzyl bromide (123.8 mg, 0.45 
mmol) by mixing these two reagents, 2-tert-butylimino-2- 
diethyla mino-1,3-dimethyl per hydro-1,3,2- 
diazaphosphorine (BEMP, 0.217 mL, 0.75 mmol), and NMP 
(3.5 mL) and agitating the mixture at room temperature on 
an orbital shaker for 15 h. The solid was isolated by filtration 
and washed sequentially with NMP (3xmL), THF (3xmL), 
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and CHCl (3x3 mL) yielding the alkylated-imine-resin 
intermediate upon drying. 

The imine was cleaved from the preceding intermediate 
by treatment with aqueous 1 NHCl (1.8 mL) and THF (3.6 
mL) and agitating at room temperature for about 15 h. The 
resin bound amino ester was isolated by filtration and 
washed sequentially with NMP (3x3 mL), THF (3x3 mL), 
and CHCl (3x3 mL) and dried under vacuum. 
The resin bound amino ester was converted to the hydan 

toin using a procedure that cleaves the final product from the 
resin. The intermediate amino-ester was placed in a reaction 
vessel and treated with 3 mL of a 20% solution of N,N- 
diisopropylethylamine in NMP. After agitation at room 
temperature under argon for 1 h, the resin was filtered, 
washed with NMP (3x3 mL) and methanol (3x3 mL), and 
placed under vacuum. Subsequently, the vessel was opened 
under argon and charged with 2.5 mL of a 1.75 M Solution 
of 3,5-dichlorphenylisocyanate in dimethylformamide 

15 

64 
desired hydantoin by treatment with base (Such as, for 
example, NaH, NaHMDS, NaCO, NaHCO, KCO or 
KHCO) in an organic solvent (such as, for example, THF 
or DMF), followed by warming to approximately 60-90° C. 
The Solution is next cooled and diluted with an organic 
Solvent (Such as, for example, EtOAc). The organic Solution 
is washed sequentially with dilute acqueous acid (Such as 1 N 
HCl) and then water, dried (as with MgSO) and concen 
trated. The desired hydantoin is purified, as by Silica gel 
chromatography or recrystallization. (Alternatively the 
intermediate ureidoacetic ester can be cyclized to the hydan 
toin by heating to about 90° C. in the presence of an acid, 
Such as aqueous HCl, as mentioned in method C). 

The compounds listed in Table 5 were produced via this 
method. 

TABLE 5 

Example of Compound Synthesized by Method E. 

STARTING STARTING M. P. 
EX. STRUCTURE ISOCYANATEESTER ANILINE ( C.) 

70 NH2 178-9 

Cl O 

OEt Cl Cl 
OCN 

C N C 

y- O 
Cl O 

71 NH2 145-6 

C O 

OEt Cl Cl 
OCN 

I N I 

y- O 
C O 

(DMF, 0.45 mmol). The mixture was agitated at room 
temperature under argon overnight and the product removed 
from the resin by filtration. After the resin was washed ethyl 
acetate (6x2 mL), the combined organic Solutions were 
diluted with water and then washed with water (3x3 mL) and 
saturated aqueous NaCl (2x3 mL), dried over sodium 
Sulfate, filtered, and concentrated under a stream of nitrogen. 
Final purification was accomplished using reverse phase 
HPLC (acetonitrile-water gradient). 
Method E. Starting with an ISOcyanateester and an Aniline. 
Cyclization with base or Acid. 
To an appropriate isocyante ester, dissolved in an organic 

Solvent (Such as, for, example, methylene chloride) is added 
an appropriate aniline, and the mixture is Stirred for between 
about 1 and 24 h, at about room temperature, under an inert 
atmosphere, Such as argon. The organic Solvent is is then 
removed in vacua. Excess aniline is removed (as by boiling 
the crude Solid in hexanes and decanting off the liquid, or by 
flash chromatography over Silica gel) leaving the Solid 
ureidoacetic ester. The ureidoacetic ester is cyclized to the 
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Method E is exemplified by the synthesis of the compound 
from example 70, shown in Table 5, which was carried out 
as follows: To a solution of ethyl 2-isocyanato-3- 
phenylpropionate (99.0 mL, 0.110 g, 0.501 mmol) in dry 
CHCl (5.0 mL) was added 3,4,5-trichloroaniline (0.1952 
g, 0.994 mmol) as a solid. The mixture was stirred at room 
temperature under an argon atmosphere for 20 h. The 
Solution was then concentrated in vacuo and the residue was 
recrystallized two times from ethyl acetate/hexanes to give 
0.14 g (65%) of the pure intermediate urea as a white solid. 
A suspension of sodium hydride (0.06 g 60% dispersion in 
mineral oil, 1.52 mmol) in dry THF (4.0 mL) was treated 
with a solution of the above urea (0.108 g., 0.260 mmol) in 
dry THF (4.0 mL). The mixture was stirred at room tem 
perature under an argon atmosphere for 1 h. The mixture was 
next poured into 100 mL 1 Naqueous HC1. The THF was 
removed under reduced pressure and the mixture was fil 
tered. The solid was purified by preparative thin layer 
chromatography (SiO2, 1:1 hexanes/ethyl acetate) to give a 
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white solid which was further purified by recrystallization 
from absolute EtOH to give 0.027 g of pure compound 
(28%). 
Method F. Synthesis of Succinimides. 

Equimolar amounts of the an appropriate Starting diacid 
or anhydride and an appropriate Starting aniline are refluxed 
in a Solvent (Such as Xylene) in the presence of a catalytic 
amount of base (such as triethylamine) for between about 2 
and 24 h. The Solvent is removed in vacuo and the residue 

is dissolved in an organic Solvent (Such as EtOAc), washed 
Sequentially with aqueous dilute base (Such as NaHCO) and 
aqueous dilute acid (Such as HCl), dried (for example over 
MgSO), and concentrated. Purification is performed via, for 
example, recrystallization or chromatography over Silica 
gel. 

