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TETRAZOLYL-PHENYL ACETAMIDE 
GLUCOKINASE ACTIVATORS 

BACKGROUND OF THE INVENTION 

[0001] Glucokinase (GK) is one of four hexokinases found 
in mammals [ColoWick, S. P., in The Enzymes, Vol. 9 (P. 
Boyer, ed.) Academic Press, NeW York, NY, pages 1-48, 
1973]. The hexokinases catalyze the ?rst step in the metabo 
lism of glucose, i.e., the conversion of glucose to glucose 
6-phosphate. Glucokinase has a limited cellular distribution, 
being found principally in pancreatic [3-cells and liver paren 
chymal cells. In addition, GK is a rate-controlling enZyme 
for glucose metabolism in these tWo cell types that are 
knoWn to play critical roles in Whole-body glucose homeo 
stasis [Chipkin, S. R., Kelly, K. L., and Ruderman, N. B. in 
J oslin’s Diabetes (C. R. Khan and G. C. Wier, eds.), Lea and 
Febiger, Philadelphia, Pa., pages 97-115, 1994]. The con 
centration of glucose at Which GK demonstrates half-maxi 
mal activity is approximately 8 mM. The other three hex 
okinases are saturated With glucose at much loWer 
concentrations (<1 mM). Therefore, the ?ux of glucose 
through the GK pathWay rises as the concentration of 
glucose in the blood increases from fasting (5 mM) to 
postprandial (z10-15 mM) levels folloWing a carbohydrate 
containing meal [PrintZ, R. G., Magnuson, M. A., and 
Granner, D. K. in Ann. Rev. Nutrition Vol. 13 (R. E. Olson, 
D. M. Bier, and D. B. McCormick, eds.), Annual RevieW, 
Inc., Palo Alto, Calif., pages 463-496, 1993]. These ?ndings 
contributed over a decade ago to the hypothesis that GK 
functions as a glucose sensor in [S-cells and hepatocytes 
(Meglasson, M. D. and Matschinsky, F. M.Amer. J. Physiol. 
246, E1-E13, 1984). In recent years, studies in transgenic 
animals have con?rmed that GK does indeed play a critical 
role in Whole-body glucose homeostasis. Animals that do 
not express GK die Within days of birth With severe diabetes 
While animals overexpressing GK have improved glucose 
tolerance (Grupe, A., Hultgren, B., Ryan, A. et al., Cell 83, 
69-78, 1995; Ferrie, T., Riu, E., Bosch, F. et al., FASEB J., 
10, 1213-1218, 1996). An increase in glucose exposure is 
coupled through GK in [3-cells to increased insulin secretion 
and in hepatocytes to increased glycogen deposition and 
perhaps decreased glucose production. 

[0002] The ?nding that type II maturity-onset diabetes of 
the young (MODY-2) is caused by loss of function muta 
tions in the GK gene suggests that GK also functions as a 
glucose sensor in humans (Liang, Y., Kesavan, P., Wang, L. 
et al., Biochem. J. 309, 167-173, 1995). Additional evidence 
supporting an important role for GK in the regulation of 
glucose metabolism in humans Was provided by the identi 
?cation of patients that express a mutant form of GK With 
increased enZymatic activity. These patients exhibit a fasting 
hypoglycemia associated With an inappropriately elevated 
level of plasma insulin (Glaser, B., Kesavan, P., Heyman, M. 
et al., New England J. Med. 338, 226-230, 1998). While 
mutations of the GK gene are not found in the majority of 
patients With type II diabetes, compounds that activate GK 
and, thereby, increase the sensitivity of the GK sensor 
system Will still be useful in the treatment of the hypergly 
cemia characteristic of all type II diabetes. Glucokinase 
activators Will increase the ?ux of glucose metabolism in 
[3-cells and hepatocytes, Which Will be coupled to increased 
insulin secretion. Such agents are useful for treating type II 
diabetes. 
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SUMMARY OF THE INVENTION 

[0003] This invention provides a tetraZole selected from 
the group consisting of a compound of the formula: 

I-A 

R3 

[CH2]11 

I A N—R4 
or 

0 
R1 

R2 
I-B 

R3 

[CH2]11 

* §_R4 

0 
R1 

R2 

[0004] Where one of R1 or R2 is 

/N R5 

“I / 
N—N 

[0005] (this tetraZole is linked to the remainder of the 
molecule by the N, as represented here) and the other is 
hydrogen, halogen, loWer alkyl sulfonyl, per?uoro-loWer 
alkyl, cyano, or nitro; R3 is cycloalkyl; R4 is —C(O)— 
NHR6 or a ?ve- or six-membered heteroaromatic ring con 
nected by a ring carbon atom to the amide group shoWn, 
Which heteroaromatic ring contains from 1 to 3 heteroatoms 
selected from the group consisting of oxygen, sulfur and 
nitrogen With a ?rst heteroatom being nitrogen adjacent to 
the connecting ring carbon atom, said heteroaromatic ring 
being unsubstituted or monosubstituted With halogen at a 
position on a ring carbon atom other than that adjacent to 
said connecting carbon atom; n is 0 or 1; R5 is loWer alkyl, 
or per?uoro loWer alkyl; R6 is hydrogen or loWer alkyl; and 
pharmaceutically acceptable salts of the tetraZole. 

[0006] Formula I-A depicts the isomeric bond When it is 
not hydrogenated. Formula I-B depicts the bond When it is 
hydrogenated. Accordingly the A denotes a trans con?gu 
ration across the double bond in formula I-A, and the * 
represents the asymmetric carbon atom in formula I-B. 
TetraZoles Which are compounds of formula I-B are prefer 
ably in the R con?guration. 

[0007] The compounds of formula IA or IB are glucoki 
nase activators useful for increasing insulin secretion in the 
treatment of type II diabetes. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0008] One embodiment of formula I-A or of formula I-B 
is a tetraZole Where R4 is a ?ve- or siX-membered heteroaro 
matic ring connected by a ring carbon atom to the amide 
group shoWn, Which heteroaromatic ring contains from 1 to 
3 heteroatoms selected from the group consisting of oxygen, 
sulfur and nitrogen With a ?rst heteroatom being nitrogen 
adjacent to the connecting ring carbon atom, said heteroaro 
matic ring being unsubstituted or monosubstituted With 
halogen at a position on a ring carbon atom other than that 
adjacent to said connecting carbon atom. Formula I-A1 
represents this embodiment as a compound of formula I-A, 
and Formula I-B 1 represents this embodiment as a com 
pound of formula I-B. 

[0009] Another embodiment of formula I-A or formula I-B 
is a tetraZole Where R4 is —C(O)—NHR6 Where R6 is 
hydrogen or loWer alkyl. Formula I-A2 represents this 
embodiment as a compound of formula I-A. Formula I-B2 
represents this embodiment as a compound of formula I-B. 

[0010] In most tetraZoles of this invention, it is preferred 
that R1 be 

[0011] It is also preferred that R5 be loWer alkyl (such as 
methyl). It is further preferred that R3 be cyclopentyl, 
although cycloheXyl and cycloheptyl are also possible. 
When R4 is a siX-membered heteroaromatic ring, it is 
preferably substituted or unsubstituted pyridine. When R4 is 
a S-membered heteroaromatic ring, it is preferably substi 
tuted or unsubstituted thiaZole. When substituted, either ring 
is preferably monosubstituted, and the preferred substituent 
is halogen such as bromo. R2 is preferably halogen (such as 
?uoro or chloro) or per?uoro loWer alkyl (such as tri?uo 
romethyl) and R6 is preferably methyl. Thus, a tetraZole of 
formula IA or IB may include any one or more of these 

conditions in any selected combination. In addition, any one 
or more of these conditions may be applied to any tetraZole 
of this invention as described herein. For example, in any 
tetraZole of this invention With substituted pyridine, the 
preferred substituent is bromo. 

[0012] In particular, in tetraZoles of formula I-A1, R1 is 

[0013] R5 is loWer alkyl, and R3 is cyclopentyl (formula 
I-A1a). In one embodiment of formula I-A1a, R4 is a 
siX-membered heteroaromatic ring, in particular substituted 
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or unsubstituted pyridine. In such a tetraZole, R2 may be 
halogen. An eXample is: 

[0014] (E)-N-(5-bromo-pyridin-2-yl)-3-cyclopentyl-2 
[3—?uoro-4-(5-methyl-tetraZol-1-yl)-phenyl]-acryla 
mide 

[0015] In another embodiment of formula I-A1a, R4 is a 
S-membered heteroaromatic ring, in particular substituted or 
unsubstituted thiaZole. In such a tetraZole, R2 may be halo 
gen or per?uoro loWer alkyl, or R2 may be loWer alkyl 
sulfonyl. EXamples of the former tetraZoles are 

[0016] (E)—3-cyclopentyl-2-[4-(5-methyl-tetraZol-1-yl) 
3-tri?uoromethyl-phenyl-]-N-thiaZol-2-yl-acrylamide 

[0017] (E)—4-cyclopentyl-2-[4-(5-methyl-tetraZol-1-yl) 
3-tri?uoromethyl-phenyl-]-but-2-enoic acid-thiaZol-2 
ylamide 

[0018] (E)-2-[3-chloro-4-(5-methyl-tetraZol-1-yl)-phe 
nyl]—3-cyclopentyl-N-thiaZol-2-yl-acrylamide 

[0019] (E)-3-cyclopentyl-2-[3-?uoro—4-(5-methyl-tet 
raZol-1-yl)-phenyl]-N-thiaZol-2-yl-acrylamide 

[0020] An eXample of the latter tetraZole is 

[0021] (E)-3-cyclopentyl-2-[3-methanesulfonyl-4-(5 
methyl-tetraZol-1-yl)-phenyl-]-N-thiaZol-2-yl-acryla 
mide 

[0022] In another tetraZole of formula I-A1, R1 is 

[0023] R2 is halogen and R4 is substituted or unsubstituted 
thiaZole. In these tetraZoles, R5 is loWer alkyl or per?uoro 
loWer alkyl. R3 may be cycloheXyl, as in 

[0024] (E)-2-[3-chloro-4-(5-methyl-tetraZol-1-yl)-phe 
nyl]—3-cycloheXyl-N-thiaZol-2-yl-acrylamide 

[0025] (E)-2-[3-chloro—4-(5-tri?uoromethyl-tetraZol-1 
yl)-phenyl]—3-cycloheXyl-N-thiaZol-2-yl-acrylamide 

[0026] Or R3 may be cycloheptyl, as in 

[0027] (E)-2-[3-chloro-4-(5-methyl-tetraZol-1-yl)-phe 
nyl]—3-cycloheptyl-N-thiaZol-2-yl-acrylamide 

[0028] (E)-N-(5-bromo-thiaZol-2-yl)-2-[3-chloro-4-(5 
methyl-tetraZol-1-yl)-phenyl]-3-cycloheptyl-acryla 
mide 

[0029] This invention is also directed to tetraZoles of 
formula I-A2 (ie. tetraZoles of formula I-A) Where R4 is 
—C(O—NHR Where R6 is hydrogen or loWer alkyl. In 
preferred such tetraZoles, R1 is 
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[0030] R5 is lower alkyl, R3 is cyclopentyl, and R6 is 
methyl, especially Where R2 is halogen. An example of such 
a tetraZole is 

[0031] (E)- 1 -{3-cyclopentyl-2-[3—?uoro-4-(5-methyl 
tetraZol- 1-yl)-phenyl-acryloyl}3-methyl-urea 

[0032] This invention is also directed to tetraZoles of 
formula I-B, for example tetraZoles of formula I-B1 (Where 
R4 is a ?ve- or six-membered heteroaromatic ring as 
described in detail above). In such tetraZoles, R1 is prefer 
ably 

[0033] R5 is loWer alkyl, and R3 is cyclopentyl (formula 
I-B1a). In one embodiment of formula I-B1a, R4 is a 
six-membered heteroaromatic ring, in particular substituted 
or unsubstituted pyridine. In such a tetraZole, R2 may be 
halogen. Examples of such tetraZoles are 

[0034] N-(S -bromo -pyridin-2-yl) —3 -cyclopentyl-2-[3 
?uoro—4-(5-methyl-tetrazol- 1 -yl) -phenyl]-propionamide 

[0035] N-(S -bromo -pyridin-2-yl) —3 -cyclopentyl-2-[3 
chloro —4-(5 -methyl-tetraZol-1 -yl) -phenyl] -propionamide 

[0036] Alternatively, R2 may be per?uoro loWer alkyl, for 
example in 

[0037] N-(S-bromo-pyridin-2-yl)-3-cyclopentyl-2-[4 
(5 -methyl-tetraZol- 1-yl)-3-tri?uoromethyl-phenyl] 
propionamide 

[0038] In another embodiment of formula I-B1a, R4 is a 
S-membered heteroaromatic ring, in particular substituted or 
unsubstituted thiaZole. In such a tetraZole, R2 may be halo 
gen or per?uoro loWer alkyl, or R2 may be loWer alkyl 
sulfonyl. Examples of these tetraZoles are 

[0039] 3-cyclopentyl-2-[3-?uoro—4-(5 -methyl-tetraZol 
1 -yl) -phenyl]—N-thiaZol-2-yl-propionamide 

[0040] 2-[3 -chloro-4-(5 -methyl-tetraZol-1 -yl)-phenyl] 
3-cyclopentyl—N-thiaZol-2-yl-propionamide 3-cyclo 
pentyl-2-[4-(5 -methyl-tetraZol-1 -yl)-3-tri?uoromethyl 
phenyl]-N-thiaZol-2-yl-propionamide 

[0041] In another tetraZole of formula I-B1, R1 is 

[0042] R3 is cyclohexyl and R4 is substituted or unsubsti 
tuted thiaZole. In these tetraZoles, R2 is halogen. R5 may be 
loWer alkyl as in 2-[3-chloro—4-(5-methyl-tetrazol-1-yl) 
phenyl]-3-cyclohexyl-N-thiaZol-2-yl-propionamide or per 
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?uoro loWer alkyl as in 2-[3-chloro—4-(5-tri?uoromethyl 
tetraZol-1-yl)-phenyl]—3-cyclohexyl-N-thiaZol-2-yl 
propionamide. 
[0043] In any tetraZoles of this invention, R2 and R1 can be 
exchanged so that R2 is 

[0044] in particular certain tetraZoles of formula I-B1. In 
these tetraZoles, it is preferred that R1 is loWer alkyl sulfonyl, 
R4 is substituted or unsubstituted thiaZole, and R3 is cyclo 
pentyl. An example of such a tetraZole is 

[0045] 3-cyclopentyl—2-[4-methanesulfonyl-3—(5-methyl 
tetraZol- 1-yl)-phenyl]—N-thiaZol-2-yl-propionamide 

[0046] This invention is also directed to tetraZoles of 
formula I-B2 (ie. tetraZoles of formula I-B) Where R4 is 
—C(O)—NHR Where R6 is hydrogen or loWer alkyl. In 
such tetraZoles, it is preferred that R1 is 

[0047] R3 is cyclopentyl, R6 is methyl, and R2 is per?uoro 
loWer alkyl or halogen. Examples of such tetraZoles are 

[0048] 1- {3-cyclopentyl-2-[4-(5 -methyl-tetraZol-1 -yl) 
3-tri?uoromethyl-phenyl} -propionyl-3 -methyl-urea 

[0049] 1- {2-[3 -chloro-4-(5 -methyl-tetraZol-1 -yl)-phe 
nyl]-3-cyclopentyl-propionyl-3-methyl-urea 

[0050] As used herein, the term “loWer alkyl” means 
straight chain or branched chain alkyl groups having from 1 
to 4 carbon atoms, such as methyl, ethyl, propyl, isopropyl, 
preferably methyl and ethyl. As used herein, “cycloalkyl” 
means a saturated hydrocarbon ring having from 3 to 8 
carbon atoms, preferably from 5 to 7 carbon atoms. As used 
herein, “per?uoro-loWer alkyl” means any loWer alkyl group 
Wherein all of the hydrogens of the loWer alkyl group are 
substituted or replaced by ?uoro, such as tri?uoromethyl, 
penta?uoroethyl, hepta?uoropropyl, etc. 

