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Novel 5-Substituted-1H-tetrazole Derivatives as Potent Glucose and Lipid
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A series of 5-(4-alkoxyphenylalkyl)-1H-tetrazole derivatives, containing an oxazole-based group at the
alkoxy moiety, was prepared and their antidiabetic effects were evaluated in two genetically obese and diabetic
animal models, KKAY mice and Wistar fatty rats. Syntheses were performed by cyclization of the corresponding
nitriles reacting with azide compounds. A large number of the 5-(4-alkoxyphenylalkyl)-1H-tetrazoles showed po-
tent glucose and lipid lowering activities in KKKAY mice. In particular, 5-[3-[6-(5-methyl-2-phenyl-4-oxazolyl-
methoxy)-3-pyridyl]propyl]-1H-tetrazole had potent glucose lowering activity (ED,;=0.0839 mg-kg~'-d "), being
72 times more active than pioglitazone hydrochloride (ED,;=6.0mg-kg™'-d™"). This compound also showed
strong glucose lowering (ED,;=0.0873 mg-kg '-d™!) and lipid lowering effects (ED,=0.0277 mg-kg'-d™") in
Wistar fatty rats. The antidiabetic effects of this compound are considered to be due to its potent agonistic activ-
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ity for peroxisome proliferator-activated receptor Y (PPARY) (EC,,=6.75 nm).
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Type 2 diabetes is a complex, chronic and metabolic disor-
der typically characterized by insulin resistance in the liver
and peripheral tissues together with a pancreatic fB-cell de-
fect. Treatment for type 2 diabetes is currently performed
with a combination of exercise and restriction of caloric in-
take,? or drug therapy. The most commonly used oral hypo-
glycemics for the disease are sulfonylureas. These agents,
however, induce serious hypoglycemia® and exhibit primary
or secondary failure, which is presumably due to their char-
acteristics as insulin secretagogues. Thus, use of the non-sul-
fonylurea class of hypoglycemics which do not increase in-
sulin secretion but enhance the action of insulin (insulin sen-
sitizers) is required.” In the course of developing novel thera-
peutic agents for the treatment of type 2 diabetes, we discov-
ered the prototypical 2,4-thiazolidinedione compound, cigli-
tazone (1)” (Chart 1), which has antihyperglycemic activity
in two insulin-resistant animal models, KKAY mice® and
Wistar fatty rats,” but does not show the effect in type 1 dia-
betic or nondiabetic animals.® Efforts to find more potent
antidiabetic 5-benzyl-2,4-thiazolidinedione derivatives®” re-
sulted in the discovery of pioglitazone (2)°* 7 (Chart 1),
which has a 2-(5-ethyl-2-pyridyl)ethoxy group at the p-posi-
tion of the 5-benzyl substituent and is currently in clinical
use. After that, we identified a series of potent 5-benzyl-2,4-
thiazolidinediones with a 4-linked oxazole or thiazole moi-
ety, leading to the discovery of AD-5061 (3) and AD-5075
(4) (Chart 1) as optimized analogues within the azole se-
ries.!” Since our discovery of ciglitazone, a substantial effort
has been made in the pharmaceutical industry to develop
new types of drugs for type 2 diabetes, particularly insulin
sensitizers possessing 2,4-thiazolidinedione!” or analogous
acidic 5-membered heterocycles.!”? A series of perfluo-
roamides represented by Wy-49,322 (5) (Chart 1) was the
first hypoglycemic agent having a tetrazole ring as an acidic
heterocycle.'? It appeared, however, that the lipophilic per-
fluorocarbon chain was the component critical for the activ-
ity, and unfavorable side-effects prohibited further develop-
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ment of these compounds.'?

We describe in this paper the syntheses and biological ac-
tivities of a series of 5-substituted-1H-tetrazoles, including
the finding that use of a tri- or tetramethylene unit as a spacer
between the tetrazole and the phenyl or pyridyl moiety is bet-
ter than that of the methylene group which was previously
considered as the optimal spacer for use in the series of 2,4-
thiazolidinediones.

Chemistry

Most of the 5-substituted-1H-tetrazoles 8, 9 in Table 1
were synthesized from the corresponding nitriles 6, 7 as
shown in Chart 2. Conversion of the nitriles into final prod-
ucts was carried out in N,N-dimethylformamide (DMF) by
treatment with sodium azide and ammonium chloride
(method A). Some of the 5-alkyl-1H-tetrazoles 8 were ob-
tained from the 5-alkenyl-1H-tetrazoles 9 by catalytic hydro-
genation (method B).