The Starting diacids and anhydrides are available either 
commercially or via a number of known literature methods. 
By way of example, a procedure for the Synthesis of 
2-benzyl-3-carboxy-2-methylbutanoic acid (the starting 
material for example 74) is given. 
A Solution of 2.0 g of 2-methyl-3-phenylpropanoic acid 

(12.2 mmol), 2.2 g of carbonyl-diimidazole (CDI, 13.56 
mmol) in 20 mL of THF was refluxed under nitrogen for 1 
h. The temperature was reduced to 50° C. and 1.2 mL of 
crotyl alcohol (14.1 mmol) was added followed by 20 mg of 
4-(N,N-dimethylamino)-pyridine (DMAP). The mixture 
was heated at 50 C. for 3 h, concentrated and purified by 
Silica gel chromatography to give 1.7 g of the intermediate 
ester: trans-2-bute nyl 2-benzyl-3-carboxy-2- 
methylbutanoate (64%). 
The ester was Subjected to a 3.3 Sigmatropic rearrange 

ment to produce the next intermediate. Under argon, at -78 
C., a solution of 560 mg of the intermediate ester (2.57 
mmol) in THF (1 mL) was added to a THF solution of 
lithium di-isopropylamide (LDA, 3.25 mmol, generated 
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25 
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from 1.3 mL of 2.5 M n-BuLi and 0.54 mL of iPr-NH in 3 
mL of THF, -10° C., 15 min) containing 500 microliter of 
DMPU. The mixture was stirred for 30 min before a Solution 

of 480 mg of TBSC (3.1 mmol) in 1 mL of THF was added. 
The mixture was stirred at -78 C. for 30 min, at room 
temperature for 20 min and then heated at 60° C. for 10 h. 
The mixture was cooled to 0°C., quenched with 2 NHCl (5 
mL) and stirred at room temperature for 10 h. The mixture 
was made basic with 2 N NaOH to pH 10, extracted with 
ether (5 mL). The aqueous layer was separated, acidified to 
pH 1 with concentrated HCl, extracted with EtOAc and 
concentrated to give 500 mg (89%) of the intermediate: 
2-benzyl-2,3-dimethyl-4-pentenoic acid. 
The mono-acid was converted to the desired diacid by 

oxidation of the terminal alkene with OZone and the resulting 
intermediate further oxidation with a chromium reagent. 
Through a solution of 500 mg of 2-benzyl-2,3-dimethyl-4- 
pentenoic acid (2.29 mmol) in MeOH (20 mL) and meth 
ylene chloride (10 mL) containing 120 microliter of pyridine 
was passed rapidly enough of a stream of O at -78 C., Such 
that the solution turned slightly blue. The mixture was 
treated with 1 mL of methylsulfide and stirred at -78°C. for 
5 min. The mixture was then warmed to room temperature, 
concentrated and passed through a Silica gel column (with 
10% MeOH in CHCl as eluting solvent) and concentrated. 
The crude material was dissolved in 5 mL of acetone and 

treated with Jones reagent (16 g CrO 16 g con. HSO in 
100 mL of HO) at room temperature until the orange color 
persisted. After addition of water (10 mL), the mixture was 
stirred for 1 h, washed with EtOAc and concentrated. The 
mixture was purified by Silica gel chromatography with 3% 
AcOH-EtOAc to give 300 mg of the desired diacid (55%). 
Compounds listed in Table 6 were produced via this 

method. 

TABLE 6 

Examples of Compounds Synthesized by Method F. 

EX. STRUCTURE 

72 Br 

C O 

w 

N 

C O 

(Racemic) 

MELTING POINT 

STARTING MATERIAL ( C.) 

Br oil 

O 
O 

(Racemic-3:1 mixture of 
diastereomers) 
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TABLE 6-continued 

Examples of Compounds Synthesized by Method F. 

EX. STRUCTURE 

73 Br 

C O 

C O 

(Racemic) 

74 

C 

w 
N 

C 

(Racemic) 

75 

C O 

N 

C O 

76 

C O 

N 

C O 

MELTING POINT 

STARTING MATERIAL 

Br 

OH 
HO 

O 

(Racemic = 3:1 mixture of diastereomers) 

(Racemic) 

OH 
HO 

HO 
OH 

( C.) 

139-40 

111-2 

104-5 

112-3 

68 
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TABLE 6-continued 

70 

Examples of Compounds Synthesized by Method F. 

EX. STRUCTURE STARTING MATERIAL 

77 Br 

HO 

O 

C O 

N 

C O 

Method F is exemplified by the synthesis of the compounds 
of Examples 92 and 93 (see Table 6) which was carried out 
as follows: A mixture of isomers of the Starting diacid of 
example 92 (0.58 g, 1.8 mmol, 3:1 mixture of isomers), 
3,5-dichloroaniline (0.35g, 2.2 mmol), EtN (10 mL, 0.07 
mmol) in Xylene (5 mL) was refluxed under argon in a flask 
fitted with Dean-Stark trap for 24 h. The mixture was cooled, 
concentrated and purified by Silica gel chromatography 
(with 10% then with 15% ethyl acetate in hexanes as the 
eluting solvent) to give 0.45 g (52%) of trans-methyl isomer 
(example 73, mp 139-140° C) and 15 mg (2%) of the 
cis-methyl isomer (example 72, mp=oil). 
Method G. Conversion of Carbonyls to Thio-carbonyls 

Br 

25 

MELTING POINT 

( C.) 
not determined 

OH 

Several reagents are known in the literature which will 
convert carbonyls to thio carbonyls. A typical Sequence 
involves heating the Substrate with a reagent Such as PS in 
a high boiling solvent such as tetralin for between 1 and 48 
h. Isolation of the product follows relatively standard con 
ditions Such as the dilution of the mixture into an organic 
solvent such as EtOAc and washing this mixture with water 
and Saturated aqueous NaCl followed by drying and con 
centration. Purification is accomplished by Silica gel chro 
matography or recrystallization, to afford the desired prod 
uct. 

Compounds listed in Table 7 were produced via this 
general method. 

TABLE 7 

Examples of Compounds Synthesized by Method G. 

MELTING POINT 
EXAMPLE STRUCTURE STARTING MATERIAL ( C.) 

78 Br Br 197-8 

C S Cl O 

N N 

y- y 
C S Cl O 

79 Br Br 153-4 

C S Cl O 

N N 
N N X-S y-N 

C S Cl O 
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Method G is exemplified by the synthesis of the compound 
of Example 78, which was carried out as follows: The 
starting substrate (1.5 g., 3.5 mmol) was dissolved in 5 mL 
of tetralin, treated with PS (0.9 g, 5.7 mmol) and heated to 
225 C. for 2 h. Upon cooling, the mixture was diluted with 
water and the product was extracted into EtOAc. The 
organic layer was washed with Saturated acqueous NaCl, 
dried and concentrated. The residual oil was triturated with 
hexanes to produce a yellow Solid which was isolated by 
filtration. This material was further purified by flash chro 
matography (1:4 EtOAc:Hexanes) to afford 1.13 g (70%%) 
of the desired compound. 
Method H. Selective Hydrolysis of Thio-carbonyls to Car 
bonyls 

The dithio-carbonyl containing compounds produced via 
Method G can be selectively hydrolyzed to each of the two 
monothio-carbonyl compounds depending on the choice of 
conditions. In general the thio-carbonyl at the 4-position of 
the ring is more Susceptible to nucleophilic conditions. AS 
shown in Example 81, it can be converted to the 4-OXO 
Species by treatment with aqueous ethanolamine followed 
by acid hydrolysis. The thio-carbonyl at the 2-position of the 
ring is more nucleophilic at Sulfur and can be alkylated with 
methyl sulfate. This intermediate can then be hydrolyzed 
with mild acid. This affords the compound of Example 80. 
Purification of either class of compound is easily performed 
by Silica gel chromatography or recrystallization. 
Compounds listed in Table 8 were produced via this 

general method. 