[0051] As used herein, “loWer alkyl sulfonyl” means a 
loWer alkyl group as de?ned above bound to the rest of the 
molecule through the sulfur atom in the sulfonyl group. 

[0052] As used herein, the term “halogen” or “halo” 
unless otherWise stated designates all four halogens, i.e. 
?uorine, chlorine, bromine and iodine (?uoro, chloro, 
bromo, and iodo). 
[0053] The heteroaromatic ring de?ned by R4 is ?ve- or 
six-membered heteroaromatic ring (eg an aromatic ring 
having at least one heteroatom) Which is connected by a ring 
carbon to the amide group shoWn in formula IA or formula 
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IB. This ring has from 1 to 3 heteroatoms selected from the 
group consisting of oxygen, nitrogen, and sulfur. The nitro 
gen is found adjacent to the connecting ring carbon atom. 
Preferred heteroaromatic rings include pyridinyl and thiaZ 
olyl. The rings may be unsubstituted, or mono-substituted 
With a halogen at a position on a ring carbon Which is not 
adjacent to the connecting ring carbon atom. 

[0054] The term “trans” as used herein designates that the 
largest substituents attached across the double bond are on 
opposite sides of the double bond and have the “E” con 
?guration. The term “cis” designates that the tWo largest 
substituents attached across the double bond are on the same 
side as the double bond. 

[0055] In the compounds of formula I-B, the desig 
nates the asymmetric carbon atom in the compounds With 
the R optical con?guration being preferred. The compounds 
of formula I-B may be present in the R form or as a racemic 
or other miXture of compounds having the R and S optical 
con?guration at the asymmetric carbon shoWn. The pure R 
enantiomers are preferred. As stated above, the compounds 
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of this invention are useful as glucokinase activators for 
increasing insulin secretion for treatment of type II diabetes. 
Compounds of formula I-A having the trans con?guration 
across the double bond (represented by the A) have this 
glucokinase activity. 

[0056] The term “pharmaceutically acceptable salts” as 
used herein include any salt With both inorganic or organic 
pharmaceutically acceptable acids such as hydrochloric 
acid, hydrobromic acid, nitric acid, sulfuric acid, phosphoric 
acid, citric acid, formic acid, maleic acid, acetic acid, 
succinic acid, tartaric acid, methanesulfonic acid, para 
toluene sulfonic acid and the like. The term “pharmaceuti 
cally acceptable salts” also includes any pharmaceutically 
acceptable base salt such as amine salts, trialkyl amine salts 
and the like. Such salts can be formed quite readily by those 
skilled in the art using standard techniques. 

[0057] The three Schemes that folloW demonstrate hoW to 
make tetraZoles of formulae IA or IE from knoWn starting 
materials. 

Scheme 1 
Tetrazole Starting Materials 

I II 

X X X 
R5 

R5 
—> —> 

\ 
HZN c1 N / N 

N l 
R2 2 \NéN R2 

X = I or Br 

III IV 

X X 
o , 

)L —' 
N >\ N H / | 

2 2 
R \N¢N R 

I’ H’ 

X X X 

—> —> 

R1 R1 R1 

5 NH2 N R N\ 
N 

X = I or Br L \ // 
c1 N—N 
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-continued 

III’ IV' 

X X 

—> 

R1 R1 

NH R5’ N\ 

\ //N 
O N—N 

R5’ is lower alkyl 

Scheme 2 
Synthesis of Tetrazole-Olefins 

Va VI HT< (CH2)?! H 

M : Zn, Mg I \Ra 
I Vb X = I, Br, C1 

3 Ra : lower alkyl O II, II’, IV, or IV' 
R —(CH2)n—MgC1(Br) 

R3—(CH2)n—I X 

v 

1 
R X = Br, I 

R2 

R3 R3 VIII 

IX 
(CH2)n H (CH2)n H 

I A OH <_ I A o\ 
Ra 

o o 
R1 R1 

R2 R2 

H 
, HZN N 

R4—NH2 
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-continued 
R3 R3 

(CH2)n H XI 
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R4, is a five or siX-membered heteroaromatic ring as defined in formula I 

Scheme 3 
Synthesis of Racemic Tetrazoles 

R1 

XIII 

OH 

R2 

-continued 

R4, is a five or siX-membered heteroaromatic ring as defined in formula I 

[0058] R1, R2, R3, R4, R5, and n are as in formulae I-A and 
I-B. As shown in the Schemes, the R1 and R2 positions are 
interchangeable. Therefore the Schemes include and dem 
onstrate the same reactions, intermediates, and compounds 
With the tetraZole or its precursors in the R2 position and the 
other Rl/R2 variables (hydrogen, halogen, loWer alkyl sul 
fonyl, per?uoro loWer alkyl, cyano, or nitro) in the R1 
position and vice versa. 

[0059] The compounds of this invention are produced by 
reacting phenyl-substituted tetraZoles (II, II‘, IV, or IV‘) With 
cycloalkyl-substituted acrylic acid loWer alkyl esters (VII) to 
obtain tetraZolyl-phenyl cycloalkyl propenoic ester (VIII), 
Which is hydrolyzed or reduced and hydrolyzed to give the 
corresponding propenoic or acrylic acid (IX or XIII), to 
Which is added the desired heteroaromatic ring or urea/ 
substituted urea to obtain a compound of formula I-A or 
formula I-B. The phenyl-substituted tetraZoles (II, II‘, IV, or 
IV‘) may be produced from the appropriate substituted 
anilines Which are knoWn and available materials or can be 
produced by a skilled person from knoWn materials. The 
cycloalkyl-substituted acrylic acid loWer alkyl esters may be 
produced from cycloalkyl halides, Which are similarly 
knoWn and available materials or can be produced by a 
skilled person from knoWn materials. These reactions are 
discussed in more detail beloW. 

[0060] Scheme 1 shoWs hoW to obtain starting materials 
for compounds of this invention. For compounds Where R5 
is loWer alkyl or per?uoro loWer alkyl, substituted aniline I 
is reacted With loWer alkyl or per?uoro loWer alkyl carboXy 
lic acid (corresponding to R5) using conventional methods 
for converting an amine to an imine, for example in a 
suspension of triphenylphosphine in carbon tetrachloride 
treated With an organic base such as triethylamine. Accord 
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ingly the reaction proceeds by Way of an imidoyl halide (e.g. 
chloride) intermediate, Which is reacted With an aZide such 
as sodium aZide as to obtain tetraZole II by conventional 
methods for tetraZole formation from an imidoyl chloride. 

[0061] For compounds of this invention Where R5 is loWer 
alkyl, an alternate route is acylation of aniline I as described 
above to acetamide III under standard conditions (such as 
acetic anhydride in tetrahydrofuran), folloWed by reaction 
With an aZide to obtain tetraZole IV by conventional methods 
for tetraZole formation from a loWer alkyl amide. 

[0062] Aniline I Where X is either iodo or bromo and 
either of R1 or R2 is hydrogen, nitro, ?uorine, chlorine, 
bromine, thiol, and tri?uoromethyl or Where R1 is thiom 
ethyl or Where R2 is cyano, is knoWn and commercially 
available, and may also be made by a skilled chemist from 
knoWn materials. Other aniline I compounds may be made 
by a skilled chemist from knoWn materials. 

[0063] For eXample aniline 1 Where R1 or R2 is C1-C4 
loWer alkyl sulfonyl can be made from aniline I Where R1 or 
R2 is thiol. The thiol is alkylated under standard conditions 
to provide the loWer alkyl thio, Which can then be oXidiZed 
to the corresponding loWer alkyl sulfonyl. Any conventional 
method of oxidizing alkyl thio substituents to sulfones can 
be used to effect this conversion. 

[0064] Aniline I Where R1 is cyano (and X is bromo) can 
be made from aniline I Where R1 is nitro and X is bromo by 
reducing the nitro to an amine by any conventional method, 
then diaZotiZing the amine to the corresponding diaZonium 
salt, and reacting With a standard cyano group transferring 
agent to obtain aniline I Where R1 is cyano. 

[0065] Aniline I Where R1 or R2 are per?uoro loWer alkyl 
can be made from the corresponding halo compounds of 
formula VIII. Any conventional method for converting an 
aromatic halo group to a desired per?uoro loWer alkyl group 
may be used (see for eXample, Katayama, T.; Umeno, M., 
Chem. Lett. 1991, 2073; Reddy, G. S.; Tam., Organometal 
lics, 1984, 3, 630; Novak, J.; Salemink, C. A., Synthesis, 
1983, 7, 597; Eapen, K. C.; Dua, S. S.; Tamboroski, C., J. 
Org. Chem. 1984, 49, 478; Chen, Q, -Y.; Duan, J. -X. J. 
Chem. Soc. Chem. C0mm. 1993, 1389; Clark, J. H.; McClin 
ton, M. A.; Jone, C. W.; Landon, P.; Bisohp, D.; Blade, R. J., 
Tetrahedron Lett. 1989, 2133; PoWell, R. L.; Heaton, C. A, 
US. Pat. No. 5,113,013). 

[0066] Aniline IWhere R1 or R2 is iodo may be made from 
the corresponding nitro compounds of formula VIII. The 
nitro is reduced to an amine and the amine is diaZotiZed to 
the diaZonium salt, Which is then converted to the iodo 
compound by conventional methods (see for eXample Lucas, 
H. J. and Kennedy, E. R., Org. Synth. Coll. Vol. II 1943, 
351). 
[0067] For compounds of formula I-A, the above tetra 
Zoles are coupled With acrylic acid loWer alkyl ester (VIII) 
to ultimately provide tetraZolyl-phenyl cycloalkyl propenoic 
acid IX to Which may be coupled a heteroaromatic amine or 
a urea or loWer alkyl urea to obtain a compound of formula 
I-A. 

[0068] Scheme 2 shoWs hoW to obtain compounds of 
formula I-A in more detail. R3 is cycloalkyl. To obtain 
cycloalkyl-2-iodo-acrylic acid methyl ester VII, organoZinc 
reagent Va (obtained by conventional methods from com 
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mercially available iodide V) or commercially available 
Grignard reagent Vb and soluble copper reagent is reacted 
With loWer alkyl propiolate in a regio- and stereo-selective 
1,4-conjugate addition to obtain a vinylcopper intermediate 
Which upon iodonolysis under standard conditions produces 
VII Where R3 and the iodo substituent are in syn relationship 
to each other. The addition operates by Way of a cycloalkyl 
copper cyano Zinc or magnesium halide intermediate 
obtained by treating Va or Vb With copper cyanide and 
lithium chloride in an aprotic solvent such as tetrahydrofu 
ran. Compound VII is then reacted With activated Zinc metal 
(Knochel and Rao, Tetrahedron 49:29, 1993) to give a 
vinylZinc intermediate Which may be coupled With either 
compound II or compound IV in the presence of a source of 
Pd(0) to give tetraZole-phenyl-cycloalkyl-acrylic acid 
methyl ester VIII With the phenyl-substituted tetraZole 
replacing the iodide to yield the trans orientation across the 
double bond. 

[0069] Compound VIII is then hydrolyZed under standard 
alkaline conditions to the corresponding acid IX. Heterocy 
clic compound X may then be formed by coupling the 
desired heteroaromatic amine to compound IX under con 
ventional conditions for adding an amine to an acid. Urea 
compound XI may be obtained by coupling urea or loWer 
alkyl urea to compound IX under conventional conditions 
for converting an acid to a urea. 

[0070] Compound VIII is the starting material for com 
pounds of formula I-B. As shoWn in Scheme 3, these 
compounds may be obtained by reducing compound VIII to 
tetraZole-phenyl-cycloalkyl propanoic acid loWer alkyl ester 
XII. This can be accomplished using conventional metal 
catalysts such as nickel in the presence of a reducing agent 
under standard conditions. Compound XII is then hydro 
lyZed under standard conditions to provide the correspond 
ing acid XIII. Heterocyclic compound XIV may then be 
formed by coupling the desired heteroaromatic amine to 
compound XIII under conventional conditions for adding an 
amine to an acid. Urea compound XV may be obtained by 
coupling urea or loWer alkyl urea to compound XIII under 
conventional conditions for converting an acid to a urea. 

[0071] If it is desired to produce the R enantiomer of the 
compound of formula I-B free of the other enantiomers, the 
compound of formula XIII can be separated into this isomer 
from its racemate by any conventional chemical means. 
Among the preferred chemical means is to react the com 
pound of formula XIII With an optically active base. Any 
conventional optically active base can be utiliZed to carry 
out this resolution. Among the preferred optically active 
bases are the optically active amine bases such as alpha 
methylbenZylamine, quinine, dehydroabietylamine and 
alpha-methylnaphthylamine. Any of the conventional tech 
niques utiliZed in resolving organic acids With optically 
active organic amine bases can be utiliZed in carrying out 
this reaction. 

[0072] In the resolution step, the compound of formula 
XIII is reacted With the optically active base in an inert 
organic solvent medium to produce salts of the optically 
active amine With both the R and S isomers of the compound 
of formula XIII. In the formation of these salts, temperatures 
and pressure are not critical and the salt formation can take 
place at room temperature and atmospheric pressure. The R 
and S salts can be separated by any conventional method 



US 2002/0035266 A1 

such as fractional crystallization. After crystallization, each 
of the salts can be converted to the respective compounds of 
formula XIII in the R and S con?guration by hydrolysis With 
an acid. Among the preferred acids are dilute aqueous acids, 
i.e., from about 0.001N to 2N aqueous acids, such as 
aqueous sulfuric or aqueous hydrochloric acid. By means of 
measuring the optical rotation of the optically pure crystal 
liZed acid of formula XIII, one can obtain the con?guration 
of this crystalline material. If this crystalliZed acid has a 
negative rotation, then this crystalliZed acid has the R 
con?guration. The con?guration of formula XIII Which is 
produced by this method of resolution is carried out through 
out the entire reaction scheme to produce the desired R of 
formula IB. The separation of R and S isomers can also be 
achieved using an enZymatic ester hydrolysis of any loWer 
alkyl esters corresponding to the compound of the formula 
XII (see, for example, Ahmar, M.; Girard, C.; Bloch, R., 
Tetrahedron Lett, 1989, 7053), Which results in the forma 
tion of corresponding chiral acid and chiral ester. The ester 
and the acid can be separated by any conventional method 
of separating an acid from an ester. The preferred method of 
resolution of racemates of the compounds of the formula 
XIII is via the formation of corresponding diastereomeric 
esters or amides. These diastereomeric esters or amides can 
be prepared by coupling the carboxylic acids of the formula 
XIII With a chiral alcohol or a chiral amine. This reaction can 
be carried out using any conventional method of coupling a 
carboxylic acid With an alcohol or an amine. The corre 
sponding diastereomers of compounds of the formula XIII 
can then be separated using any conventional separation 
methods. The resulting pure diastereomeric esters or amides 
can then be hydrolyZed to yield the corresponding pure R 
and S isomers. The hydrolysis reaction can be carried out 
using any conventional method to hydrolyZe an ester or an 
amide Without racemiZation. 