The requisite nitriles were prepared as shown in Chart 3.
The alkoxyphenylacetonitriles 12 were obtained starting with
the corresponding benzaldehydes 10 via a three-step se-
quence: reduction with sodium borohydride and chlorination
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Table 1. Physical Data and Yields of 5-Substituted-1H-tetrazoles
e H
R‘Tl‘x'IB‘R’ "'\QJ—'PZTN‘L"
m N—~N
Gmi R EROX xR I e meo G0
29 Ph C-Me O 3 CH ¥4 CH, A 58 138—139  AC-H
30 Ph C-Me O 2 CH P CH, A 56 173—174  ME
31 Ph C-Me O 2 CH P (CH,), A 48 143—144  AC-H
32 Ph C-Me O 2 CH P (CH,), A 56 124—125 AC-H
33 Ph C-Me O 2 CH P (CH,), A 80 118—119  A-IP
34 Ph C-Me O 2 CH ¥4 CH=CH A 63 154—155  AC
35 Me C-Me O 2 CH P (CH,), A 45 2252269 ME-E
36 Cyclohexyl C-Me O 2 CH P (CH,), A 81 80—81 D-IP
37 3-(Me)C¢H, C-Me O 2 CH )4 (CHy), A 89 141—142  D-AC
38 2-(CHCH, C-Me O 2 CH P (CH,), A 43 124—125 D-AC
39 2-Thienyl C-Me O 2 CH ¥4 (CHy), A 47 143—144 ME
40 Ph C-Me O 2 N P (CH,), A 44 143—144  ET
41 Ph C-Me O 1 CH ¥4 CH, A 83 163—164  ET
42 Ph C-Me O 1 CH P (CHy), B 81 203—204 C-ME
43 Ph C-Me O 1 CH P (CH,), A 25 107—108  AC-H
44 Ph C-Me O 1 CH P (CH,), B 67 116—117 AC-H
45 Ph C-Me O 1 CH y4 (CH,)s A 46 129—130 AC-H
46 Ph C-Me O 1 CH ¥4 (CH=CH), A 57 203—204 ME
47 2-Naphthyl C-Me O 1 CH P (CH,), A 29 156—157 D-E
48 2-Furyl C-Me O 1 CH P (CH,), A 44 133—134  D-IP
49 2-Benzofuranyl C-Me O 1 CH )4 (CH,), A 46 121—122 D-IP
50 Ph C-Me O 1 CF P (CH,), A 57 114—115  D-IP
51 Ph C-Me O 1 COMe ¥4 (CHy), B 139 110—112  D-E
52 Ph C-Me O 1 N P (CH,), A 45 137—138  ME-AC
53 Ph C-Me O 1 N ¥4 (CHy), A 46 104—105  AC-H
54 Ph C-Me S 1 CH p (CH,), A 68 124—125  A-IP
55 Ph N NMe 1 CH P (CH,), A 83 159—160 D-ME
56 Ph C-Me O 1 CH m (CH,), B 81 94—95 AC-H
57 Ph C-Me O 1 CH o (CH,), B 55 148—149  D-ME
H
58 Phl—j'\ Q’ (CH Wur"ﬁ A 13 126127 C-IP
Me™ 0" “CH0
59 Ph C-Me O 1 CH y4 CH=CH A 85 214—215 C-ME
60 Ph C-Me O 1 CH m (CH=CH), A 520 201—202 ME
61 Ph C-Me O 1 CH o (CH=CH), A 40 192—193  D-ME

a) A=from the corresponding nitriles 6 or 7, B=from the corresponding 5-alkenyl-1H-tetrazoles 9.
AC=ethyl acetate, C=chloroform, D=dichloromethane, E=diethyl ether, ET=ethanol, H=hexane, IP=isopropy! ether, ME=methanol.

/) Yield from 15e.

b) Yield based on 6, 7 (method A) or 9 (method B). ¢) A=acetone,
d) Sodium salt. e) Yield from 17b.

namyl alcohols 15. Catalytic hydrogenation of the intermedi-

H
p‘“‘cn a | 3ATN'H ates 15 furnishe?d 3-phenylpropanqls, which were sequen-
R.o™x? Ro™x N—N tially treated with phosphorous tribromide and potassium
cyanide to yield the desired products 16. Oxidation of the
6 A = {CHgly,

8: A= (CHgly, j
7: A={CH=CH)pn 9: A={CH=CH},,

{a) NaNs, NHLCI, DMF; (b} Hy, 5% Pd-C, THF or EtOH.