TABLE 8 

15 

25 

72 
Example 80 was prepared by treating a Solution of the 
starting material (0.23g, 0.49 mmol) in 3 mL of THF with 
acqueous with 10 mL of 50% aqueous ethanolamine and 
heating under reflux for 2 h. Upon cooling, the mixture was 
extracted with EtOAc and the organic layer was washed with 
water and Saturated aqueous NaCl, dried and concentrated to 
give a brown solid. This solid was then treated with 20 mL 
of 6 NHCl and heated under reflux for 72 h. Upon cooling, 
the mixture was extracted with EtOAc and the organic layer 
was washed with Saturated aqueous NaCl, dried and con 
centrated. The product was purified by preparative TLC over 
Silica gel using 1:1 EtOAc:HeXanes as the Solvent to pro 
duce the product in 34% yield. 

Example 81 was prepared by treating a Solution of the 
starting material (0.5g, 1.09 mmol) in 1.6 mL of 2N NaOH. 
AS the compound did not initially dissolve, 1 mL of water 
and 1 mL of THF were added to aid solubility. This mixture 
was then cooled in an ice bath and MeSO (0.12 mL, 1.3 
mmol) was added dropwise over 5 min. The mixture was 
stirred another 3 h at 0° C. and then for 45 min at room 
temperature. The reaction was quenched by the addition of 
enough 1 NHCl needed to lower the pH of the solution to 
2. The mixture was extracted with EtOAc and the organic 
layer was washed with Saturated aqueous NaCl, dried and 
concentrated to give a yellow oil. This oil was then treated 
with 10 mL of 6 NHCl and heated under reflux for 3 h. Upon 
cooling, the mixture was extracted with EtOAc and the 
organic layer was washed with Saturated aqueous NaCl, 
dried and concentrated. The product was purified by column 
chromatography over Silica gel using 1:1 EtOAc: Hexanes as 
the solvent to produce the product in 5% yield. 

Examples of Compounds Synthesized by Method H. 

EX. STRUCTURE STARTING MATERIAL 

8O Br B 

Cl O C S 

N N 
N N y-S ) / Y-S 

Cl S C S 

81 Br B 

Cl S C S 

N N 

y- y 
Cl O C S 

REACTION M. P. 
CONDITIONS ( C.) 

1. HN(CH),OH, THF, 100° C. 153-4 
2. 6NHCl, 100° C. 

1. NaOH, Me-Sea, O C. 174-5 
2. 6NHCl, 100° C. 
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Method I. N-Alkylation of a Hydantoin. 
An appropriate hydantoin is dissolved in an aprotic Sol 

vent (such as, for example, DMF, THF or DMSO) and 
treated with one equivalent of a base (such as, for example, 
NaH, LDA, LiHMDS, KHMDS, KH or NaHMDS). After 
about 10 minto 1 h an appropriate alkylating agent is added 
and the mixture Stirred at between about room temperature 
and 90° C. for up to about 24 h. (Progress of the reaction can 
be monitored using TLC). The solution is then cooled and 

74 
diluted with an organic Solvent (Such as, for example, EtOAC 
or CHCl). The organic phase is washed sequentially with 
a dilute acid (such as 1 NHCl) and water, dried (for example 
over MgSO) and concentrated. The desired hydantoin is 
purified, as by Silica gel chromatography or by recrystalli 
Zation. 

Compounds listed in Table 9 were produced via this 
general method. 

































US RE38,132 E 
106 105 

  













US RE38,132 E 
117 

Method I is exemplified by the synthesis of the compound of 
Example 97 (see Table 9), which was carried out by dis 
solving the starting material (0.21 g, 0.5 mmol) in DMF (5 
mL) and treating the Solution sequentially a Solution of 1 M 
NAHMDS (0.5 mL, 0.5 mmol) and EtI (0.04 mL, 0.5 
mmol). After 1 h, the reaction mixture was partitioned 
between EtOAC and water, and the organic phase washed 
with water and dried over MgSO. Column chromatography 
over silica gel produced 0.17 g (72%) of the desired product. 
Method J. C-Alkylation of a Heterocycle. 
An appropriate heterocycle is dissolved in an aprotic 

solvent (such as DMF, TBF or DMSO) and treated with one 
equivalent of a base, (such as Et N, LDA, KHMDS, LiH 

118 
MDS or NaHMDS) at between about -78° C. and room 
temperature. After about 10 min to 2 h an appropriate 
alkylating agent is added and the mixture Stirred at between 
about 0 and 90° C. for up to about 24 h. (Progress of the 
reaction can be monitored using TLC). The Solution is then 
cooled and diluted with an organic Solvent (Such as, for 
example, EtOAc). The organic phase is washed sequentially 
with dilute aqueous acid (such as 1 NHCl), and with water, 
dried (for example, over MgSO) and concentrated. The 
desired hydantoin is purified, as by Silica gel chromatogra 
phy or by recrystallization. 
Compounds listed in Table 10 were produced via this 

general method. 

TABLE 10 

Examples of Compounds Synthesized by Method J. 

STARTING 

AKLYLATING 

EX. STRUCTURE STARTING HYDANTON AGENT M.P. (C.) 

138 Br Br CHI not determined 

C O C O 

N N 
N N 

X- N X- N 
C O C O 

139 Br Br CHI oil 

C O C O 

N N 
N N 

C O C O 

140 COMe C O Br 48-50 

N X-S 
C O 

COMe 

C O 

N 

X-S 
C O 



EX. 

141 

142 

143 

144 

145 

Cl 

Cl 

Cl 

Cl 

C 

C 

Cl 

Cl 

Cl 

Cl 

119 

Examples of Compounds Swnthesized bw Method J. 

STRUCTURE 

Br 
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TABLE 10-continued 

STARTING HYDANTON 

Cl 

C 

Cl O 

X 
X-S 

Cl O 

Cl O 

X y-n 
Cl O 

Cl O 

X y-n 
Cl O 

Cl O 

X 
X-> 

Cl O 

120 

STARTING 
AKLYLATING 

AGENT 

Br 

Br 

Br 

B 

Br 

Br Br 

C 

O 

M.P. (C.) 

125-7 

95-6 

97-8 

106-7 

105-6 



EX. 

146 

147 

148 

149 

150 

121 

Examples of Compounds Synthesized by Method J. 

STRUCTURE 
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TABLE 10-continued 

STARTING HYDANTON 

C 

2) y-O N C 

C 

(). C 

C 

(). I 
C 

C 

(). C 

C 

(). C 

122 

STARTING 
AKLYLATING 

AGENT 

Br 

F 

Br F 

Br 

Br 

c 

M.P. (C.) 

110-2 

106-8 

82-3 

124-6 

oil 



EX. 

151 

152 

153 

154 

155 

Examples of Compounds Swnthesized bw Method J. 