[0073] All of the compounds of formula IA or formula IB 
described in the Examples activated glucokinase in vitro in 
accordance With the procedure described in Example A. 

[0074] The folloWing compounds Were tested and found to 
have excellent glucokinase activating activity in vivo When 
administered orally in accordance With the procedure 
described in Example B. 

[0075] N-(5-bromo-pyridin-2-yl)-3-cyclopentyl-2-[3 
chloro -4-(5-methyl-tetraZol- 1 -yl) -phenyl]-propiona 
mide 

[0076] N-(5-bromo-pyridin-2-yl)-3-cyclopentyl-2-[4 
(5 -methyl-tetraZol- 1-yl)-3-tri?uoromethyl-phenyl] 
propionamide 

[0077] 3-Cyclopentyl-2-[4-(5-methyl-tetraZol- 1-yl)-3 
tri?uoromethyl-phenyl]-N-thiaZol-2-yl-propionamide 

[0078] (E)-2-[3-chloro-4-(5 -methyl-tetraZol- 1-yl)-phe 
nyl]-3-cyclohexyl-N-thiaZol-2-yl-acrylamide 

[0079] (E)-2-[3-chloro-4-(5 -tri?uoromethyl-tetraZol-1 - 
yl)-phenyl]-3-cyclohexyl-N-thiaZol-2-yl-acrylamide 

[0080] (E)-2-[3-chloro-4-(5 -methyl-tetraZol- 1-yl)-phe 
nyl]-3-cycloheptyl-N-thiaZol-2-yl-acrylamide 

[0081] (E)-N-(5 -bromo -thiaZol-2-yl)-2-[3 -chloro-4-(5 - 
methyl-tetraZol-1 -yl) -phenyl] -3 -cycloheptyl-acryla 
mide 
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[0082] (E)-2-[3-chloro-4-(5 -methyl-tetraZol- 1-yl)-phe 
nyl]-3-cyclopentyl-N-thiaZol-2-yl-acrylamide 

[0083] (E)-3-cyclopentyl-2-[3-?uoro-4-(5 -methyl-tet 
raZol-1 -yl) -phenyl] -N-thiaZol-2-yl- acrylamide 

[0084] This invention Will be better understood from the 
folloWing examples, Which are for purposes of illustration 
and are not intended to limit the invention de?ned in the 
claims that folloW thereafter. 

EXAMPLE 1 

2-[4-[(5-methyl)-1-tetraZolyl]-3-?uoro phenyl]-3 
cyclopentyl N-thiaZol-2-yl propionamide 

[0085] 

H3 0 NY} 
/ 

[0086] A solution of 2-?uoro-4-iodoaniline (4.74 g, 20 
mmol) in dry tetrahydrofuran (20 mL) Was cooled to 0° C. 
and then treated With acetic anhydride (8.2 g, 80 mmol). The 
reaction mixture Was stirred for 10 min at 0° C. and then Was 
alloWed to Warm to 25 ° C. Where it Was stirred for 2 h. After 
this time, thin layer chromatography analysis of the reaction 
mixture indicated the absence of starting material. The 
reaction mixture Was then concentrated in vacuo to afford a 
crude residue. The residue precipitated from diethyl ether 
(50 mL) and hexanes (50 mL). The solid Was collected by 
?ltration and Washed With hexanes to afford N-(2-?uoro-4 
iodo-phenyl)-acetamide (5.12 g, 92%) as a White crystalline 
solid: mp 152-154° C.; EI-HRMS m/e calcd for C8H7FINO 
(M+) 278.9556, found 278.9559. 

[0087] A suspension of N-(2-?uoro-4-iodo-phenyl)-aceta 
mide (5 g, 18.24 mmol) in acetonitrile (100 mL) Was cooled 
to 0° C. and then treated With sodium aZide (3.56 g, 54.7 
mmol). The reaction mixture Was then treated With tri?uo 
romethanesulfonic anhydride (13.6 g, 48 mmol). The result 
ing reaction mixture Was alloWed to Warm to 25° C. Where 
it Was stirred overnight, at Which time, thin layer chroma 
tography analysis of the reaction mixture indicated the 
absence of starting material. The reaction mixture Was then 
concentrated in vacuo. The resulting residue Was diluted 
With ethyl acetate (100 mL) and Water (100 mL). The tWo 
layers Were separated, and the aqueous layer Was extracted 
With ethyl acetate (1><50 mL). The combined organic 
extracts Were Washed With a saturated aqueous sodium 
chloride solution (1><100 mL), dried over anhydrous mag 
nesium sulfate, ?ltered, and concentrated in vacuo. Biotage 
chromatography (FLASH 40M, Silica, 4/1 hexanes/ethyl 
acetate) afforded 1-(2-?uoro-4-iodo-phenyl)-5-methyl-1H 
tetraZole (3.45 g, 62%) as a White solid: mp 122-124° C.; 
EI-HRMS m/e calcd for C8H6FIN4 (M+) 303.9621, found 
303.9615. 
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[0088] Amixture of Zinc dust (650 mg, 10 mmol, Aldrich, 
—325 mesh) and dry tetrahydrofuran (1 mL) under argon Was 
treated With 1,2-dibromoethane (187 mg, 1 mmol). The Zinc 
suspension Was then heated With a heat gun to ebullition, 
allowed to cool, and heated again. This process Was repeated 
three times to make sure the Zinc dust Was activated. The 
activated Zinc dust suspension Was then treated With trim 
ethylsilyl chloride (108 mg, 1 mmol), and the suspension 
Was stirred for 15 min at 25° C. The reaction mixture Was 
then treated dropWise With a solution of (E)-3-cyclopentyl 
2-iodo-acrylic acid methyl ester (prepared in Example 7, 
2.21 g, 7.5 mmol) in dry tetrahydrofuran (3 mL) over 3 min. 
The resulting reaction mixture Was then stirred at 40-45° C. 
for 1 h and then stirred overnight at 25° C. The reaction 
mixture Was then diluted With dry tetrahydrofuran (5 mL), 
and the stirring Was stopped to alloW the excess Zinc dust to 
settle doWn (~2 h). In a separate reaction ?ask, bis(diben 
Zylideneacetone)palladium(0) (90 mg, 0.16 mmol) and 
triphenylphosphine (160 mg, 0.6 mmol) in dry tetrahydro 
furan (10 mL) Was stirred at 25° C. under argon for 10 min 
and then treated With 1-(2-?uoro-4-iodo-phenyl)-5-methyl 
1H-tetraZole (1.52 g, 5 mmol) and the freshly prepared Zinc 
compound in tetrahydrofuran. The resulting brick red solu 
tion Was stirred at 25° C. over the Weekend and then heated 
at 40-45° C. for 4 h. The reaction mixture Was cooled to 25° 
C. and then poured into a saturated aqueous ammonium 
chloride solution (50 mL), and the organic compound Was 
extracted into ethyl acetate (3><50 mL). The combined 
organic extracts Were Washed With a saturated aqueous 
sodium chloride solution (1><100 mL), dried over anhydrous 
magnesium sulfate, ?ltered, and concentrated in vacuo. 
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 
4/1 to 1/1 hexanes/ethyl acetate) afforded (E)-3-cyclopentyl 
2-[3-?uoro-4-(5-methyl-tetraZol-1-yl)-phenyl]-acrylic acid 
methyl ester (1.14 g, 68%) as a light yelloW solid: mp 
111-114° C.; EI-HRMS m/e calcd for CNH19FN4O2 (M+) 
330.1492, found 330.1493. 

[0089] A solution of nickel (II) chloride hexahydrate (115 
mg, 0.24 mmol) and (E)-3-cyclopentyl-2-[3-?uoro-4-(5-me 
thyl-tetraZol-1-yl)-phenyl]-acrylic acid methyl ester (400 
mg, 1.21 mmol) in methanol (10 mL) Was cooled to 0° C. 
and then treated With sodium borohydride (275 mg, 3.63 
mmol) in tWo portions. After the addition, the black reaction 
mixture Was stirred for 15 min at 0° C. and then alloWed to 
Warm to 25° C. Where it Was stirred for 15 h. The reaction 
mixture Was concentrated in vacuo, and the residue Was 
diluted With a 3N aqueous hydrochloric acid solution (30 
mL) and ethyl acetate (50 mL). The tWo layers Were sepa 
rated. The organic layer Was Washed With a saturated aque 
ous sodium chloride solution (1><50 mL), dried over anhy 
drous magnesium sulfate, ?ltered, and concentrated in vacuo 
to afford racemic 3-cyclopentyl-2-[3-?uoro-4-(5-methyl-tet 
raZol-1-yl)-phenyl]-propionic acid methyl ester (400 mg, 
99%) as a viscous oil: EI-HRMS m/e calcd for C17H21FN4O2 
(M+) 332.1648, found 332.1645. 

[0090] A solution of 3-cyclopentyl-2-[3-?uoro-4-(5-me 
thyl-tetraZol-1-yl)-phenyl]-propionic acid methyl ester (400 
mg, 1.2 mmol) in ethanol (8 mL) Was treated With a 1N 
aqueous sodium hydroxide solution (2.5 mL). The solution 
Was heated at 45-50° C. for 5 h, at Which time, thin layer 
chromatography analysis of the reaction mixture indicated 
the absence of starting material. The reaction mixture Was 
concentrated in vacuo to remove ethanol. The residue Was 
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diluted With Water (40 mL) and extracted With diethyl ether 
(1><50 mL) to remove any neutral impurities. The aqueous 
layer Was then acidi?ed With a 1N aqueous hydrochloric 
acid solution, and the resulting acid Was extracted into ethyl 
acetate (2><50 mL). The combined organic layers Were 
Washed With a saturated aqueous sodium chloride solution 

(1><50 mL), dried over anhydrous magnesium sulfate, ?l 
tered, and concentrated in vacuo to afford 3-cyclopentyl-2 
[3-?uoro-4-(5-methyl-tetraZol-1-yl)-phenyl]-propionic acid 
(360 mg, 94%) as a yelloW solid: EI-HRMS m/e calcd for 
C16H19FN4O2 (M+) 318.1487, found 318.1492. 

[0091] A solution of triphenylphosphine (288 mg, 1.1 
mmol) in methylene chloride (6 mL) Was cooled to 0° C. and 
then treated With N-bromosuccinimide (196 mg, 1.1 mmol). 
The reaction mixture Was stirred at 0° C. for 30 min and then 
treated With 3-cyclopentyl-2-[3-?uoro-4-(5-methyl-tetraZol 
1-yl)-phenyl]-propionic acid (175 mg, 0.55 mmol). The 
clear solution Was stirred for 15 min at 0° C. and then 
alloWed to Warm to 25° C. Where it Was stirred for 1.5 h. The 
reaction mixture Was then treated With 2-aminothiaZole (275 
mg, 2.75 mmol), and the resulting suspension Was stirred for 
2 d at 25° C. The reaction mixture Was then concentrated in 
vacuo to remove methylene chloride, and the residue Was 
diluted With ethyl acetate (50 mL) and a 1N aqueous 
hydrochloric acid solution (25 mL). The tWo layers Were 
separated, and the aqueous layer Was extracted With ethyl 
acetate (1><25 mL). The combined organic extracts Were 
successively Washed With a 1N aqueous hydrochloric acid 
solution (1><50 mL), a saturated aqueous sodium bicarbonate 
solution (1><50 mL) and a saturated aqueous sodium chloride 
solution (1><50 mL), dried over anhydrous magnesium sul 
fate, ?ltered, and concentrated in vacuo. Biotage chroma 
tography (FLASH 40S, Silica, 2/1 hexanes/ethyl acetate) 
afforded 3-cyclopentyl-2-[3-?uoro-4-(5-methyl-tetraZol-1 
yl)-phenyl]-N-thiaZol-2-yl-propionamide (80 mg, 36%) as 
an amorphous White solid: EI-HRMS m/e calcd for 
C19H21FN6OS (M+) 400.1482, found 400.1476. 

EXAMPLE 2 

N-(5 -Bromo -pyridin-2-yl) -3 -cyclopentyl-2-[3 
?uoro -4-(5 -methyl-tetraZol-1 -yl)-phenyl] -propiona 

mide 

[0092] 

/ H3C I 
o \ >\N Br 

N\ | 
N4N F 

[0093] A solution of triphenylphosphine (288 mg, 1.1 
mmol) in methylene chloride (6 mL) Was cooled to 0° C. and 
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then treated With N-bromosuccinimide (196 mg, 1.1 mmol). 
The reaction mixture Was stirred at 0° C. for 30 min and then 
treated With 3-cyclopentyl-2-[3-?uoro-4-(5-methyl-tetraZol 
1-yl)-phenyl]-propionic acid (prepared in Example 1, 175 
mg, 0.55 mmol). The clear solution Was stirred for 15 min 
at 0° C. and then allowed to Warm to 25° C. Where it Was 
stirred for 1.5 h. The reaction mixture Was then treated With 
2-amino-5-bromopyridine (476 mg, 2.75 mmol), and the 
resulting suspension Was stirred for 2 d at 25° C. The 
reaction mixture Was then concentrated in vacuo to remove 

methylene chloride, and the residue Was diluted With ethyl 
acetate (50 mL) and Water (50 mL). The tWo layers Were 
separated, and the aqueous layer Was extracted With ethyl 
acetate (1><25 mL). The combined organic extracts Were 
successively Washed With a saturated aqueous sodium bicar 
bonate solution (1><50 mL) and a saturated aqueous sodium 
chloride solution (1><50 mL), dried over anhydrous magne 
sium sulfate, ?ltered, hexanes/ethyl acetate) afforded N-(5 
bromo-pyridin-2-yl)-3-cyclopentyl-2-[3-?uoro-4-(5-me 
thyl-tetraZol-1-yl)-phenyl]-propionamide (190 mg, 73%) as 
a White solid: mp 73-78° C.; EI-HRMS m/e calcd for 
C21H22BrFN6O (M+) 472.1022, found 472.1022. 