Chart 2

with thionyl chloride to give the benzyl chlorides 11, fol-
lowed by cyanation with potassium cyanide. Treatment of the
benzaldehydes 10 with diethyl cyanomethylphosphonate gave
the cinnamonitriles 13 which were converted into the 3-
phenylpropionitriles 14 by catalytic hydrogenation. Synthesis
of the 4-phenylbutyronitriles 16 required a five-step se-
quence. The Horner-Emmons reaction of the benzaldehydes
10 yielded the cinnamates, which were reduced with di-
isobutylaluminium hydride (DIBAL-H) to provide the cin-

cinnamyl alcohols 15 with activated manganese dioxide gave
cinnamoaldehydes, which were transformed into the 5-
phenyvaleronitriles 18 via the unsaturated nitriles 17 by the
same reactions described for the synthesis of the propioni-
triles 14. Treatment of the aldehydes 10 under the Wittig re-
action conditions with phosphonium ylide generated the in-
termediates 19. Catalytic hydrogenation of 19 yielded the 6-
phenylhexanenitriles 20. The prepared nitriles are listed in
Table 2.

The starting 4-alkoxybenzaldehydes 10 were readily pre-
pared by a method described previously.”*!?

The pyridyl analogues 23, 26, 28 were synthesized as indi-
cated in Chart 4. Coupling of 2-chloro-5-nitropyridine with
the corresponding alkoxides gave 2-alkoxy-5-nitropyridines
which were reduced by catalytic hydrogenation to obtain 2-
alkoxy-5-aminopyridines 21. Diazotization of 21 followed by
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{a} NaBH,; (b} SOCly; (c) KCN; {d} (EtO);P(0)CHZCN, NaH; (e} Hz, 5% Pd-C:
{f) NaH, {Et0);P{OYCH3COR"; (g} DIBALH; (h} PBry: (i} KCN: (j} MnO3;
{K} {Et0);P{QICH,TN, NaH; (m) PhsP*(CH2)4CN Br', NaH,

Chart 3

treatment with acrylonitrile (Meerwein arylation) gave the 2-
bromopropionitriles 22 which were debrominated under cat-
alytic hydrogenation conditions to yield the 3-(6-alkoxy-3-
pyridyl)propionitriles 23. The Meerwein arylation of 21 with
methyl acrylate gave the 2-bromopropionates 24 which were
treated with 1,8-diazabicyclo[5,4,0Jundec-7-ene (DBU) fol-
lowed by reduction with DIBAL-H to obtain 3-pyridyl-2-
propen-1-ols 25. The -(6-alkoxy-3-pyridyl)butyro- and
valeronitriles 26, 28 were derived from 25 by using the gen-
eral procedures described in Chart 3. The 2- or 4-functional-
ized azoles used above were prepared by the procedure re-
ported by Meguro and co-researchers.'?

Biology

In Vitro. Peroxisome Proliferator-Activated Receptor ¥y
(PPARY)-Retinoid X Receptor o (RXRa) Heterodimer
Transactivation Assay PPARy:RXRa:PPREX4/CHO-
K1 cells were cultured in HAM F12 medium (Nissui
Seiyaku, Japan) containing 10% fetal bovine serum (Life
Technologies, Inc., U.S.A.) and then inoculated into a 96-
well white plate (Corning Coaster Corporation, U.S.A.) at a
density of 2X10* cells/well, and cultured in a carbonate gas
incubator at 37 °C overnight. After the washing of the white
plate with PBS (phosphate-buffered saline), 90 ul of HAM
F12 medium containing 0.1% fatty acid-free bovine serum
albumin (BSA) and 10 ul of the test substance were added to
the plate, which was then cultured in a carbonate gas incuba-
tor at 37 °C for 48 h. After removal of the medium, 40 ul of
PICAGENE 7.5 (Wako Pure Chemical Ind., Osaka, Japan)
was added, and after stirring, luciferase activity was deter-

mined using Lumistar (BMG Labtechnologies GmBH, Ger-
many). A fold induction was calculated based on the lu-
ciferase activity of each test substance with the luciferase ac-
tivity in the non-treatment group being regarded as 1. The
values of the test substance concentration and the fold induc-
tion were analyzed using PRISM 2.01 (GraphPad Software
Inc., U.S.A)) to calculate the EC,, the effective concentration
of a compound for the induction of 50% of maximum activ-
ity.

In Vivo The glucose and lipid lowering activities of the
compounds prepared were tested using KKAY mice® and
Wistar fatty rats.”