STRUCTURE 

CN 

Cl O 

N 
N 
N 

Cl O 

C O CN 

N 
N 
N 

C O 

CN 

C O 

N 

C O 

C 

Cl O 

N 
N 
N 

Cl O 

C 

C O 

N 

C O 
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TABLE 10-continued 

STARTING HYDANTON 

C 

C 

C 

(). C 

C 

(). C 

C 

(). C 

C 

(). I 
C 

124 

STARTING 
AKLYLATING 

AGENT 

Br 

CN 

Br CN 

l CN 

Br 

C 

Br 

C 

M.P. (C.) 

166-8 

62-4 

124-6 

96-8 

105-7 



EX. 

156 

157 

158 

159 

160 

C O 

-)- 

125 

Examples of Compounds Swnthesized bw Method J. 

STRUCTURE 

O 

NO 

Cl O 

N 
N 
N 

Cl O 

Cl O 

C O 
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TABLE 10-continued 

STARTING HYDANTON 

Cl 

2) y-O N C 

Cl 

Cl O 
- 

Cl 

C 

O 

N 

X-S 
Cl O 

O 

X 
X-> 

C O 

-)- 
C 

-)- 
Cl 

O ()- C 

126 

STARTING 
AKLYLATING 

AGENT 

C 

Br 

Br 

B 

Br 

NO 

CHI 

Br 

M.P. (C.) 

106-8 

50-2 

not determ. 

160-1 

166-7 



EX. 

161 

162 

163 

164 

165 

C 

127 

STRUCTURE 

- 
Cl 

C 

Cl 

Cl 

Cl 

I 

Br Br 

C O 

N 

I 

Examples of Compounds Swnthesized bw Method J. 
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TABLE 10-continued 

STARTING HYDANTON 

C 

C 

C 

2) 
C 

(). C 

C 

(). C 

C 

(). C 

128 

STARTING 
AKLYLATING 

AGENT 

C 

n N 

Br Br 

M.P. (C.) 

65-66 

143-4 

not determined 

138-9 

114-5 
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TABLE 10-continued 

Examples of Compounds Synthesized by Method J. 

STARTING 

AKLYLATING 

EX. STRUCTURE STARTING HYDANTON AGENT M.P. (C.) 

166 OMe Cl O Br 125-6 

N 
N X-> 

Cl O Cl O 

OMe 
N 

N X-> 
Cl O 

167 F Cl O Br 37-9 

F F 
N F F 

N 

X- N F F 
Cl O Cl O F F 

F 
N 

N 

X- N 
Cl O 

168 CHI 53-5 

O O 

Cl O C O 

N N 
N N X-> X-> 

Cl O C O 

169 Br C Br 98-100 

) / X-N, 



EX. 

170 

171 

172 

173 

C 

131 

STRUCTURE 

Cl 

C 

Cl 

C 

Cl 

C 

I 

Br 

Cl 

O Cl 

N 

I 

CF 

Br 
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TABLE 10-continued 

Examples of Compounds Synthesized by Method J. 

Cl 

C 

C 

C 

C 

STARTING HYDANTON 

O 

Y 
O 

O 

Y 
O 

Y-O N 

Y-O N 

NS 

NS 

Br 

Br 

132 

STARTING 

AKLYLATING 

AGENT 

Br 

CF 

Br 

CHCH.I 

CHCHCH-Br 

M.P. (C.) 

65-66 

120-1 

55-6 

51-3 



EX. 

174 

175 

176 

177 

178 
C 

C 

133 

E 

STRUCTURE 

Cl 

C 

- 

()- Y 

COMe 

y-O N 
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TABLE 10-continued 

xamples of Compounds Swnthesized bw Method J. 

C 

C 

Br 

Cl 

On y 
I 

STARTING HYDANTON 

I 

I 

C O 

N 

y-n 

y-O N 
Br 

N 
N 

C O C O 

SOMe Cl O 

N 
N 

X- N 
Cl O Cl O 

N 
N 

X- N 
Cl O 

Br Cl O 

X- N 
Cl O Cl O > 

N 

X Cl O > 
HO C 

()- C ()- 

Br 

134 

STARTING 
AKLYLATING 

AGENT 

COMe 

OMe 

CICHOCH 

SOMe 

Br 

Br 

Br 

O H 

M.P. (C.) 

127-8 

54-5 

159-60 

77-9 

77-9 
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TABLE 10-continued 

Examples of Compounds Swnthesized bw Method J. 

STARTING 
AKLYLATING 

EX. STRUCTURE STARTING HYDANTON AGENT M.P. (C.) 

179 C oil Cl O HO O 

X 
N NH 

NH 

O 4fn. C 
Cl O 

18O Cl O Br 120-1 
Br 

Cl O 
N 

O 

N 

y- Cl O 
Cl O Br 

Method J is exemplified by the synthesis of the compound 
of Example 148 (see Table 10), which was carried out is as 
follows. The starting material (0.11 g, 0.40 mmol) was 
dissolved in THF (5.0 mL) and cooled in a dry-ice/acetone 
bath (approximately -78° C.). Lithium bis(trimethylsilyl) 
amide (LiHMDS, 405.0 uL, 0.40 mmol) was added drop 
wise. The resultant yellow solution was stirred in the cold 
bath for 15 minutes, at which point 2-fluorobenzyl bromide 
was added to it. The mixture was stirred at this temperature 
for an additional 30 minutes and then at 0°C. for 30 minutes. 
The reaction mixture was next poured into 1 NHCl (40 mL) 
and extracted into EtOAc (50 mL). The organic layer was 
washed with saturated aqueous NaCl (35 mL), dried 
(NaSO), filtered, and concentrated in vacuo to afford 0.16 
g of crude product. This material was purified by flash 

EX. 

181 

Cl 

Cl 

chromatography over Silica gel (1:3 EtOAc/Hexanes) to 
afford 0.87 g (57.0%) of the compound of example 148. 
Method K. C-Alkylation of Hydantoins using Methyl Mag 
nesium Carbonate 
As reported by Finkbeiner (J. Org. Chem. 1965, 30, 

3414), hydantoins can be C-alkylated with alkyl halides 
using magnesium methyl carbonate (MMC). A Solution of 
MMC in an organic solvent (such as DMF) is saturated at 

35 

about 80° C. with CO over a period of about 1 h. An 
appropriate hydantoin is then added and heated with the 
MMC for about 1 to 2 h, at which point an appropriate alkyl 
halide is added. The reaction mixture is then warmed to 
about 110° C. for between about 2 to 3 h, then cooled to 
about room temperature. The mixture is then poured into 
concentrated aqueous acid (such as HCl) over ice and 
cooled. The solid formed is collected by filtration and 
purified by Silica gel chromatography and/or via recrystal 
lization to afford the desired product. 

The compound listed in the Table 11 was produced via 
this method. 

TABLE 11 

Example of Compound Swnthesized bw Method K. 

MELTING POINT 
STRUCTURE STARTING MATERIAL ( C.) 