EXAMPLE 3 

2-[3-Chloro -4-(5 -methyl-tetraZol-1 -yl) -phenyl] -3 
cyclopentyl-N-thiaZol-2-yl-propionamide 

[0094] 

H3C / 
x O S 
N\/ T 
N¢N c1 

[0095] Amixture of Zinc dust (650 mg, 10 mmol, Aldrich, 
—325 mesh) and dry tetrahydrofuran (1 mL) under argon Was 
treated With 1,2-dibromoethane (187 mg, 1 mmol). The Zinc 
suspension Was then heated With a heat gun to ebullition, 
alloWed to cool, and heated again. This process Was repeated 
three times to make sure the Zinc dust Was activated. The 
activated Zinc dust suspension Was then treated With trim 
ethylsilyl chloride (108 mg, 1 mmol), and the suspension 
Was stirred for 15 min at 25° C. The reaction mixture Was 
then treated dropWise With a solution of (E)-3-cyclopentyl 
2-iodo-acrylic acid methyl ester (prepared in Example 7, 
1.26 g, 4.5 mmol) in dry tetrahydrofuran (2 mL) over 3 min. 
The reaction mixture Was then stirred at 40-45° C. for 1 h 
and then stirred overnight at 25° C. The reaction mixture 
Was then diluted With dry tetrahydrofuran (3 mL), and the 
stirring Was stopped to alloW the excess Zinc dust to settle 
doWn (~2 h). In a separate reaction ?ask, bis(dibenZylide 
neacetone)palladium(0) (54 mg, 0.1 mmol) and triph 
enylphosphine (104 mg, 0.4 mmol) in dry tetrahydrofuran (4 
mL) Was stirred at 25° C. under arson for 10 min and then 
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treated With 1-(2-chloro-4-iodo-phenyl)-5-methyl-1H-tetra 
Zole (prepared in Example 4, 875 mg, 2.73 mmol) and the 
freshly prepared Zinc compound in tetrahydrofuran. The 
resulting brick red solution Was stirred at 25° C. over the 
Weekend and then heated at 40-45° C. for 4 h. The reaction 
mixture Was cooled to 25° C. and then poured into a 
saturated aqueous ammonium chloride solution (50 mL), 
and the organic compound Was extracted into ethyl acetate 
(3><35 mL). The combined organic extracts Were Washed 
With a saturated aqueous sodium chloride solution (1><100 
mL), dried over anhydrous magnesium sulfate, ?ltered, and 
concentrated in vacuo. Flash chromatography (Merck Silica 
gel 60, 230-400 mesh, 4/1 to 1/1 hexanes/ethyl acetate) 
afforded (E)-2-[3-chloro-4-(5-methyl-tetraZol-1-yl)-phe 
nyl]-3-cyclopentyl-acrylic acid methyl ester (859 mg, 91%) 
as a light yelloW semi-solid: EI-HRMS m/e calcd for 
C17H19ClN4O2 (M+) 346.1196, found 346.1190. 
[0096] A solution of nickel (II) chloride hexahydrate (180 
mg, 0.8 mmol) and (E)-2-[3-chloro-4-(5-methyl-tetraZol-1 
yl)-phenyl]-3-cyclopentyl-acrylic acid methyl ester (695 
mg, 2.0 mmol) in methanol (15 mL) Was cooled to 00 C. and 
then treated With sodium borohydride (454 mg, 12 mmol) in 
?ve portions. After the addition, the black reaction mixture 
Was stirred for 15 min at 0° C. and then alloWed to Warm to 
25° C. Where it Was stirred for 2 d. The reaction mixture Was 
concentrated in vacuo, and the residue Was diluted With a 3N 
aqueous hydrochloric acid solution (50 mL) and ethyl 
acetate (75 mL). The tWo layers Were separated. The organic 
layer Was Washed With a saturated aqueous sodium chloride 
solution (1><50 mL), dried over anhydrous magnesium sul 
fate, ?ltered, and concentrated in vacuo to afford racemic 
2-[3-chloro-4-(5-methyl-tetraZol-1-yl)-phenyl]-3-cyclopen 
tyl-propionic acid methyl ester (815 mg, 99%) as a viscous 
oil: EI-HRMS m/e calcd for C17H21ClN4O2 (M+) 348.1353, 
found 348.1359. 

[0097] A solution of 2-[3-chloro-4-(5-methyl-tetraZol-1 
yl)-phenyl]-3-cyclopentyl-propionic acid methyl ester ester 
(690 mg, 2.0 mmol) in ethanol (20 mL) Was treated With a 
1N aqueous sodium hydroxide solution (4 mL). The solution 
Was heated at 45-50° C. for 3 h, at Which time, thin layer 
chromatography analysis of the reaction mixture indicated 
the absence of starting material. The reaction mixture Was 
concentrated in vacuo to remove ethanol. The residue Was 

diluted With Water (50 mL) and extracted With diethyl ether 
(1><60 mL) to remove any neutral impurities. The aqueous 
layer Was then acidi?ed With a 1N aqueous hydrochloric 
acid solution, and the resulting acid Was extracted into ethyl 
acetate (2><50 mL). The combined organic layers Were 
Washed With a saturated aqueous sodium chloride solution 
(1><100 mL), dried over anhydrous magnesium sulfate, ?l 
tered, and concentrated in vacuo to afford 2-[3-chloro-4-(5 
methyl-tetraZol-1-yl)-phenyl]-3-cyclopentyl-propionic acid 
(604 mg, 90%) as an amorphous White solid: EI-HRMS m/e 
calcd for CMHlgClNltO2 (M+) 334.1196, found 334.1193. 

[0098] A solution of triphenylphosphine (236 mg, 0.9 
mmol) in methylene chloride (6 mL) Was cooled to 0° C. and 
then treated With N-bromosuccinimide (160 mg, 0.9 mmol). 
The reaction mixture Was stirred at 0° C. for 30 min and then 
treated With the 2-[3-chloro-4-(5-methyl-tetraZol-1-yl)-phe 
nyl]-3-cyclopentyl-propionic acid (151 mg, 0.45 mmol). 
The clear solution Was stirred for 15 min at 0° C. and then 
alloWed to Warm to 25° C. Where it Was stirred for 2 h. The 
reaction mixture Was then treated With 2-aminothiaZole (135 
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mg, 1.35 mmol), and the resulting suspension Was stirred for 
20 h at 25° C. The reaction mixture Was then concentrated 
in vacuo to remove methylene chloride, and the residue Was 
diluted With ethyl acetate (30 mL) and a 1N aqueous 
hydrochloric acid solution (30 mL). The tWo layers Were 
separated, and the aqueous layer Was extracted With ethyl 
acetate (1><20 mL). The combined organic extracts Were 
successively Washed With a saturated aqueous sodium bicar 
bonate solution (1><50 mL) and a saturated aqueous sodium 
chloride solution (1><50 mL), dried over anhydrous magne 
sium sulfate, ?ltered, and concentrated in vacuo. Biotage 
chromatography (FLASH 40S, Silica, 1/1 hexanes/ethyl 
acetate) afforded 2-[3-chloro-4-(5-methyl-tetraZol-1-yl) 
phenyl]-3-cyclopentyl-N-thiaZol-2-yl-propionamide (80 
mg, 42%) as a White solid: mp 190-193° C.; EI-HRMS m/e 
calcd for ClgHzlClN?OS (M+) 416.1186, found 416.1183. 

EXAMPLE 4 

2-[3-Chloro -4-(5 -methyl-tetraZol-1 -yl) -phenyl] —3 
cyclohexyl-N-thiaZol-2-yl-propionamide 

[0099] 

H3C O NYJ 
T 

[0100] A mixture of Zinc dust (16.34 g, 250 mmol, Ald 
rich, —325 mesh) and dry tetrahydrofuran (6 mL) under 
argon Was treated With 1,2-dibromoethane (0.94 g, 5 mmol). 
The Zinc suspension Was then heated With a heat gun to 
ebullition, alloWed to cool, and heated again. This process 
Was repeated three times to make sure the Zinc dust Was 
activated. The activated Zinc dust suspension Was then 
treated With trimethylsilyl chloride (0.54 g, 5 mmol), and the 
suspension Was stirred for 15 min at 25° C. The reaction 
mixture Was then treated dropWise With a solution of cyclo 
hexyl iodide (21 g, 100 mmol) in dry tetrahydrofuran (30 
mL) over 15 min. During the addition, the temperature rose 
to 60° C. The reaction mixture Was then stirred for 3 h at 
40-45° C. The reaction mixture Was then cooled to 25° C. 
and diluted With dry tetrahydrofuran (60 mL). The stirring 
Was stopped to alloW the excess Zinc dust to settle doWn (~3 
h). In a separate reaction ?ask, a mixture of lithium chloride 
(8.48 g, 200 mmol, predried at 130° C. under high vacuum 
for 3 h) and copper cyanide (8.95 g, 100 mmol) in dry 
tetrahydrofuran (110 mL) Was stirred for 10 min at 25° C. to 
obtain a clear solution. The reaction mixture Was cooled to 
—70° C. and then sloWly treated With the freshly prepared 
Zinc solution using a syringe. After the addition, the reaction 
mixture Was alloWed to Warm to 0° C. Where it Was stirred 
for 5 min. The reaction mixture Was again cooled back to 
—70° C. and then sloWly treated With methyl propiolate (7.56 
g, 90 mmol). The resulting reaction mixture Was stirred for 
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15 h at —70° C. to —50° C. and then sloWly treated With a 
solution of iodine (34.26 g, 135 mmol) in dry tetrahydro 
furan (30 mL), With the temperature kept at —70° C. to —60° 
C. After addition of the iodine solution, the cooling bath Was 
removed, and the reaction mixture Was alloWed to Warm to 
25° C. Where it Was stirred for 2 h. The reaction mixture Was 
then poured into a solution consisting of a saturated aqueous 
ammonium chloride solution (400 mL) and ammonium 
hydroxide (100 mL), and the organic compound Was 
extracted into ethyl acetate (3><250 mL). The combined 
organic extracts Were successively Washed With a saturated 
aqueous sodium thiosulfate solution (1><500 mL) and a 
saturated aqueous sodium chloride solution (1><500 mL), 
dried over anhydrous magnesium sulfate, ?ltered, and con 
centrated in vacuo. Flash chromatography (Merck Silica gel 
60, 230-400 mesh, 9/1 hexanes/diethyl ether) afforded (E) 
3-cyclohexyl-2-iodo-acrylic acid methyl ester (26.3 g, 99%) 
as a light pink oil: EI-HRMS m/e calcd for CJLOHJLSIO2 (M+) 
294.0117, found 294.0114. 

[0101] A suspension of triphenylphospine (11.7 g, 44.8 
mmol) in carbon tetrachloride (8 mL, 83 mmol) Was cooled 
to 0° C. and then treated With triethylamine (2.5 mL, 18 
mmol) and acetic acid (1.15 mL, 20 mmol). The reaction 
mixture Was stirred at 0° C. for 10 min and then treated With 
a solution of 2-chloro-4-iodoaniline (5.07 g, 20 mmol) in 
carbon tetrachloride (12 mL, heated to obtain a solution). 
The resulting light broWn suspension Was alloWed to Warm 
to 25° C. and then it Was re?uxed overnight. The reaction 
mixture Was cooled to 25° C. and then concentrated in 
vacuo. The resulting solid residue Was then diluted With 
hexanes (50 mL) and methylene chloride (50 mL). The 
precipitated solid Was collected by ?ltration and Washed 
With hexanes. The ?ltrate Was concentrated in vacuo, and the 
resulting residue Was diluted With diethyl ether (100 mL). 
The precipitated solid Was collected by ?ltration and Washed 
With hexanes, and the ?ltrate Was concentrated in vacuo. The 
resulting residue Was again diluted With hexanes (100 mL), 
and the precipitated solid Was collected by ?ltration. The 
?ltrate Was ?nally concentrated in vacuo to afford the 
imidoyl chloride intermediate (4.08 g) as a liquid. This crude 
imidoyl chloride intermediate (4.08 g, ~13 mmol) Was 
treated With sodium aZide (1.04 g, 16 mmol) and acetic acid 
(10 mL). The reaction Was exothermic, and the resulting 
reaction mixture Was stirred for 1 h at 25° C. The reaction 
mixture Was then heated at 70° C. for 2 h, at Which time, thin 
layer chromatography analysis of the reaction mixture indi 
cated the absence of the imidoyl chloride intermediate. The 
cloudy yelloW suspension Was cooled to 25° C. and then 
diluted With Water (100 mL) and extracted With ethyl acetate 
(2><75 mL). The combined organic extracts Were Washed 
successively With a saturated aqueous sodium bicarbonate 
solution (1><100 mL) and a saturated aqueous sodium chlo 
ride solution (1><100 mL), dried over anhydrous magnesium 
sulfate, ?ltered, and concentrated in vacuo. Biotage chro 
matography (FLASH 40M, Silica, 6/1 hexanes/diethyl 
ether) afforded 1-(2-chloro-4-iodo-phenyl)-5-methyl-1H 
tetraZole (350 mg, 6%) as a White solid: mp 128-130.5° C.; 
EI-HRMS m/e calcd for C8H6ClIN4 (M+) 319.9327, found 
319.9325. 

[0102] A mixture of Zinc dust (320 mg, 5 mmol, Aldrich, 
—325 mesh) and dry tetrahydrofuran (1 mL) under argon Was 
treated With 1,2-dibromoethane (94 mg, 0.5 mmol). The Zinc 
suspension Was then heated With a heat gun to ebullition, 
alloWed to cool, and heated again. This process Was repeated 
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three times to make sure the Zinc dust Was activated. The 
activated Zinc dust suspension Was then treated With trim 
ethylsilyl chloride (55 mg, 0.5 mmol), and the suspension 
Was stirred for 15 min at 25° C. The reaction mixture Was 
then treated dropWise With a solution of (E)-3-cyclohexyl 
2-iodo-acrylic acid methyl ester (588 mg, 2 mmol) in dry 
tetrahydrofuran (2 mL). After the addition, the reaction 
mixture Was stirred for 1 h at 40-45° C. and then stirred 
overnight at 25° C. The reaction mixture Was then diluted 
With dry tetrahydrofuran (2 mL), and the stirring Was 
stopped to alloW the excess Zinc dust to settle doWn (~2 h). 
In a separate reaction ?ask, bis(dibenZylideneacetone)-pal 
ladium(0) (27 mg, 0.05 mmol) and triphenylphosphine (57 
mg, 0.2 mmol) in dry tetrahydrofuran (4 mL) Was stirred at 
25° C. under argon for 10 min and then treated With 
1-(2-chloro-4-iodo-phenyl)-5-methyl-1H-tetraZole (320.5 
mg, 1 mmol) and the freshly prepared Zinc compound in 
tetrahydrofuran. The resulting brick red solution Was heated 
at 50° C. for 15 h. The reaction mixture Was cooled to 25° 
C. and then poured into a saturated aqueous ammonium 
chloride solution (30 mL), and the organic compound Was 
extracted into ethyl acetate (3><20 mL). The combined 
organic extracts Were Washed With a saturated aqueous 
sodium chloride solution (1><50 mL), dried over anhydrous 
magnesium sulfate, ?ltered, and concentrated in vacuo. 
Biotage chromatography (FLASH 40S, Silica, 4/1/1 hex 
anes/ethyl acetate/methylene chloride) afforded (E)-2-[3 
chloro-4-(5-methyl-tetraZol-1-yl)-phenyl]-3-cyclohexyl 
acrylic acid methyl ester (233 mg, 64%) as an amorphous 
White solid: EI-HRMS m/e calcd for C18H21ClN4O2 (M+) 
360.1353, found 360.1354. 
[0103] A solution of nickel (II) chloride hexahydrate (78 
mg, 0.328 mmol) and (E)-2-[3-chloro-4-(5-methyl-tetraZol 
1-yl)-phenyl]-3-cyclohexyl-acrylic acid methyl ester (295 
mg, 0.82 mmol) in methanol (8 mL) Was cooled 0° C. and 
then treated With sodium borohydride (186 mg, 4.92 mmol) 
in four portions. After the addition, the black reaction 
mixture Was stirred for 15 min at 0° C. and then alloWed to 
Warm to 25° C. Where it Was stirred for 24 h. The reaction 
mixture Was then concentrated in vacuo, and the residue Was 
diluted With Water (30 mL) and ethyl acetate (50 mL). The 
tWo layers Were separated. The organic layer Was Washed 
successively With a 3N aqueous hydrochloric acid solution 
(1><50 mL), a saturated aqueous sodium bicarbonate solution 
(1><50 mL) and a saturated aqueous sodium chloride solution 
(1><50 mL), dried over anhydrous magnesium sulfate, ?l 
tered, and concentrated in vacuo to afford racemic 2-[3 
chloro-4-(5-methyl-tetraZol-1-yl)-phenyl]-3-cyclohexyl 
propionic acid methyl ester (285 mg, 96%) as a viscous oil: 
EI-HRMS m/e calcd for C18H23ClN4O2 (M+) 362.1509, 
found 362.1516. 