KKAY Mice (9—13 Weeks Old): After being fed a pow-
dered laboratory chow (CE-2, Clea Japan Inc., Tokyo, Japan)
for 3d, the mice were divided into experimental groups of
five animals each based on their blood glucose levels. The
test compounds were given as a dietary admixture at 0.01,
0.005, or 0.001% in the diet. The mice were fed the experi-
mental diet and water ad libitum for 4 d. Blood samples were
taken from the orbital vein. The plasma glucose and plasma
triglyceride levels were determined by enzyme methods
using the Tatrochem-GLU(A) and Iatro-MA701 TG kits (Ia-
tron Laboratories, Inc., Tokyo, Japan), respectively. The re-
spective values are shown as percent reduction from the con-
trol value. The effective dose to reduce plasma glucose and
triglyceride levels by 25% (ED,s) was determined using re-
sults of an experiment in which three different doses were
tested. The doses were selected in accordance with the po-
tency of the compound. The dosages of test compounds
(mg-kg '-d') were calculated from food intake and body
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Table 2. Physical Data and Yields of @w-Phenylalk(en)ylnitriles
N (CHaO Gﬂ;,cn
rbx B RN
Compd. R! B-R? R’ X S‘;'f)sstiltti‘;t:d z Yield (%)  mp (%) iﬁigft;
12a Ph C-Me H 0 P 2 CH, 819 109—110  AC-H
12b Ph C—Me H 0 p 1 CH, 88 98—99 A-IP
12¢ Ph C-Me H o) P 3 CH, 87" 79—80 AC-IP
13a Ph C—Me H 0 P 2 (E)-CH=CH 85”  112—113  AC-H
13b Me C-Me H 0 p 2 CH=CH (E:Z=ca.5:3) 87" oil —
13c Cyclohexyl C-Me H (0} )4 2 CH=CH(E:Z=ca.3:1) 799 Oil —
13d 3-(Me)CH, C-Me H o p 2 (E)-CH=CH 499 97—98 D-IP
13e 2-(CHCH, C-Me H 0 P 2 (E)-CH=CH 67  121—122  AC-H
13f 2-Thienyl C-Me H o) p 2 (E)-CH=CH 48»  146—147  D-IP
13g Ph C-Me H o) P 1 (E)-CH=CH 76" 97—98 AC-H
14a Ph C—Me H 0 p 2 (CHy), 939  109—110  AC-H
14b Me C-Me H o) P 2 (CH,), 1009 62—63 A-H
14c Cyclohexyl C-Me H 0 P 2 (CH,), 799 0il —
14d 3-(Me)C H, C-Me H 0 p 2 (CHy), 93 79—80 E-H
14e 2-(C)CH, C-Me H 0 P 2 (CH,), 659 85—86 ET
14f 2-Thienyl C-Me H 0 p 2 (CH,), 779 116—117  D-IP
16a Ph C-Me H o) P 2 (CH,), 264 69—70 ET-H
16b Ph C-Me H 0 P 1 (CH,), 479 73—74 AC-H
16¢ 2-Naphthyl C-Me H o) P 1 (CH,), 449 149—151 C-E
16d 2-Furyl C-Me H 0 P 1 (CH,), 639 0il —
16e 2-Benzofuranyl C-Me H O )4 1 (CH,), 679 118—119 D-IP
16f Ph C-Me H S P 1 (CH,), 809 91—92 A-IP
16g Ph N H NMe p 1 (CH,), 919  106—107  D-IP
17a Ph C-Me H 0 p 1 (CH=CH), 4890 120—121 AC-H
17b Ph C-Me OMe 0 P 1 (EE)-(CH=CH), 760 158—160  AC-E
17c Ph C—Me H 0 o 1 (EE)-(CH=CH), 529 128—129  ET-C
18a Ph C-Me H 0 P 2 (CHp, 869 56—57 E-IP
18b Ph C—Me F 0 P 1 (CHy), 89 68—69 E-H
Ph (CH2}4 “CN
18¢ l_ A ,@/ 640 6566  E-H
Me” 07 "CH,0
20a Ph C-Me H ¢} p 1 (CHys 68" 76—77 E-H

a) Yield based on 11.

b) Yield based on 10. ¢) Yield based on 13. d) Yield based on 15. ¢) Yield based on 4-(4-hydroxyphenyl)butyronitrile. f) A mixture of

(2E,AE) and (2ZAE) isomers (ca. 5:2). g) See footnote c) in Table 1.