Cl O 213-4 
n N 

21 N 

O y 
Cl O 

N 

y 
O 

60 

65 

Method K is exemplified by the synthesis of the compound 
of Example 181 (see Table 11), which was carried out as 
follows: A dry two-necked round bottom-flask was evacu 
ated and charged with a CO2 atmosphere. Magnesium 
methyl carbonate in DMF (860 uL, 2.0 M) was added to the 
flask and the solution was heated to 80° C. CO was 
introduced from a dry-ice vessel via a cannula connected to 
the reaction vessel and was bubbled through the solution for 
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1.0 h at which point an argon line was attached and the 
cannula was removed. The starting material (0.21 g, 0.86 
mmol) in DMF (4.0 mL) was added and the reaction mixture 
was heated at 80 C. for 1.5 h. A solution of 3-picolyl 
chloride (0.12 g, 0.94 mmol-HCl salt was first free-based 
with NaOH) in DMF (1.0 mL) was then added dropwise. 
The temperature of the oil bath was increased to 110° C. and 
the mixture was heated at this temperature for 4.0 h. Upon 
cooling to room temperature the mixture was poured into a 
mixture 5 mL concentrated HCl and 10 g ice, then stored in 
a refrigerator overnight. The Solution was next neutralized to 
pH 7–8 with 6 N NaOH and the resulting solid collected by 
Suction filtration and washed with ice-water. Drying of the 
compound at 50 C. in vacuo afforded 0.20 g of crude 
product. This was purified by flash chromatography (5% 
MeOH/CHCl) to afford 0.06 g of a material which was 
further purified by recrystallization with EtOH afforded 0.04 

15 

138 
g (14.9%) of the compound of example 181. Method L. 
Synthesis of Compounds using Pd Catalyzed Cross Cou 
pling 
An appropriately Substituted arylboronic acid or aryl 

Stanane is mixed with an aryl halide or aryl triflate and a 
catalytic amount of tetrakis(triphenylphosphine)palladium 
in an appropriate Solvent System (Such as benzene contain 
ing ethanol and aqueous NaCO, DMF, NMP or THF) 
under an inert atmosphere. Other components Such as, for 
example LiCl and triethylamine, may be added as necessary. 
The mixture is heated at between about 50 and 150° C. for 
between about 2 and 48 h. The mixture is next cooled and 
diluted with an organic solvent (such as EtOAc). The 
organic phase was washed Successively with water and 
Saturated aqueous NaCl, dried (as with Na2SO) and con 
centrated to give an impure mixture from which the desired 
material is isolated using Silica gel chromatography. 
The compounds listed in Table 12 were produced via this 

method. 

TABLE 12 

Example of Compound Synthesized by Method L 

EX. STRUCTURE 

182 

Cl 

Cl O 

N 

X- N 
Cl O 

183 O OH 

Cl 

Cl O Cl 

Cl O 

STARTING MATERIAL 

COUPLING MP 

PARTNER ( C.) 

B(OH)2 57-8 

B(OH)2 150-1 

CO2H 
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TABLE 12-continued 

Example of Compound Synthesized by Method L 

COUPLING MP 

EX. STRUCTURE STARTING MATERIAL PARTNER ( C.) 

184 Br B(OH)2 82-4 

O 

Cl O 

N '', C 

O y 
N “, Cl O 

y 
C O 

185 Br B(OH)2 53-4 

Cl O 

C O N '. 

y N '', 

y- Cl O 
C O 

186 O OH Br B(OH)2 136-8 

Cl O 

COH 

N '', 
N 

X- N 
C Cl O 

C 
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TABLE 12-continued 

Example of Compound Synthesized by Method L 

EX. STRUCTURE STARTING MATERIAL 

187 Br 

Cl O 

'', 
C N ..." 

X- N 
Cl O 

C 

188 Br 

Cl O 

' 
C N 

X- N 
Cl O 

C 

189 

O O 
N B1 

C 
Cl O 

N * '', 

N 

X- N C 
Cl O 

142 

COUPLING 

PARTNER 

SnBus 

n N 

21 

SnBus 

Br 

MP 

( C.) 

89-90 

56-57 

69-70 
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TABLE 12-continued 

Example of Compound Synthesized by Method L 

COUPLING MP 

EX. STRUCTURE STARTING MATERIAL PARTNER ( C.) 

190 Br SnBus 77-9 

N 

2N 
Cl O 

'', 
C N A. 

y 
Cl O 

C 

191 I 76-8 

C C 

BOOH 
Cl O 

N C 

O y 
N Cl O 

y 
C O 

192 I 201-2 

NO NO 

Cl O 
BOOC 

N 
NH 

C O 
Cl O 

y 
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TABLE 12-continued 

Example of Compound Synthesized by Method L 

COUPLING 

EX. STRUCTURE STARTING MATERIAL PARTNER 

193 I 

OEt OEt 

BOOH 
Cl O 

N C 

O y 
N Cl O 

NH y 
C 

194 I 

OMe OMe 

BOOH 

O Cl O 
N C 

O y 
N Cl O 

C 

195 o I s 

S 21 S le 

HOOB 

Cl O 

C O N 

y 
y- Cl O 

C O 

MP 

( C.) 

70-3 

74-7 
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TABLE 12-continued 

Example of Compound Synthesized by Method L 

COUPLING 

EX. STRUCTURE STARTING MATERIAL PARTNER 

196 S \ I S 

HOOB 

Cl O 

C O N 

y 
N Cl O 

NH y 
C 

197 I 

BOOH 

O Cl O 
N C 

O y 
N Cl O 

C O 

198 OEt I OEt 

BOOH 

O Cl O 
N 

C O y 
O N Cl 

C O 

MP 

( C.) 

73-5 

148-9 

65-8 
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TABLE 12-continued 

Example of Compound Synthesized by Method L 

COUPLING MP 

EX. STRUCTURE STARTING MATERIAL PARTNER ( C.) 

199 C I Cl 143-4 

o s 

S S 
2 le 

Cl O HOOB 

N 

C O y 
Cl O 

N 

y 
C O 

2OO I 69-70 

F F 

BOOH 

O Cl O 
C O N y 

y 
C O 

2O1 Cl I Cl 97-99 

C Cl O C 

BOOH 

N 
NH 

C O 
Cl O 

N 

C O 
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TABLE 12-continued 

Example of Compound Synthesized by Method L 

COUPLING MP 

EX. STRUCTURE STARTING MATERIAL PARTNER ( C.) 

2O2 C C 165-6 

BOOH 
Cl O 

N 

C O y 
O N Cl 

y 
C O 

2O3 H H 119-20 

O O 

Cl O BOOH 

N 

C O y 
Cl O 

N 

y 
C O 

204 NO2 NO 199-2O1 

Cl O BOOH 

N 

C O y 
Cl O 

N 

y 
C O 
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TABLE 12-continued 

Example of Compound Synthesized by Method L 

COUPLING MP 

EX. STRUCTURE STARTING MATERIAL PARTNER ( C.) 