[0104] A solution of 2-[3-chloro-4-(5-methyl-tetraZol-1 
yl)-phenyl]-3-cyclohexyl-propionic acid methyl ester (278 
mg, 0.76 mmol) in ethanol (6 mL) Was treated With a 1N 
aqueous sodium hydroxide solution (1.5 mL). The solution 
Was heated at 45-50° C. for 5 h, at Which time, thin layer 
chromatography analysis of the mixture indicated the 
absence of starting material. The reaction mixture Was then 
concentrated in vacuo to remove ethanol, and the residue 
Was diluted With Water (20 mL) and extracted With diethyl 
ether (1><40 mL) to remove any neutral impurities. The 
aqueous layer Was acidi?ed With a 1N aqueous hydrochloric 
acid solution. The resulting acid Was extracted into ethyl 
acetate (2><50 mL). The combined organic layers Were 
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Washed With a saturated aqueous sodium chloride solution 
(1><50 mL), dried over anhydrous magnesium sulfate, ?l 
tered, and concentrated in vacuo to afford 2-[3-chloro-4-(5 
methyl-tetraZol-1-yl)-phenyl]-3-cyclohexyl-propionic acid 
(226 mg, 85%) as an amorphous solid: EI-HRMS m/e calcd 
for C17H21ClN4O2 (M+) 348.1353, found 348.1354. 

[0105] A solution of triphenylphosphine (281 mg, 1.07 
mmol) in methylene chloride (5 mL) Was cooled to 0° C. and 
then treated With N-bromosuccinimide (190.4 mg, 1.07 
mmol). The reaction mixture Was stirred at 0° C. for 30 min 
and then treated With a solution of 2-[3-chloro-4-(5-methyl 
tetraZol-1yl)-phenyl]-3-cyclohexyl-propionic acid (220 mg, 
0.63 mmol) in methylene chloride (4 mL). The clear solution 
Was stirred for 15 min at 0° C. and then alloWed to Warm to 
25° C. Where it Was stirred for 2 h. The reaction mixture Was 
then treated With 2-aminothiaZole (189 mg, 1.89 mmol), and 
the resulting suspension Was stirred for 15 h at 25° C. The 
reaction mixture Was concentrated in vacuo to remove 

methylene chloride, and the residue Was diluted With ethyl 
acetate (50 mL) and a 1N aqueous hydrochloric acid solu 
tion (50 mL). The tWo layers Were separated, and the 
aqueous layer Was extracted With ethyl acetate (1><30 mL). 
The combined organic extracts Were successively Washed 
With a saturated aqueous sodium bicarbonate solution (1><50 
mL) and a saturated aqueous sodium chloride solution (1><50 
mL), dried over anhydrous magnesium sulfate, ?ltered, and 
concentrated in vacuo. Biotage chromatography (FLASH 
40S, Silica, 4/1 hexanes/ethyl acetate) afforded 2-[3-chloro 
4-(5-methyl-tetraZol-1-yl)-phenyl]-3-cyclohexyl-N-thiaZol 
2-yl-propionamide (79 mg, 29%) as an amorphous solid: 
EI-HRMS m/e calcd for C20H23ClN6OS (M+) 430.1343, 
found 430.1343. 

EXAMPLE 5 

N-(5 -Bromo -pyridin-2-yl) -3 -cyclopentyl-2-[3 
chloro -4-(5 -methyl-tetraZol-1 -yl)-phenyl] -propiona 

mide 

[0106] 

H3C I 
Y / 

T 
N Cl / 

N/ 

[0107] A solution of triphenylphosphine (236 mg, 0.9 
mmol) in methylene chloride (6 mL) Was cooled to 0° C. and 
then treated With N-bromosuccinimide (160 mg, 0.9 mmol). 
The reaction mixture Was stirred at 0° C. for 30 min and then 
treated With the 2-[3-chloro-4-(5-methyl-tetraZol-1-yl)-phe 
nyl]-3-cyclopentyl-propionic acid (prepared in Example 3, 
151 mg, 0.45 mmol). The clear solution Was stirred for 15 
min at 0° C. and then alloWed to Warm to 25 ° C. Where it Was 
stirred for 2 h. The reaction mixture Was then treated With 
2-amino-5-bromopyridine (234 mg, 1.35 mmol), and the 
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resulting suspension Was stirred for 2 d at 25° C. The 
reaction mixture Was then concentrated in vacuo to remove 

methylene chloride, and the residue Was diluted With ethyl 
acetate (30 mL) and Water (30 mL). The tWo layers Were 
separated, and the aqueous layer Was extracted With ethyl 
acetate (1><20 mL). The combined organic extracts Were 
successively Washed With a saturated aqueous sodium bicar 
bonate solution (1><50 mL) and a saturated aqueous sodium 
chloride solution (1><50 mL), dried over anhydrous magne 
sium sulfate, ?ltered, and concentrated in vacuo. Biotage 
chromatography (FLASH 40S, Silica, 2/1 hexanes/ethyl 
acetate) afforded N-(5-bromo-pyridin-2-yl)-2-[3-chloro-4 
(5-methyl-tetraZol-1-yl)-phenyl]-3-cyclopentyl-propiona 
mide (90 mg, 42%) as an amorphous White solid: EI-HRMS 
m/e calcd for C21H22BrClN6O (M+) 489.0727, found 
489.0727. 

EXAMPLE 6 

2-[3-Chloro-4-(5 -tri?uoromethyl-tetraZol-1 -yl)-phe 
nyl]-3-cyclohexyl—N-thiaZol-2-yl-propionamide 

[0108] 

F. NYS/J 
/ N 

l 
Y. 

[0109] A suspension of triphenylphospine (13.11 g, 50 
mmol) in carbon tetrachloride (8 mL, 83 mmol) Was cooled 
to 0° C. and then treated With triethylamine (2.78 mL, 20 
mmol) and tri?uoroacetic acid (1.3 mL, 16.6 mmol). The 
reaction mixture Was stirred at 0° C. for 10 min and then 
treated With a solution of 2-chloro-4-iodoaniline (5.07 g, 20 
mmol) in carbon tetrachloride (10 mL). The resulting light 
broWn suspension Was alloWed to Warm to 25° C. and then 
it Was re?uxed overnight. The reaction mixture Was cooled 
to 25 ° C. and then concentrated in vacuo. The resulting solid 
residue Was then diluted With hexanes (50 mL) and meth 
ylene chloride (50 mL). The precipitated solid Was collected 
by ?ltration and Washed With hexanes. The ?ltrate Was 
concentrated in vacuo, and the resulting residue Was diluted 
With diethyl ether (100 mL). The precipitated solid Was 
collected by ?ltration and Washed With hexanes, and the 
?ltrate Was concentrated in vacuo. The resulting residue Was 
again diluted With hexanes (100 mL), and the precipitated 
solid Was collected by ?ltration. The ?ltrate Was ?nally 
concentrated in vacuo to afford the imidoyl chloride inter 
mediate (5.88 g) as broWn liquid. This crude imidoyl chlo 
ride intermediate (5 .88 g, ~16 mmol) Was treated With 
sodium aZide (1.04 g, 16 mmol) and acetic acid (10 mL). 
The resulting reaction mixture Was then heated at 70° C. for 
2 h, at Which time, thin layer chromatography analysis of the 
reaction mixture indicated the absence of the imidoyl chlo 
ride intermediate. The cloudy yelloW suspension Was cooled 
to 25° C. and then diluted With Water (100 mL) and extracted 
With ethyl acetate (2><75 mL). The combined organic 
extracts Were Washed successively With a saturated aqueous 
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sodium bicarbonate solution (1><100 mL) and a saturated 
aqueous sodium chloride solution (1><100 mL), dried over 
anhydrous magnesium sulfate, ?ltered, and concentrated in 
vacuo. Biotage chromatography (FLASH 40M, Silica, 8/1 
hexanes/diethyl ether) afforded 1-(2-chloro-4-iodo-phenyl) 
5 -tri?uoromethyl-1H-tetraZole (5.2 g, 69%) as a light yelloW 
solid: mp 71-73° C.; EI-HRMS m/e calcd for C8H3ClF3IN4 
(M+) 373.9043, found 373.9044. 
[0110] Amixture of Zinc dust (650 mg, 10 mmol, Aldrich, 
—325 mesh) and dry tetrahydrofuran (2 mL) under argon Was 
treated With 1,2-dibromoethane (187 mg, 1 mmol). The Zinc 
suspension Was then heated With a heat gun to ebullition, 
alloWed to cool, and heated again. This process Was repeated 
three times to make sure the Zinc dust Was activated. The 
activated Zinc dust suspension Was then treated With trim 
ethylsilyl chloride (110 mg, 1 mmol), and the suspension 
Was stirred for 15 min at 25° C. The reaction mixture Was 
then treated dropWise With a solution of (E)-3-cyclohexyl 
2-iodo-acrylic acid methyl ester (prepared in Example 4, 
1.32 g, 4.5 mmol) in dry tetrahydrofuran (2 mL) over 5 min. 
After the addition, the reaction mixture Was stirred for 1 h 
at 40-45° C. and then stirred overnight at 25 ° C. The reaction 
mixture Was then diluted With dry tetrahydrofuran (4 mL), 
and the stirring Was stopped to alloW the excess Zinc dust to 
settle doWn (~2 h). In a separate reaction ?ask, bis(diben 
Zylideneacetone)palladium(0) (54 mg, 0.1 mmol) and triph 
enylphosphine (104 mg, 0.4 mmol) in dry tetrahydrofuran (8 
mL) Was stirred at 25° C. under argon for 10 min and then 
treated With 1-(2-chloro-4-iodo-phenyl)-5-tri?uoromethyl 
1H-tetraZole (1.12 g, 3 mmol) and the freshly prepared Zinc 
compound in tetrahydrofuran. The resulting brick red solu 
tion Was heated at 50° C. for 15 h. The reaction mixture Was 
cooled to 25° C. and then poured into a saturated aqueous 
ammonium chloride solution (70 mL), and the organic 
compound Was extracted into ethyl acetate (3><50 mL). The 
combined organic extracts Were Washed With a saturated 
aqueous sodium chloride solution (1><100 mL), dried over 
anhydrous magnesium sulfate, ?ltered, and concentrated in 
vacuo. Biotage chromatography (FLASH 40M, Silica, 6/1 
hexanes/ethyl acetate) afforded (E)-2-[3-chloro-4-(5-tri?uo 
romethyl-tetraZol-1-yl)-phenyl]-3-cyclohexyl-acrylic acid 
methyl ester (908 mg, 73%) as an amorphous White solid: 
EI-HRMS m/e calcd for C18H18ClF3N4O2 (M+) 414.1070, 
found 414.1075. 

[0111] A solution of nickel (II) chloride hexahydrate (77 
mg, 0.324 mmol) and (E)-2-[3-chloro-4-(5-tri?uoromethyl 
tetraZol-1-yl)-phenyl]-3-cyclohexyl-acrylic acid methyl 
ester (674 mg, 1.62 mmol) in methanol (15 mL) Was cooled 
to 0° C. and then treated With sodium borohydride (184 mg, 
4.86 mmol) in four portions. After the addition, the black 
reaction mixture Was stirred for 15 min at 0° C. and then 
alloWed to Warm to 25° C. Where it Was stirred for 20 h. The 
reaction mixture Was then concentrated in vacuo, and the 
residue Was diluted With Water (50 mL) and ethyl acetate 
(100 mL). The tWo layers Were separated. The organic layer 
Was Washed successively With a 3N aqueous hydrochloric 
acid solution (1><50 mL), a saturated aqueous sodium bicar 
bonate solution (1><50 mL) and a saturated aqueous sodium 
chloride solution (1><50 mL), dried over anhydrous magne 
sium sulfate, ?ltered, and concentrated in vacuo to afford 
racemic 2-[3-chloro-4-(5-tri?uoromethyl-tetraZol-1-yl) 
phenyl]-3-cyclohexyl-propionic acid methyl ester (640 mg, 
95%) as a viscous oil: EI-HRMS m/e calcd for 
C18H2OClF3N4O2 (M+) 416.1527, found 416.1529. 
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[0112] A solution of 2-[3-chloro-4-(5-tri?uoromethyl-tet 
raZol-1-yl)-phenyl]-3-cyclohexyl-propionic acid methyl 
ester (634 mg, 1.52 mmol) in ethanol (10 mL) Was treated 
With a 1N aqueous sodium hydroxide solution (3 mL). The 
solution Was heated at 45-50° C. for 5 h, at Which time, thin 
layer chromatography analysis of the mixture indicated the 
absence of starting material. The reaction mixture Was then 
concentrated in vacuo to remove ethanol, and the residue 
Was diluted With Water (50 mL) and extracted With diethyl 
ether (1x60 mL) to remove any neutral impurities. The 
aqueous layer Was acidi?ed With a 1N aqueous hydrochloric 
acid solution The resulting acid Was extracted into ethyl 
acetate (2x50 mL). The combined organic layers Were 
Washed With a saturated aqueous sodium chloride solution 
(1x100 mL), dried over anhydrous magnesium sulfate, ?l 
tered, and concentrated in vacuo to afford 2-[3-chloro-4-(5 
tri?uoromethyl-tetraZol-1-yl)-phenyl]-3-cyclohexyl-propi 
onic acid (375 mg, 61%) as a viscous oil: EI-HRMS m/e 
calcd for C17H18ClF3N4O2 (M+) 402.1070, found 402.1067. 

[0113] A solution of triphenylphosphine (409 mg, 1.56 
mmol) in methylene chloride (8 mL) Was cooled to 0° C. and 
then treated With N-bromosuccinimide (277 mg, 1.56 
mmol). The reaction mixture Was stirred at 0° C. for 30 min 
and then treated With a solution of 2-[3-chloro-4-(5-tri?uo 
romethyl-tetraZol-1-yl)-phenyl]-3-cyclohexyl-propionic 
acid (370 mg, 0.92 mmol) in methylene chloride (5 mL). The 
clear solution Was stirred for 15 min at 0° C. and then 
alloWed to Warm to 25° C. Where it Was stirred for 2 h. The 
reaction mixture Was then treated With 2-aminothiaZole (276 
mg, 2.76 mmol), and the resulting suspension Was stirred for 
15 h at 25° C. The reaction mixture Was concentrated in 
vacuo to remove methylene chloride, and the residue Was 
diluted With ethyl acetate (100 mL) and a 1N aqueous 
hydrochloric acid solution (50 mL). The tWo layers Were 
separated, and the aqueous layer Was extracted With ethyl 
acetate (1x50 mL). The combined organic extracts Were 
successively Washed With a saturated aqueous sodium bicar 
bonate solution (1x100 mL) and a saturated aqueous sodium 
chloride solution (1x100 mL), dried over anhydrous mag 
nesium sulfate, ?ltered, and concentrated in vacuo. Biotage 
chromatography (FLASH 40S, Silica, 3/2 hexanes/ethyl 
acetate) afforded 2-[3-chloro-4-(5-tri?uoromethyl-tetraZol 
1-yl)-phenyl]-3-cyclohexyl-N-thiaZol-2-yl-propionamide 
(83 mg, 18%) as an amorphous solid: EI-HRMS m/e calcd 
for C20H2OClF3N6OS (M+) 484.1060, found 484.1068. 

EXAMPLE 7 

3-Cyclopentyl-2-[4-(5-methyl-tetraZol-1 -yl) -3 -trif 
luoromethyl-phenyl]-N-thiaZol-2-yl-propionamide 

[0114] 
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[0115] A solution of 2-(tri?uoromethyl)-4-bromoaniline 
(4.8 g, 20 mmol) in dry tetrahydrofuran (20 mL) Was cooled 
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to 0° C. and then treated With acetic anhydride (8.2 g, 80 
mmol). The reaction mixture Was stirred at 0° C. for 10 min 
and then alloWed to Warm to 25° C. The reaction mixture 
Was stirred at 25° C. for 2 h, at Which time, thin layer 
chromatography analysis of the reaction mixture indicated 
the absence of starting material. The reaction mixture Was 
then concentrated in vacuo. The crude residue precipitated 
from diethyl ether (50 mL) and hexanes (50 mL). The solid 
Was collected by ?ltration and Washed With hexanes to afford 
N-(4-bromo-2-tri?uoromethyl-phenyl)-acetamide (5.07 g, 
90%) as an amorphous White solid: EI-HRMS m/e calcd for 
C9H7BrF3NO (M+) 281.8352, found 281.8348. 
[0116] A suspension of N-(4-bromo-2-tri?uoromethyl 
phenyl)-acetamide (2.41 g, 8.54 mmol) in acetonitrile (40 
mL) Was treated With methylene chloride (5 mL) to obtain 
a clear solution at 25° C. The resulting solution Was treated 
With sodium aZide (1.24 g, 19.1 mmol), and the reaction 
mixture Was then cooled to 0° C. The reaction mixture Was 
then treated With tri?uoromethanesulfonic anhydride (3.59 
g, 12.7 mmol). The resulting reaction mixture Was alloWed 
to Warm to 25° C. Where it Was stirred overnight, at Which 
time, thin layer chromatography analysis of the reaction 
mixture indicated the absence of starting material. The 
reaction mixture Was then concentrated in vacuo. The result 
ing residue Was diluted With ethyl acetate (50 mL) and Water 
(50 mL). The tWo layers Were separated, and the aqueous 
layer Was extracted With ethyl acetate (1x30 mL). The 
combined organic extracts Were Washed With a saturated 
aqueous sodium chloride solution (1x100 mL), dried over 
anhydrous magnesium sulfate, ?ltered, and concentrated in 
vacuo. Biotage chromatography (FLASH 40M, Silica, 2/1 
hexanes/ethyl acetate) afforded 1-(4-bromo-2-tri?uorom 
ethyl-phenyl)-5-methyl-1H-tetraZole (1.85 g, 70%) as a 
White solid: EI-HRMS m/e calcd for C9H6BrF3N4 (M+) 
305.9728, found 305.9733. 

[0117] A mixture of lithium chloride (8.48 g, 200 mmol, 
predried at 130° C. under high vacuum for 3 h) and copper 
cyanide (8.96 g, 100 mmol) in dry tetrahydrofuran (100 mL) 
Was stirred at 25° C. under argon for 10 min to obtain a clear 
solution. The reaction mixture Was then cooled to —70° C. 
and then sloWly treated With a 2.0M solution of cyclopen 
tylmagnesium chloride in diethyl ether (55 mL, 110 mmol). 
After the addition, the reaction mixture Was alloWed to Warm 
to —30° C. Where it Was stirred for 5 min. The resulting 
reaction mixture Was again cooled back to —70° C. and then 
sloWly treated With methyl propiolate (7.99 g, 95 mmol). 
The reaction mixture Was stirred overnight at —60° C. to 
—50° C. The reaction mixture Was then sloWly treated With 
a solution of iodine (34.3 g, 135 mmol) in dry tetrahydro 
furan (30 mL), With the temperature kept at —70° C. to —60° 
C. After addition of the iodine solution, the cooling bath Was 
removed, and the reaction mixture Was alloWed to Warm to 
25° C. Where it Was stirred for 2 h. The reaction mixture Was 
then poured into a solution consisting of a saturated aqueous 
ammonium chloride solution (200 mL) and ammonium 
hydroxide (50 mL), and the organic compound Was 
extracted into diethyl ether (3x100 mL). The combined 
organic extracts Were successively Washed With a saturated 
aqueous sodium thiosulfate solution (1x300 mL) and a 
saturated aqueous sodium chloride solution (1x300 mL). 
The organic layer Was then dried over anhydrous magne 
sium sulfate, ?ltered, and concentrated in vacuo. Flash 
chromatography (Merck Silica gel 60, 230-400 mesh, 20/1 
hexanes/diethyl ether) afforded (E)-3-cyclopentyl-2-iodo 
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acrylic acid methyl ester (25.8 g, 97%) as a yellow oil: 
EI-HRMS m/e calcd for C9H13IO2 (M+) 279.9960, found 
279.9961. 

[0118] A mixture of Zinc dust (710 mg, 11 mmol, Aldrich, 
—325 mesh) and dry tetrahydrofuran (1 mL) under argon Was 
treated With 1,2-dibromoethane (187 mg, 1 mmol). The Zinc 
suspension Was then heated With a heat gun to ebullition, 
alloWed to cool, and heated again. This process Was repeated 
three times to make sure the Zinc dust Was activated. The 
activated Zinc dust suspension Was then treated With trim 
ethylsilyl chloride (108 mg, 1 mmol), and the suspension 
Was stirred for 15 min at 25° C. The reaction mixture Was 
then treated dropWise With a solution of (E)-3-cyclopentyl 
2-iodo-acrylic acid methyl ester (1.54 g, 5.5 mmol) in dry 
tetrahydrofuran (2 mL) over 3 min. The reaction mixture 
Was then stirred at 40-45° C. for 1 h and then stirred 
overnight at 25° C. The reaction mixture Was then diluted 
With dry tetrahydrofuran (4 mL), and the stirring Was 
stopped to alloW the excess Zinc dust to settle doWn (~2 h). 
In a separate reaction ?ask, bis(dibenZylideneacetone)palla 
dium(0) (81 mg, 0.15 mmol) and triphenylphosphine (156 
mg, 0.6 mmol) in dry tetrahydrofuran (6 mL) Was stirred at 
25° C. under argon for 10 min and then treated With 
1-(4-bromo-2-tri?uoromethyl-phenyl)-5-methyl-1H-tetra 
Zole (1.05 g, 3.5 mmol) and the freshly prepared Zinc 
compound in tetrahydrofuran. The resulting brick red solu 
tion Was heated at 40-45° C. over the Weekend. The reaction 
mixture Was cooled to 25° C. and then poured into a 
saturated aqueous ammonium chloride solution (50 mL), 
and the organic compound Was extracted into ethyl acetate 
(3><35 mL). The combined organic extracts Were Washed 
With a saturated aqueous sodium chloride solution (1><100 
mL), dried over anhydrous magnesium sulfate, ?ltered, and 
concentrated in vacuo. Flash chromatography (Merck Silica 
gel 60, 230-400 mesh, 4/1 to 1/1 hexanes/ethyl acetate) 
afforded (E)-3-cyclopentyl-2-[4-(5-methyl-tetraZol-1-yl)-3 
tri?uoromethyl-phenyl]-acrylic acid methyl ester (1.03 g, 
77.6%) as a light yelloW solid: EI-HRMS m/e calcd for 
C18H19F3N4O2 (M+) 380.1460, found 380.1453. 

[0119] A solution of nickel (II) chloride hexahydrate (102 
mg, 0.428 mmol) and (E)-3-cyclopentyl-2-[4-(5-methyl-tet 
raZol-1-yl)-3-tri?uoromethyl-phenyl]-acrylic acid methyl 
ester (814 mg, 2.14 mmol) in methanol (20 mL) Was cooled 
to 00 C. and then treated With sodium borohydride (265 mg, 
7 mmol) in ?ve portions. After the addition, the black 
reaction mixture Was stirred for 15 min at 0° C. and then 
alloWed to Warm to 25° C. Where it Was stirred for 15 h. The 
reaction mixture Was concentrated in vacuo, and the residue 
Was diluted With a 3N aqueous hydrochloric acid solution 
(50 mL) and ethyl acetate (75 mL). The tWo layers Were 
separated. The organic layer Was Washed With a saturated 
aqueous sodium chloride solution (1><50 mL), dried over 
anhydrous magnesium sulfate, ?ltered, and concentrated in 
vacuo to afford racemic 3-cyclopentyl-2-[4-(5-methyl-tetra 
Zol-1-yl)-3-tri?uoromethyl-phenyl]-propionic acid methyl 
ester (815 mg, 99%) as a viscous oil: EI-HRMS m/e calcd 
for C18H21F3N4O2 (M+) 382.1617, found 382.1617. 

[0120] A solution of 3-cyclopentyl-2-[4-(5-methyl-tetra 
Zol-1-yl)-3-tri?uoromethyl phenyl]-propionic acid methyl 
ester (870 mg, 2.27 mmol) in ethanol (12 mL) Was treated 
With a 1N aqueous sodium hydroxide solution (8 mL). The 
solution Was heated at 45-50° C. for 3 h, at Which time, thin 
layer chromatography analysis of the reaction mixture indi 
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cated the absence of starting material. The reaction mixture 
Was concentrated in vacuo to remove ethanol. The residue 

Was diluted With Water (50 mL) and extracted With diethyl 
ether (1><60 mL) to remove any neutral impurities. The 
aqueous layer Was then acidi?ed With a 1N aqueous hydro 
chloric acid solution, and the resulting acid Was extracted 
into ethyl acetate (2><50 mL). The combined organic layers 
Were Washed With a saturated aqueous sodium chloride 
solution (1><100 mL), dried over anhydrous magnesium 
sulfate, ?ltered, and concentrated in vacuo to afford 3-cy 
clopentyl-2-[4-(5-methyl-tetraZol-1-yl)-3-tri?uoromethyl 
phenyl]-propionic acid (781 mg, 93%) as a White solid: 
EI-HRMS m/e calcd for C17H19F3N4O2 (M+) 368.1460, 
found 368.1460. 

[0121] A solution of triphenylphosphine (213 mg, 0.84 
mmol) in methylene chloride (12 mL) Was cooled to 0° C. 
and then treated With N-bromosuccinimide (144 mg, 0.84 
mmol). The reaction mixture Was stirred at 0° C. for 30 min 
and then treated With the 3-cyclopentyl-2-[4-(5-methyl-tet 
raZol-1-yl)-3-tri?uoromethyl-phenyl]-propionic acid (150 
mg, 0.4 mmol). The clear solution Was stirred for 15 min at 
0° C. and then alloWed to Warm to 25 ° C. Where it Was stirred 
for 2 h. The reaction mixture Was then treated With 2-ami 
nothiaZole (122 mg, 1.22 mmol), and the resulting suspen 
sion Was stirred for 15 h at 25° C. The reaction mixture Was 
then concentrated in vacuo to remove methylene chloride, 
and the residue Was diluted With ethyl acetate (30 mL) and 
a 1N aqueous hydrochloric acid solution (30 mL). The tWo 
layers Were separated, and the aqueous layer Was extracted 
With ethyl acetate (1x20 mL). The combined organic 
extracts Were successively Washed With a saturated aqueous 
sodium bicarbonate solution (1><50 mL) and a saturated 
aqueous sodium chloride solution (1><50 mL), dried over 
anhydrous magnesium sulfate, ?ltered, and concentrated in 
vacuo. Biotage chromatography (FLASH 40S, Silica, 1/2 
hexanes/ethyl acetate) afforded 3-cyclopentyl-2-[4-(5-me 
thyl-tetraZol-1-yl)-3-tri?uoromethyl-phenyl]-N-thiaZol-2 
yl-propionamide (128 mg, 70%) as an amorphous solid: 
EI-HRMS m/e calcd for C20H21F3N6OS (M+) 450.1449, 
found 450.1454. 

EXAMPLE 8 

N-(5 -Bromo -pyridin-2-yl) -3-cyclopentyl-2-[4-(5 - 
methyl-tetraZol- 1-yl)-3-tri?uoromethyl-phenyl] 

propionamide 

[0122] 

H H 

N /N 
H3C I 
y 0 \ 

N B N/ | r 
\N¢N CF3 

[0123] A solution of triphenylphosphine (213 mg, 0.84 
mmol) in methylene chloride (12 mL) Was cooled to 0° C. 
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and then treated With N-bromosuccinimide (144 mg, 0.84 
mmol). The reaction mixture Was stirred at 0° C. for 30 min 
and then treated With the 3-cyclopentyl-2-[4-(5-methyl-tet 
raZol-1-yl)-3-tri?uoromethyl-phenyl]-propionic acid (pre 
pared in Example 7, 150 mg, 0.4 mmol). The clear solution 
Was stirred for 15 min at 0° C. and then allowed to Warm to 
25 ° C. Where it Was stirred for 2 h. The reaction mixture Was 

then treated With 2-amino-5-bromopyridine (122 mg, 1.22 
mmol), and the resulting suspension Was stirred for 15 h at 
25° C. The reaction mixture Was then concentrated in vacuo 
to remove methylene chloride, and the residue Was diluted 
With ethyl acetate (30 mL) and Water (30 mL). The tWo 
layers Were separated, and the aqueous layer Was extracted 
With ethyl acetate (1><20 mL). The combined organic 
extracts Were successively Washed With a saturated aqueous 
sodium bicarbonate solution (1><50 mL) and a saturated 
aqueous sodium chloride solution (1><50 mL), dried over 
anhydrous magnesium sulfate, ?ltered, and concentrated in 
vacuo. Biotage chromatography (FLASH 40S, Silica, 1/1 
hexanes/ethyl acetate) afforded N-(5-bromo-pyridin-2-yl) 
3-cyclopentyl-2-[4-(5-methyl-tetraZol-1-yl)-3-tri?uorom 
ethyl-phenyl]-propionamide (90 mg, 42%) as an amorphous 
White solid: EI-HRMS m/e calcd for C22H22BrF3N6O (M+) 
522.0991, found 522.0989. 