205 Cl I Cl 168-170 

Cl O 

BOOH 

N 
NH 

C O 
Cl O 

N 

y 
C O 

2O6 Br I Br 69-70 

Cl O BOOH 

N 

C O y 
Cl O 

N 

y 
C O 

2O7 OEt I OEt 70-2 

Cl O 

BOOH 

N 
NH 

C O 
Cl O 

y 
C O 
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TABLE 12-continued 

Example of Compound Synthesized by Method L 

COUPLING MP 

EX. STRUCTURE STARTING MATERIAL PARTNER ( C.) 

208 CF I CF 163-4 

Cl O 

BOOH 

N 
NH 

C O 
Cl O 

N 

y 
C O 

209 I 110-111 

o s 

O O 2 le 
Cl O 

HOOB 

N 

y 
C O Cl O 

N 

y 
C O 

210 I 75-76 

BOOH 

O Cl O 
C O y 

N Cl O 

C O 
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TABLE 12-continued 

Example of Compound Synthesized by Method L 

COUPLING MP 

EX. STRUCTURE STARTING MATERIAL PARTNER ( C.) 

211 I BOOH 80-1 

Cl O 

N 

y 
C O Cl O 

N 

y 
C O 

212 F I F 66-68 

Cl O BOOH 

N 

C O y 
Cl O 

N 

y 
C O 

213 I 18O-3 

FC FC 

COOH 
Cl O 

C O N y 
N Cl O 

C O 
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TABLE 12-continued 

Example of Compound Synthesized by Method L. 

COUPLING MP 
EX. STRUCTURE STARTING MATERIAL PARTNER ( C.) 

214 MeO I MeO 71-3 

Cl O BOOH 

N 

C O y 
O N Cl 

y 
C O 

Method LS exemplified by the synthesis of the compound of 25 Method M. Synthesis of Compounds using Carbonylative 
Example 182 (see Table 12) which was carried out as 
follows: In the manner taught by Miyaura, M; Yanagi, T, 
Suzuki, A. Synth. Commun. 1981, 11, 513, the starting 
material (0.24 g., 0.54 mmol) was mixed with phenylboric 
acid (0.73 g, 0.60 mmol), tetrakis-(triphenylphosphine) 
palladium(0)(0.31 g, 0.03 mmol), sodium carbonate (0.19 g, 
1.79 mmol), benzene (3.0 mL), water (1.0 mL), and ethanol 
(1.0 mL) and stirred under reflux for 12 h. The reaction 
mixture was then poured into EtOAc (70 mL) and washed 
Successively with water and Saturated acqueous NaCl. The 
organic layer was dried (Na2SO), filtered and concentrated 
in vacuo to afford 0.25 g of crude product. This material was 
purified by two Successive Silica gel chromatography col 
umns (1:3 then 1:1 EtOAc/Hexanes) to produce 0.11g 
(48%) of the compound of example 183. 

35 

40 

Pd Catalyzed Cross Coupling 
An appropriately Substituted arylboronic acid or aryl 

Stanane is mixed with an aryl halide or aryl triflate and a 
catalytic amount of tetrakis (triphenylphosphine)palladium 
in an appropriate Solvent System (Such as benzene contain 
ing ethanol and aqueous NaCO, DMF, NMP or THF) 
under an atmosphere of carbon monoxide. Other compo 
nents Such as, for example LiCl and triethylamine, may be 
added as necessary. The mixture is heated at between about 
50 and 150° C. for between about 2 and 48 h. The mixture 
is next cooled and diluted with an organic Solvent (Such as 
EtOAc). The organic phase was washed Successively with 
water and saturated aqueous NaCl, dried (as with NaSO) 
and concentrated to give an impure mixture from which the 
desired material is isolated using Silica gel chromatography. 
The compounds listed in Table 13 were produced via this 

method. 

TABLE 13 

Example of Compounds Synthesized by Method K 

EX. STRUCTURE 

215 

C 

COUPLING MP 

PARTNER ( C.) STARTING MATERIAL 

SnBus 60-2 
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TABLE 13-continued 

162 

Example of Compounds Swnthesized bw Method K 

EX. STRUCTURE 

216 

C 

C 

Method M is exemplified by the synthesis of the compound 
of Example 215 (see Table 13) which was carried out as 
follows: the starting material (0.23g, 0.53 mmol) was mixed 
with phenyltributylstannane (0.86 mL, 2.64 mmol), 
bistriphenylphosphine-palladium (II) chloride (0.037g, 0.05 
mmol), DMF (10.0 mL), and LiCl (5.1 mg, 1.6 mmol), the 
reaction mixture was then purged with argon, charged with 
CO and stirred at 115 C. for 12 h. The reaction mixture was 
then poured into 1 M tetrabutylammonium fluoride (10 mL), 
then diluted with 95 mL of EtOAc and washed successively 
with water and Saturated aqueous NaCl. The organic layer 
was dried (Na2SO), filtered and concentrated in vacuo to 
afford 1.2 g of crude product. This material was purified by 
Silica gel chromatography (1:3 EtOAc/Hexanes) to produce 
0.14 g (48%) of the compound of example 215. 
Method N. Electrophilic Aromatic Substitution 
Compounds containing aromatic rings can be modified by 

numerous reagents via electrophilic aromatic Substitution. 
These include techniques for acylation, nitration, Sulfona 
tion and halogenation of these rings. 

The compound listed in Table 14 was produced via this 
method. 

TABLE 1.4 

STARTING MATERIAL 

25 

35 

40 

45 

COUPLING MP 

PARTNER ( C.) 

SnBus 99-100 

The compound of Example 217 is one Such case and was 
prepared by the following procedure. A Solution of the 
starting material (0.4g, 1.1 mmol) in 1 mL of HOAc and 0.1 
mL of HS was treated with NaIO (0.05 g, 0.2 mmol) and 
I (0.06 g., 0.5 mmol). The mixture was then heated to 70 
C. for 19 h after which point it was cooled to ambient 
temperature, extracted several times into EtOAc. The EtOAc 
was concentrated and the product was isolated after purifi 
cation by silica gel chromatography. Yield: 33 mg (30%) 
Method O. Deprotection of Compounds Protected with 
Acid-abile Groups 
Compounds having acid-labile protecting groups may be 

deprotected by treatment under acidic conditions, in a 
known per Se manner. Generally this involves treating the 
substrate with TFA, cation exchange resin (H+), HCL or 
HBr in AcOH with or without heating. The compound thus 
formed is collected by filtration or extraction and purified, as 
by Silica gel chromatography or recrystallization, to afford 
the desired product. 
Compounds listed in Table 15 were produced via this 

general method. 

Example of Compound Synthesized by Method N 

EXAMPLE STRUCTURE STARTING MATERIAL 
MELTING POINT 

( C.) 

217 I 160-1 

Cl O Cl O 

N N 

y- y 
Cl O Cl O 
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TABLE 1.5 

Examples of Compounds Synthesized by Method O 

MELT 

EX- ING 

AM- POINT 

PLE STRUCTURE STARTING MATERIAL ( C.) 