EXAMPLE 9 

3-Cyclopentyl-2-[4-methanesulfonyl-3 -(5 -methyl 
tetraZol-1 -yl)-phenyl] —N-thiazol-2-yl-propionamide 

[0124] 

[0125] Asolution of isoamyl nitrite (10.05 mL, 75 mmol) 
in dimethyl disul?de (49.5 mL, 550 mmol) at 25° C. Was 
sloWly treated With 4-bromo-2-nitroaniline (10.85 g, 50 
mmol). The reaction Was exothermic With gas evolution. The 
resulting broWn reaction mixture Was heated to 80-90° C. for 
2 h, at Which time, thin layer chromatography analysis of the 
reaction mixture indicated the absence of starting material. 
The reaction mixture Was cooled to 25° C. and then con 
centrated in vacuo. The resulting residue Was dissolved in 
ethyl acetate (300 mL). The organic layer Was Washed 
successively With a 1N aqueous hydrochloric acid solution 
(1><300 mL) and a saturated aqueous sodium chloride solu 
tion (1><300 mL), dried over anhydrous magnesium sulfate, 
?ltered, and concentrated in vacuo. Biotage chromatography 
(FLASH 40M, Silica, 6/1 to 5/1 hexanes/ethyl acetate) 
afforded 4-bromo-1-methylsulfanyl-2-nitro-benZene (12.05 
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g, 97%) as a broWn solid: EI-HRMS m/e calcd for 
C7H6BrNO2S (M+) 246.9372, found 246.9368. 

[0126] A solution of 4-bromo-1-methylsulfanyl-2-nitro 
benZene (12.05 g, 48.6 mmol) in methylene chloride (300 
mL) Was cooled to —10° C. and then treated With 3-chlo 
roperoxybenZoic acid (86% grade, 25.2 g, 145.8 mmol). The 
reaction mixture Was stirred at —10° C. for 10 min and then 
alloWed to Warm to 25° C. Where it Was stirred for 2 h. At 
this time, thin layer chromatography analysis of the reaction 
mixture indicated the absence of starting material. The 
reaction mixture Was then concentrated in vacuo. The result 
ing residue Was dissolved in ethyl acetate (300 mL). The 
organic layer Was Washed successively With a saturated 
aqueous sodium bicarbonate solution (4><200 mL) and a 
saturated aqueous sodium chloride solution (1><300 mL), 
dried over anhydrous magnesium sulfate, ?ltered, and con 
centrated in vacuo to afford a yelloW solid. Recrystallization 
from hot ethanol (50 mL) and acetonitrile (10 mL) folloWed 
by dilution With hexanes (300 mL) to obtain a precipitate. 
The solid Was collected by ?ltration and Washed With 
hexanes (100 mL) to afford 4-bromo-1-methanesulfonyl-2 
nitro-benZene (8.68 g, 62%) as a White solid: mp 175 .5-177° 
C.; EI-HRMS m/e calcd for C7H6BrNO4S (M+) 278.9201, 
found 278.9210. 

[0127] A light broWn suspension of 4-bromo-1-methane 
sulfonyl-2-nitro-benZene (8.65 g, 30.9 mmol) in methanol 
(300 mL, not completely dissolved in methanol even at hot 
condition) Was treated sequentially With ammonium chlo 
ride (24.8 g, 463.5 mmol), Zinc dust (20.2 g, 309 mmol), and 
Water (100 mL). Initially, the reaction Was exothermic, and 
the broWn color disappeared. The reaction mixture Was 
stirred for 1 h at 25° C. The reaction mixture Was then 
?ltered, and the residue Was Washed With methanol (50 mL) 
and ethyl acetate (100 mL). The ?ltrate Was concentrated in 
vacuo, and the organic compound Was extracted into ethyl 
acetate (3><100 mL). The combined organic extracts Were 
Washed With a saturated aqueous sodium chloride solution 
(1><200 mL), dried over anhydrous sodium sulfate, ?ltered, 
and concentrated in vacuo. Biotage chromatography 
(FLASH 40M, Silica, 8/1 to 6/1 to 4/1 hexanes/ethyl acetate) 
afforded 5-bromo-2-methanesulfonyl-phenylamine (5.7 g, 
74%) as a White solid: mp 107-109° C.; EI-HRMS m/e calcd 
for C7H8BrNO2S (M+) 248.9459, found 248.9451. 

[0128] A solution of 5-bromo-2-methanesulfonyl-pheny 
lamine (5 .7 g, 19.5 mmol) in dry tetrahydrofuran (30 mL) at 
25° C. Was treated With acetyl chloride (6.28 g, 80 mmol). 
The resulting solution Was stirred overnight at 25° C., at 
Which time, thin layer chromatography analysis of the 
reaction mixture indicated the absence of starting material. 
The reaction mixture Was then diluted With Water (100 mL) 
and ethyl acetate (100 mL). The tWo layers Were separated, 
and the aqueous layer Was extracted With ethyl acetate 
(1><100 mL). The combined organic extracts Were Washed 
With a saturated aqueous sodium chloride solution (1><200 
mL), dried over anhydrous sodium sulfate, ?ltered, and 
concentrated in vacuo to afford a broWn solid. The broWn 
solid Was treated With diethyl ether (50 mL) and hexanes (50 
mL). The White solid Was collected by ?ltration and Washed 
With hexanes (50 mL) to afford N-(5-bromo-2-methane 
sulfonyl-phenyl)-acetamide (4.55 g, 80%) as a White solid: 
mp 157-160° C.; EI-HRMS m/e calcd for C9H1OBrNO3S 
(M+) 290.9565, found 290.9560. 
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[0129] A solution of N-(5-bromo-2-methanesulfonyl-phe 
nyl)-acetamide (350 mg, 1.2 mmol) in acetonitrile (6 mL) at 
25° C. Was treated With sodium aZide (78 mg, 1.2 mmol). 
The reaction mixture Was cooled to 0° C. and then treated 
With tri?uoromethanesulfonic anhydride (0.24 mL, 1.2 
mmol). The resulting reaction mixture Was allowed to Warm 
to 25° C. Where it Was stirred overnight, at Which time, thin 
layer chromatography analysis of the reaction mixture indi 
cated the absence of starting material. The reaction mixture 
Was then concentrated in vacuo. The resulting residue Was 

diluted With ethyl acetate (50 mL) and Water (50 mL). The 
tWo layers Were separated, and the aqueous layer Was 
extracted With ethyl acetate (1><30 mL). The combined 
organic extracts Were Washed With a saturated aqueous 

sodium chloride solution (1><100 mL), dried over anhydrous 
magnesium sulfate, ?ltered, and concentrated in vacuo. 
Biotage chromatography (FLASH 40M, Silica, 8/1 hexanes/ 
ethyl acetate) afforded 1-(5-bromo-2-methanesulfonyl-phe 
nyl)-5-methyl-1H-tetraZole (254 mg, 67%) as a White solid: 
mp 174-184° C.; EI-HRMS m/e calcd for C9H9BrN4O2S 
(M+) 315.9630, found 315.9634. 

[0130] A mixture of Zinc dust (330 mg, 5 mmol, Aldrich, 
—325 mesh) and dry tetrahydrofuran (1 mL) under argon Was 
treated With 1,2-dibromoethane (93 mg, 0.5 mmol). The Zinc 
suspension Was then heated With a heat gun to ebullition, 
alloWed to cool, and heated again. This process Was repeated 
three times to make sure the Zinc dust Was activated. The 
activated Zinc dust suspension Was then treated With trim 
ethylsilyl chloride (54 mg, 0.5 mmol), and the suspension 
Was stirred for 15 min at 25° C. The reaction mixture Was 
then treated dropWise With a solution of (E)-3-cyclopentyl 
2-iodo-acrylic acid methyl ester (prepared in Example 7, 420 
mg, 1.5 mmol) in dry tetrahydrofuran (1 mL). The resulting 
reaction mixture Was then stirred at 40-45° C. for 1 h and 
then stirred overnight at 25° C. The reaction mixture Was 
then diluted With dry tetrahydrofuran (3 mL), and the stirring 
Was stopped to alloW the excess Zinc dust to settle doWn (~2 
h). In a separate reaction ?ask, bis(dibenZylideneacetone) 
palladium(0) (27 mg, 0.05 mmol) and triphenylphosphine 
(52 mg, 0.2 mmol) in dry tetrahydrofuran (3 mL) Was stirred 
at 25° C. under argon for 10 min and then treated With 
1-(5-bromo-2-methanesulfonyl-phenyl)-5-methyl-1H-tetra 
Zole (237 mg, 0.75 mmol) and the freshly prepared Zinc 
compound in tetrahydrofuran. The resulting brick red solu 
tion Was heated at 40-45° C. over the Weekend. The reaction 
mixture Was cooled to 25° C. and then poured into a 
saturated aqueous ammonium chloride solution (30 mL), 
and the organic compound Was extracted into ethyl acetate 
(3><30 mL). The combined organic extracts Were Washed 
With a saturated aqueous sodium chloride solution (1><100 
mL), dried over anhydrous magnesium sulfate, ?ltered, and 
concentrated in vacuo. Biotage chromatography (FLASH 
40S, Silica, 3/1 to 1/1 hexanes/ethyl acetate) afforded (E) 
3-cyclopentyl-2-[4-methanesulfonyl-3-(5-methyl-tetraZol 
1-yl)-phenyl]-acrylic acid methyl ester (266 mg, 91%) as a 
White solid: mp 164-166° C.; EI-HRMS m/e calcd for 
C18H22N4O4S (M+) 390.1362, found 390.1368. 

[0131] A solution of nickel (II) chloride hexahydrate (12.2 
mg, 0.05 mmol) and (E)-3-cyclopentyl-2-[4-methanesulfo 
nyl-3-(5-methyl-tetraZol-1-yl)-phenyl]-acrylic acid methyl 
ester (100 mg, 0.26 mmol) in methanol (5 mL) Was cooled 
to 00 C. and then treated With sodium borohydride (29 mg, 
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0.77 mmol). After the addition, the black reaction mixture 
Was stirred for 15 min at 0° C. and then alloWed to Warm to 

25° C. Where it Was stirred for 15 h. The reaction mixture 
Was concentrated in vacuo, and the residue Was diluted With 

a 3N aqueous hydrochloric acid solution (10 mL) and ethyl 
acetate (25 mL). The tWo layers Were separated. The organic 
layer Was Washed With a saturated aqueous sodium chloride 
solution (1><25 mL), dried over anhydrous magnesium sul 
fate, ?ltered, and concentrated in vacuo to afford racemic 
3-cyclopentyl-2-[4-methanesulfonyl-3-(5-methyl-tetraZol 
1-yl)-phenyl]-propionic acid methyl ester (105 mg, 99%) as 
a viscous oil: EI-HRMS m/e calcd for C18H24N4O4S (M+) 
392.1518, found 392.1526. 

[0132] A solution of 3-cyclopentyl-2-[4-methanesulfonyl 
3-(5-methyl-tetraZol-1-yl)-phenyl]-propionic acid methyl 
ester (102 mg, 0.26 mmol) in ethanol (3 mL) Was treated 
With a 1N aqueous sodium hydroxide solution (0.6 mL). The 
solution Was heated at 45-50° C. for 5 h, at Which time, thin 
layer chromatography analysis of the reaction mixture indi 
cated the absence of starting material. The reaction mixture 
Was concentrated in vacuo to remove ethanol. The residue 

Was diluted With Water (20 mL) and extracted With diethyl 
ether (1><30 mL) to remove any neutral impurities. The 
aqueous layer Was then acidi?ed With a 1N aqueous hydro 
chloric acid solution, and the resulting acid Was extracted 
into ethyl acetate (2><25 mL). The combined organic layers 
Were Washed With a saturated aqueous sodium chloride 

solution (1><50 mL), dried over anhydrous magnesium sul 
fate, ?ltered, and concentrated in vacuo to afford 3-cyclo 
pentyl-2-[4-methanesulfonyl-3-(5-methyl-tetraZol-1-yl) 
phenyl]-propionic acid (88 mg, 89%) as an amorphous White 
solid: EI-HRMS m/e calcd for C17H22N4O4S (M+) 
378.1362, found 378.1364. 

[0133] A solution of triphenylphosphine (100 mg, 0.38 
mmol) in methylene chloride (3 mL) Was cooled to 0° C. and 
then treated With N-bromosuccinimide (68 mg, 0.38 mmol). 
The reaction mixture Was stirred at 0° C. for 30 min and then 
treated With a solution of 3-cyclopentyl-2-[4-methanesulfo 
nyl-3-(5-methyl-tetraZol-1-yl)-phenyl]-propionic acid (85 
mg, 0.22 mmol) in methylene chloride (3 mL). The clear 
solution Was stirred for 15 min at 0° C. and then alloWed to 
Warm to 25° C. Where it Was stirred for 1.5 h. The reaction 
mixture Was then treated With 2-aminothiaZole (55 mg, 0.55 
mmol), and the resulting suspension Was stirred for 2 d at 
25° C. The reaction mixture Was then concentrated in vacuo 
to remove methylene chloride, and the residue Was diluted 
With ethyl acetate (30 mL) and a 1N aqueous hydrochloric 
acid solution (25 mL). The tWo layers Were separated, and 
the aqueous layer Was extracted With ethyl acetate (1><25 
mL). The combined organic extracts Were successively 
Washed With a 1N aqueous hydrochloric acid solution (1><50 
mL), a saturated aqueous sodium bicarbonate solution (1><50 
mL) and a saturated aqueous sodium chloride solution (1><50 
mL), dried over anhydrous magnesium sulfate, ?ltered, and 
concentrated in vacuo. Biotage chromatography (FLASH 
40S, Silica, 2/1 to 1/1 hexanes/ethyl acetate) afforded 3-cy 
clopentyl-2-[4-methanesulfonyl-3-(5-methyl-tetraZol-1-yl) 
phenyl]-N-thiaZol-2-yl-propionamide (42 mg, 41%) as a 
White solid: mp 148-154° C.; EI-HRMS m/e calcd for 
C20H24N6O3S2 (M+) 460.1351, found 460.1356. 
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EXAMPLE 10 

1 - {3-Cyclopentyl-2-[4-(5 -methyl-tetraZol- 1-yl)-3 
tri?uoromethyl-phenyl] -propionyl} -3 -methyl-urea 

[0134] 

[0135] A solution of 2-(tri?uoromethyl)-4-bromoaniline 
(4.8 g, 20 mmol) in dry tetrahydrofuran (20 mL) Was cooled 
to 0° C. and then treated With acetic anhydride (8.2 g, 80 
mmol). The reaction mixture Was stirred at 0° C. for 10 min 
and then allowed to Warm to 25° C. The reaction mixture 
Was stirred at 25° C. for 2 h, at Which time, thin layer 
chromatography analysis of the reaction mixture indicated 
the absence of starting material. The reaction mixture Was 
then concentrated in vacuo. The crude residue precipitated 
from diethyl ether (50 mL) and hexanes (50 mL). The solid 
Was collected by ?ltrated and Washed With hexanes to afford 
N-(4-bromo-2-tri?uoromethyl-phenyl)-acetamide (5.07 g, 
90%) as an amorphous White solid: EI-HRMS m/e calcd for 
C9H7BrF3NO (M+) 281.8352, found 281.8348. 

[0136] A suspension of N-(4-bromo-2-tri?uoromethyl 
phenyl)-acetamide (2.41 g, 8.54 mmol) in acetonitrile (40 
mL) Was treated With methylene chloride (5 mL) to obtain 
a clear solution at 25° C. The resulting solution Was treated 
With sodium aZide (1.24 g, 19.1 mmol), and the reaction 
mixture Was then cooled to 0° C. The reaction mixture Was 
then treated With tri?uoromethanesulfonic anhydride (3.59 
g, 12.7 mmol). The resulting reaction mixture Was alloWed 
to Warm to 25° C. Where it Was stirred overnight, at Which 
time, thin layer chromatography analysis of the reaction 
mixture indicated the absence of starting material. The 
reaction mixture Was then concentrated in vacuo. The result 
ing residue Was diluted With ethyl acetate (50 mL) and Water 
(50 mL). The tWo layers Were separated, and the aqueous 
layer Was extracted With ethyl acetate (1><30 mL). The 
combined organic extracts Were Washed With a saturated 
aqueous sodium chloride solution (1><100 mL), dried over 
anhydrous magnesium sulfate, ?ltered, and concentrated in 
vacuo. Biotage chromatography (FLASH 40M, Silica, 2/1 
hexanes/ethyl acetate) afforded 1-(4-bromo-2-tri?uorom 
ethyl-phenyl)-5-methyl-1H-tetraZole (1.85 g, 70%) as a 
White solid: EI-HRMS m/e calcd for C9H6BrF3N4 (M+) 
305.9728, found 305.9733. 

[0137] A mixture of lithium chloride (8.48 g, 200 mmol, 
predried at 130° C. under high vacuum for 3 h) and copper 
cyanide (8.96 g, 100 mmol) in dry tetrahydrofuran (100 mL) 
Was stirred at 25 ° C. under argon for 10 min to obtain a clear 
solution. The reaction mixture Was then cooled to —70° C. 
and then sloWly treated With a 2.0M solution of cyclopen 
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tylmagnesium chloride in diethyl ether (55 mL, 110 mmol). 
After the addition, the reaction mixture Was alloWed to Warm 
to —30° C. Where it Was stirred for 5 min. The resulting 
reaction mixture Was again cooled back to —70° C. and then 
sloWly treated With methyl propiolate (7.99 g, 95 mmol). 
The reaction mixture Was stirred overnight at —60° C. to 
—50° C. The reaction mixture Was then sloWly treated With 
a solution of iodine (34.3 g, 135 mmol) in dry tetrahydro 
furan (30 mL), With the temperature kept at —70° C. to —60° 
C. After addition of the iodine solution, the cooling bath Was 
removed, and the reaction mixture Was alloWed to Warm to 
25° C. Where it Was stirred for 2 h. The reaction mixture Was 
then poured into a solution consisting of a saturated aqueous 
ammonium chloride solution (200 mL) and ammonium 
hydroxide (50 mL), and the organic compound Was 
extracted into diethyl ether (3><100 mL). The combined 
organic extracts Were successively Washed With a saturated 
aqueous sodium thiosulfate solution (1><300 mL) and a 
saturated aqueous sodium chloride solution (1><300 mL). 
The organic layer Was then dried over anhydrous magne 
sium sulfate, ?ltered, and concentrated in vacuo. Flash 
chromatography (Merck Silica gel 60, 230-400 mesh, 20/1 
hexanes/diethyl ether) afforded (E)-3-cyclopentyl-2-iodo 
acrylic acid methyl ester (25.8 g, 97%) as a yelloW oil: 
EI-HRMS m/e calcd for CQHBIO2 (M+) 279.9960, found 
279.9961. 

[0138] Amixture of Zinc dust (710 mg, 11 mmol, Aldrich, 
—325 mesh) and dry tetrahydrofuran (1 mL) under argon Was 
treated With 1,2-dibromoethane (187 mg, 1 mmol). The Zinc 
suspension Was then heated With a heat gun to ebullition, 
alloWed to cool, and heated again. This process Was repeated 
three times to make sure the Zinc dust Was activated. The 
activated Zinc dust suspension Was then treated With trim 
ethylsilyl chloride (108 mg, 1 mmol), and the suspension 
Was stirred for 15 min at 25° C. The reaction mixture Was 
then treated dropWise With a solution of (E)-3-cyclopentyl 
2-iodo-acrylic acid methyl ester (1.54 g, 5.5 mmol) in dry 
tetrahydrofuran (2 mL) over 3 min. The reaction mixture 
Was then stirred at 40-45° C. for 1 h and then stirred 
overnight at 25° C. The reaction mixture Was then diluted 
With dry tetrahydrofuran (4 mL), and the stirring Was 
stopped to alloW the excess Zinc dust to settle doWn (~2 h). 
In a separate reaction ?ask, bis(dibenZylideneacetone)palla 
dium(0) (81 mg, 0.15 mmol) and triphenylphosphine (156 
mg, 0.6 mmol) in dry tetrahydrofuran (6 mL) Was stirred at 
25° C. under argon for 10 min and then treated With 
1-(4-bromo-2-tri?uoromethyl-phenyl)-5-methyl-1H-tetra 
Zole (1.05 g, 3.5 mmol) and the freshly prepared Zinc 
compound in tetrahydrofuran. The resulting brick red solu 
tion Was heated at 40-45° C. over the Weekend. The reaction 
mixture Was cooled to 25° C. and then poured into a 
saturated aqueous ammonium chloride solution (50 mL), 
and the organic compound Was extracted into ethyl acetate 
(3><35 mL). The combined organic extracts Were Washed 
With a saturated aqueous sodium chloride solution (1><100 
mL), dried over anhydrous magnesium sulfate, ?ltered, and 
concentrated in vacuo. Flash chromatography (Merck Silica 
gel 60, 230-400 mesh, 4/1 to 1/1 hexanes/ethyl acetate) 
afforded (E)-3-cyclopentyl-2-[4-(5-methyl-tetraZol-1-yl)-3 
tri?uoromethyl-phenyl]-acrylic acid methyl ester (1.03 g, 
77.6%) as a light yelloW solid: EI-HRMS m/e calcd for 
C18H19F3N4O2 (M+) 380.1460, found 380.1453. 
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[0139] A solution of nickel (II) chloride hexahydrate (102 
mg, 0.428 mmol) and (E)-3-cyclopentyl-2-[4-(5-methyl-tet 
raZol-1-yl)-3-tri?uoromethyl-phenyl]-acrylic acid methyl 
ester (814 mg, 2.14 mmol) in methanol (20 mL) Was cooled 
to 0° C. and then treated With sodium borohydride (265 mg, 
7 mmol) in ?ve portions. After the addition, the black 
reaction mixture Was stirred for 15 min at 0° C. and then 
alloWed to Warm to 25° C. Where it Was stirred for 15 h. The 
reaction mixture Was concentrated in vacuo, and the residue 
Was diluted With a 3N aqueous hydrochloric acid solution 
(50 mL) and ethyl acetate (75 mL). The tWo layers Were 
separated. The organic layer Was Washed With a saturated 
aqueous sodium chloride solution (1><50 mL), dried over 
anhydrous magnesium sulfate, ?ltered, and concentrated in 
vacuo to afford racemic 3-cyclopentyl-2-[4-(5-methyl-tetra 
Zol-1-yl)-3-tri?uoromethyl-phenyl]-propionic acid methyl 
ester (815 mg, 99%) as a viscous oil: EI-HRMS m/e calcd 
for C18H21F3N4O2 (M+) 382.1617, found 382.1617. 

[0140] A solution of 3-cyclopentyl-2-[4-(5-methyl-tetra 
Zol-1-yl)-3-tri?uoromethyl-phenyl]-propionic acid methyl 
ester (870 mg, 2.27 mmol) in ethanol (12 mL) Was treated 
With a 1N aqueous sodium hydroxide solution (8 mL). The 
solution Was heated at 45-50° C. for 3 h, at Which time, thin 
layer chromatography analysis of the reaction mixture indi 
cated the absence of starting material. The reaction mixture 
Was concentrated in vacuo to remove ethanol. The residue 

Was diluted With Water (50 mL) and extracted With diethyl 
ether (1><60 mL) to remove any neutral impurities. The 
aqueous layer Was then acidi?ed With a 1N aqueous hydro 
chloric acid solution, and the resulting acid Was extracted 
into ethyl acetate (2><50 mL). The combined organic layers 
Were Washed With a saturated aqueous sodium chloride 
solution (1><100 mL), dried over anhydrous magnesium 
sulfate, ?ltered, and concentrated in vacuo to afford 3-cy 
clopentyl-2-[4-(5-methyl-tetraZol-1-yl)-3-tri?uoromethyl 
phenyl]-propionic acid (781 mg, 93%) as a White solid: 
EI-HRMS m/e calcd for C17H19F3N4O2 (M+) 368.1460, 
found 368.1460. 

[0141] A solution of 3-cyclopentyl-2-[4-(5-methyl-tetra 
Zol-1-yl)-3-tri?uoromethyl-phenyl]-propionic acid (368 mg, 
1.0 mmol) in ?uorobenZene (1.5 mL) and N,N-dimethylfor 
mamide (6 ML) at 25° C. Was treated dropWise With oxalyl 
chloride (107.7 pL, 1.21 mmol) over 2-3 min. The clear 
solution Was stirred for 1 h at 25° C. and then treated With 
methyl urea (322 mg, 2.0 mmol). The resulting suspension 
Was heated at 70° C. (bath temperature) for 10 min and then 
treated With pyridine (162 pL, 2.0 mmol). The reaction 
mixture Was then stirred at 70° C. for 20 h. The reaction 
mixture Was then cooled to 25° C. and diluted With ethyl 
acetate (30 mL) and a 3N aqueous hydrochloric acid solu 
tion (30 mL). The tWo layers Were separated, and the 
aqueous layer Was extracted With ethyl acetate (1><20 mL). 
The combined organic extracts Were successively Washed 
With a saturated aqueous sodium bicarbonate solution (1><50 
mL) and a saturated aqueous sodium chloride solution (1><50 
mL), dried over anhydrous magnesium sulfate, ?ltered, and 
concentrated in vacuo. Biotage chromatography (FLASH 
40S, Silica, 1/1 to 1/2 hexanes/ethyl acetate) afforded 1-{3 
cyclopentyl-2-[4-(5-methyl-tetraZol-1-yl)-3-tri?uorom 
ethyl-phenyl]-propionyl}-3-methyl-urea (338 mg, 80%) as 
an amorphous White solid: EI-HRMS m/e calcd for 
C19H23F3N6O2 (M+) 424.1834, found 424.1833. 
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EXAMPLE 11 

1 —{2-[3-Chloro -4-(5 -methyl-tetraZol-1 -yl) -phenyl] 
3-cyclopentyl-propionyl} -3 -methyl-urea 

[0142] 

Y0 o 0 

MT \ / N/ C1 

[0143] A suspension of triphenylphospine (11.7 g, 44.8 
mmol) in carbon tetrachloride (8 mL, 83 mmol) Was cooled 
to 0° C. and then treated With triethylamine (2.5 mL, 18 
mmol) and acetic acid (1.15 mL, 20 mmol). The reaction 
mixture Was stirred at 0° C. for 10 min and then treated With 
a solution of 2-chloro-4-iodoaniline (5.07 g, 0 mmol) in 
carbon tetrachloride (12 mL, heated to obtain a solution). 
The resulting light broWn suspension Was alloWed to Warm 
to 25° C. and then it Was re?uxed overnight. The reaction 
mixture Was cooled to 25° C. and then concentrated in 
vacuo. The resulting solid residue Was then diluted With 
hexanes (50 mL) and methylene chloride (50 mL). The 
precipitated solid Was collected by ?ltration and Washed 
With hexanes. The ?ltrate Was concentrated in vacuo, and the 
resulting residue Was diluted With diethyl ether (100 mL). 
The precipitated solid Was collected by ?ltration and Washed 
With hexanes, and the ?ltrate Was concentrated in vacuo. The 
resulting residue Was again diluted With hexanes (100 mL), 
and the precipitated solid Was collected by ?ltration. The 
?ltrate Was ?nally concentrated in vacuo to afford the 
imidoyl chloride intermediate (4.08 g) as a liquid. This crude 
imidoyl chloride intermediate (4.08 g, ~13 mmol) Was 
treated With sodium aZide (1.04 g, 16 mmol) and acetic acid 
(10 mL). The reaction Was exothermic, and the resulting 
reaction mixture Was stirred for 1 h at 25° C. The reaction 
mixture Was then heated at 70° C. for 2 h, at Which time, thin 
layer chromatography analysis of the reaction mixture indi 
cated the absence of the imidoyl chloride intermediate. The 
cloudy yelloW suspension Was cooled to 25° C. and then 
diluted With Water (100 mL) and extracted With ethyl acetate 
(2><75 mL). The combined organic extracts Were Washed 
successively With a saturated aqueous sodium bicarbonate 
solution (1><100 mL) and a saturated aqueous sodium chlo 
ride solution (1><100 mL), dried over anhydrous magnesium 
sulfate, ?ltered, and concentrated in vacuo. Biotage chro 
matography (FLASH 40M, Silica, 6/1 hexanes/diethyl 
ether) afforded 1-(2-chloro-4-iodo-phenyl)-5-methyl-1H 
tetraZole (350 mg, 6%) as a White solid: mp 128-130.5° C.; 
EI-HRMS m/e calcd for C8H6ClIN4 (M+) 319.9327, found 
319.9325. 

[0144] Amixture of Zinc dust (650 mg, 10 mmol, Aldrich, 
—325 mesh) and dry tetrahydrofuran (1 mL) under argon Was 
treated With 1,2-dibromoethane (187 mg, 1 mmol). The Zinc 
suspension Was then heated With a heat gun to ebullition, 










