218 195-6 

C O C O 

)-N )-N 

I C O C O 

219 139-40 

C O C O 

N N Sk 

X-----" X----- O O C O C O 

22O Br Br oil 

C O C O 

PO(OEt) y N P O( O H) 2 y N 
C 

221 Br Br oil 

C O C O 

C 
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TABLE 15-continued 

Examples of Compounds Synthesized by Method O 

165 

EX 

AM 

PLE STRUCTURE 

222 Br 

C O 

C O 

223 Br 

C 

C 

224 Br 

C 

Y l 
C NH 

225 Br 

C O 

C O 

Y Nu-1N1'w P O( O H) 2 

STARTING MATERIAL 

C O 

C O 

C 

C 

C 

C 

C O 

C 

Y Nu-1N1 P O( O Et )2 

MELT 

ING 

POINT 

( C.) 

Br oil 

''', 

Br 84-5 

'', 

Br 101-3 

risk O 

Br 76-7 
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TABLE 15-continued 

Examples of Compounds Synthesized by Method O 

MELT 

EX- ING 

AM- POINT 

PLE STRUCTURE STARTING MATERIAL ( C.) 

226 Br Br 75-7 

C O 
C O 

'' O 
N 

N '', y-N---> 
NS-1a1a-CO2H O C O 

C O 

227 Br Br 75-7 

C O C O 

O ''', O 
N N 

N N 
OH O 

C O C O 

228 Br Br 148-9 

C O C O 

N '', N “, 

y- y 
C O C O 

HO O O O 
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TABLE 15-continued 

Examples of Compounds Synthesized by Method O 

MELT 

EX- ING 

AM- POINT 

PLE STRUCTURE STARTING MATERIAL ( C.) 

229 Br Br 174-5 

C O C O 

N “, N y 

y- y 
C O C O 

OH Sk 
O O 

230 Br Br 2O7-8 

C O C O O 

N N --> 
N N H 
N. NH N 

C O C O 

231 Br Br 88-9 

C O C O 

N '', N “, 
N N 1. roups 

C O C O 
O O 
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TABLE 15-continued 

Examples of Compounds Synthesized by Method O 

EX 

AM 

PLE STRUCTURE STARTING MATERIAL 

232 Br Br 

C O C O 

'' '' O 
N '', OH N o 

N N 
NH2 N 

O O 
C O C O 1. 

O uk 

233 Br Br 

C O C O 

N '', O 
N s 

2. 
O N 

C C O 1. 

O uk 

234 Br Br 

C O C O 

N '', 
N - 

% 
N 

C C O 

MELT 

ING 

POINT 

( C.) 

196-7 

209-10 

133-4 
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TABLE 15-continued 

Examples of Compounds Synthesized by Method O 

MELT 
EX- ING 
AM- POINT 
PLE STRUCTURE STARTING MATERIAL ( C.) 

235 Br Br 168-70 

C O C O 

N “, N 

y- X 
O O N 

C O C O 1. 

O uk 
236 Br Br oil 

C O C O 

w III 

N '', N 

y- y 
C O C O 

N POOH N1 ( )2 N 
N-PO(O/Pr). 

237 Br Br not 
deter 
mined 

C O C O 

N ''', N “, 
N N 

O O 

O C O Nulls C Nulls -k 
OH O 

238 Br Br 50-4 

C 
C O 

C X-N NN-1'' O 
O H 

O H 
y-O NN O 

O 

O 

C O 
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Method O is exemplified by the synthesis of the compound 
of Example 219, which was carried out as follows: Astirred 
solution of the starting material (0.10g, 0.19 mmol) in 10 
mL of methylene chloride was chilled to 0°C. before adding 
2.0 mL of trifluoroacetic acid. Stirring at 0°C. was contin 
ued for 20 min and then the Solution was allowed to warm 
slowly to ambient temperature. The solution was stirred for 
an additional 6 hat which point it was concentrated yielding 
an off-white Solid which was further dried under vacuum for 
16 h. The crude Solid was next triturated with 10 mL of 

boiling hexanes and the mixture was allowed to cool to 
ambient temperature. The resulting white precipitate was 
collected via filtration, washed with 5 mL of hexanes and 
dried under high vacuum for 4h to afford 0.06 g (68% yield) 
of the compound from example 219. 
Method P. Saponification of Esters to Acids with Hydroxide 

Certain compounds having carboxylic esters may be 
converted to carboxylic acids by treatment with Saponifying 
reagents, in a known perse manner. Generally this involves 
treating the Substrate with NaOH, KOH or LiOH in a solvent 
Such as HO Sometimes containing a Solubilizing agent Such 
as THF. Purification generally involves extracting the unre 
acted Starting material with an organic Solvent Such as 
EtOAC or CHCl, acidification of the aqueous layer and 
purification of the acid by filtration or extraction into an 
organic solvent such as EtOAc or CHC1. Further purifi 
cation can be performed using recrystallization, Silica gel 
chromatography or reverse-phase HPLC, to afford the 
desired product. 
The compound listed in Table 16 was produced via this 

general method. 

TABLE 16 

5 

15 

25 

176 
Method Q. Cleavage of Pthalimide Protecting Group 

Primary amines can be protected as their pthalimide 
derivatives. These derivatives are rapidly Synthesized via 
method U using the potassium Salt of pthalimide as the 
nucleophile. The amine can be liberated from the pthalimide 
protecting group using nucleophilic reagents Such as hydra 
zine or methylamine in a solvent such as EtOH. Purification 
generally involves acidification of the aqueous layer and 
extracting the unreacted Starting material with an organic 
solvent such as EtOAc or CHCI Basification of the aque 
ous layer produces the free base of the amine which is 
purified by filtration or extraction into an organic Solvent 
such as EtOAc or CHC1. Further purification can be 
performed using recrystallization, Silica gel chromatography 
or reverse-phase HPLC, to afford the desired product. 

Examples of Compounds Synthesized by Method P. 

EXAMPLE STRUCTURE 

239 Br 

C O C 

N '', 

X- N 
C O C 

Example 239 (table 16) was prepared by dissolving the 
starting material (0.38 g., 0.65 mmol) in 4 mL of H2O and 
8 mL of MeOH containing LiOH (0.08 g, 1.95 mmol) and 
heating the mixture at 60° C. for 2.5 h. The MeOH was 
removed by concentration and the aqueous residue treated 
with 1 NHCl. The product was extracted into EtOAc from 
which it crystallized upon cooling. Yield 262 mg (72%). 

STARTING MATERIAL 
MELTING POINT 

( C.) 
Br 138-40 

MeOC 
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Compounds listed in Table 17 were produced via this 
general method. 

178 

TABLE 1.7 

Examples of Compounds Synthesized by Method Q. 

EX 
AMPLE STRUCTURE 

240 

C 

C 

241 

C 

C 

The compound of Example 240 was prepared by dissolv 
ing the starting material (prepare via method U, 0.72g, 1.2 
mmol) in 73 mL of EtOH and treating it with 19.5 mL of a 
33% solution of MeNH in EtOH. The mixture was heated 
under reflux for 2.5 h and then cooled to ambient tempera 
ture. The reaction mixture was concentrated and the residue 
was dissolved in CHCl which was further washed with 
HO and Saturated aqueous NaCl. The organic layer was 
dried (Na2SO) and concentrated. The yellow oil was dis 
solved in EtOH and treated with HCl gas. The amine 
hydrochloride of the compound of Example 240 was 
obtained in 69% yield (0.49 g). 

STARTING MATERIAL 

40 

45 

50 

MELTING 
POINT 

( C.) 
184-5 

208-9 

Method R. Conversion of Nitriles into Amidines 
Aromatic nitrites can be converted into amidine groups by 

Several methods. Generally this conversion requires a two 
Step process wherein the first Step involves treatment with 
acid (Such as, for example HCl) and an alcohol (Such as, for 
example MeOH or EtOH) to generate an intermediate imino 
ether. This derivative is then converted to the amidine via 
treatment with an amine. Purification is usually be way of 
recrystallization of a derivative salt of the amidine. Further 
purification can be performed using recrystallization, Silica 
gel chromatography or reverse-phase HPLC, to afford the 
desired product. 
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Compounds listed in Table 18 were produced via this 
general method. 

18O 

TABLE 1.8 

Examples of Compounds Synthesized by Method R. 

EXAMPLE STRUCTURE 

242 

Cl 

Cl 

243 

Cl 

Cl 

The compound of example 243 was prepared by dissolv 
ing the starting material (0.2g, 0.4 mmol) in 7 mL of EtOH, 
cooling the mixture in an ice bath, and treating the mixture 
with dry HCl gas for 15 min. The mixture was stirred at 
room temperature for 1 h and concentrated to yield the crude 
imino ether hydrochloride. The intermediate was dissolved 
s in EtOH (10 mL), cooled in an ice bath and treated with 
anhydrous NH3 gas for 20 min. After 5 h, the reaction 
mixture was concentrated to provide the crude amidine 
hydrochloride. This material was purified via Silica gel 
chromatography (1:9 MeOH:CHCl) to yield 0.08 g (38%) 
of the product. 

STARTING MATERIAL 

40 

45 

50 

MELTING POINT 

( C.) 
210-2 

CN 

180-1 

CN 

Method S. Reduction of Carboxylic Acids to Alcohols 
Certain compounds having carboxylic acids may be con 

verted to alcohols by treatment with reducing reagents, in a 
known per Se manner. Generally this involves treating the 
substrate with LiAlH or a BH-based reagent in a solvent 
such as THF or ether. After careful quenching with an 
aqueous System, purification generally involves extracting 
the product into organic Solvent Such as EtOAC or CH2Cl2 
and purification using recrystallization, Silica gel chroma 
tography or reverse-phase HPLC, to afford the desired 
product. 
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The compounds listed in Table 19 was produced via this 
general method. 

TABLE 19 

182 

Examples of Compound Synthesized by Method S. 

EXAMPLE STRUCTURE STARTING MATERIAL 
MELTING POINT 

( C.) 
244 Br Br 

Cl O Cl O O 

N OH N OH 
N N 

Cl O Cl O 

172-3 

The compound of example 244 was prepared by dissolv 
ing the starting material (prepare via methods J and O, 0.16 
g, 0.32 mmol) in 1 mL of THF, cooling the mixture in an ice 
bath and treating it with 0.65 mL of a 1 MBH-THF solution 
(0.65 mmol). The mixture was allowed to warm to ambient 
temperature and stir for 15 h. The reaction mixture was 
quenched by the slow and careful addition of water and the 
organic components were extracted into EtOAc. The EtOAc 
layer was washed with water, Saturated acqueous NaCl and 
dried over NaSO. concentration and Silica gel chromatog 
raphy (1:1 EtOAc:Hexanes) produced the desired compound 
(0.06 g., 42%). 

25 

35 

Method T. Deprotection of Compounds with Nucleophilic 
Reagents 

Certain compounds having methoxy protecting groups 
may be deprotected to the hydroxy derivative by treatment 
with certain nucleophilic reagents, in a known per Se man 
ner. Generally this involves treating the substrate with BBra 
or TMSI in a solvent such as CHCl, generally cooled in an 
ice bath and followed with or without heating. After between 
about 10 min and 8 h the reaction is quenched with a weak 
base Such as aqueous NaHCO and the organic component 
extracted into a Solvent Such as EtOAc and purified after 
concentration, as by Silica gel chromatography or 
recrystallization, to afford the desired product. 
Compounds listed in Table 20 were produced via this 

general method. 

TABLE 20 

Examples of Compounds Synthesized by Method T. 

EXAMPLE STRUCTURE 

245 

C 

STARTING MATERIAL 

MELTING POINT 

( C.) 

94-7 

OMe 
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TABLE 20-continued 

Examples of Compounds Synthesized by Method T. 

EXAMPLE STRUCTURE 

246 

Cl 

Cl 

247 

248 

Cl 

C 

Method T is exemplified by the synthesis of the compound 
of Example 246, which was carried out as follows: Astirred 
solution of the starting material (0.35 g, 0.64 mmol) in 9 mL 
of CH2Cl was chilled to 0°C. before adding 1.0 mL of BBra 
(1.07 mmol, 1 M CHCl). Stirring was continued and then 
the solution was allowed to warm slowly to ambient tem 
perature. The Solution was Stirred for an additional 4 h at 
which point it Saturated aqueous NaHCO was added, the 
organic layer was removed and concentrated yielding the 
crude product. Purification was performed by Silica gel 
chromatography (1:4EtOAc:Hexanes) yielding 0.16 g (48% 
yield) of the desired compound. 
Method U. Nucleophilic Displacement 
An appropriate electrophilic agent is dissolved in an 

aprotic solvent (such as DMF, THF or DMSO) and treated 

STARTING MATERIAL 

2) 
50 

55 

60 

MELTING POINT 

( C.) 
118-120 

OMe 

94-96 

MeO 

Br not determined 

OMe 
O 

N y-n 
O 

with one to three equivalents of a nucleophile (Such as 
MeN, Nasalt of imidazole, Na2SO, NaCN, P(OEt), or the 
Ksalt of Pthalimide at between about room temperature and 
100° C. The mixture stirred at between about 0 and 100° C. 
for up to about 24 h. (Progress of the reaction can be 
monitored using TLC). The solution is then cooled and 
diluted with an organic Solvent (Such as, for example, 
EtOAc). The organic phase is washed sequentially with 
dilute aqueous acid (such as 1 NHCl), and with water, dried 
(for example, over MgSO) and concentrated. The desired 
compound is purified, as by Silica gel chromatography, 
reverse-phase HPLC or by recrystallization. 

Compounds listed in Table 21 were produced via this 
general method. 

  
























