KTMO—-I’T\V

22 X=Br
c.e 23 X=H

COuM. i
m sMe f.g WOH b, h, i WCN
R. B
0" N ' Ra™n Ro" N
24 25 26

1J-

28

(a) ROH, NaH; {b} Hy, 5% Pd-C; {¢) HBr, NaNG,; (d) CHp=CHCN, Cu,0; (8) CH;=CHCO;Ms,
Cu,0; (f) DBU; (g) DIBAL-H; (h) MsCl, NEty; (i) NaCN; (j) MnOy; (k} (EtO);P{O)CH,CHN, NaH.

Chart 4
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Table 3. Glucose and Lipid Lowering Activities of 5-Substituted-1H-tetrazoles in KKA* Mice
Glucose lowering activity” Lipid lowering activity®
Compd. Dose (%) Dose (%)
ED,;” ED,;”
0.001 0.005 0.01 0.001 0.005 0.01

29 29 25
30 L9 L
31 27%4) 45% 10.7 28
32 36%* 37*
33 33* L
34 L L
35 L L
36 26%* L
37 31* 33
38 L 22
39 38%* 32%
40 20%%* L
41 L L
42 L L
43 53%* 60** 1.89 T4%* T4** 1.85
44 43%* 62%+* 2.01 48%* T1** 5.63
45 30%* L
46 L L
47 46%* g5k
48 48%* 41%*
49 46%* ST**
50 22 L
51 L 24
52 47* 45%* 0.0839 81** 89** 0.13
53 20 55%% 1.36 L 36* >1.6
54 L L
55 L 28%*
56 L 26
57 20 24*
58 L 24%%*

1  Ciglitazone 31 25

2 Pioglitazone-HCl 6.0 6.0

5  Wy-49,322 42%%) 45%%0)

a) Maximum reductions in plasma glucose and plasma triglyceride levels at a dosage of 0.001, 0.005 or 0.01% in the diet were calculated as percent reduction with respect

to the control value.
d) Statistically significant at (O p<<0.05, ({IT) p<<0.01 by Dunnett’s test.

weight. The ED,; (mg-kg~'-d™") was then derived by linear
regression analysis.

Wistar Fatty Rats (10—15 Weeks Old): The rats were di-
vided into experimental groups of five animals each based on
their plasma glucose and triglyceride levels. They were orally
administered the compounds suspended in 0.5% methyl cel-
lulose (Wako Pure Chemical Ind., Osaka, Japan) at three dif-
ferent concentrations once per day for 6 d via a stomach tube.
They were fed a CE-2 pellet diet and water ad libitum. Blood
samples were taken from a tail vein. Plasma glucose and
triglyceride levels were measured and the ED,; was esti-
mated in the same fashion as described above.

Results and Discussion

Antidiabetic activities were initially determined for KKA”
mice. As noted in our previous paper on the 5-(4-alkoxyben-
zyl)-2,4-thiazolidinedione series of compounds, two-carbon
units between the azole ring and oxygen atom at the 4-posi-
tion of the benzyl group were the most effective in eliciting
the biological activity.'”’ Based on this finding, we began our
study with 5-alkyl-1H-tetrazoles possessing a 4-[2-(4-oxa-
zolyl)ethoxy]phenyl moiety at the w-position of the 5-alkyl
chain, and found that compound 31 (Table 3) had glucose

b) Effective dose (mg-kg™'-d™") for 25% reduction, estimated from a dose-response curve for three doses.

c) Less than 20% reduction at this dosage.

e) Compound was given as a dietary admixture at 0.02% in the diet.

lowering activity. Structure—activity relationship (SAR) stud-
ies on the 5-substituted-1H-tetrazoles related to 31 initially
focused on the length of the carbon chain between the tetra-
zole ring and the benzene ring. Studies of variation of the
polymethylene unit [(CH,),: n=1—4] showed that ethylene
(n=2) was the best spacer (31 vs. 30, 32, 33). Derivative 34
with an unsaturated two-carbon unit was less potent than the
corresponding saturated compound 31. With regard to the ef-
fect of a substituent at the 2-position of the oxazole ring, an
alkyl group was inferior to an aryl or a heteroaryl group (35,
36 vs. 31, 39), as was also the case for the 2,4-thiazolidine-
dione derivatives.'” Introduction of a substituent into the
benzene ring at the 2-position of the oxazole ring of 31 re-
sulted in a decrease in activity (31 vs. 37, 38). As regards the
central benzene ring, conversion into the pyridine ring re-
duced the antihyperglycemic activity (31 vs. 40). Thus, con-
siderable activity was observed for compounds with a 2-(4-
oxazolyl)ethoxy moiety (31—33, 36, 37, 39, 40), but these
tetrazole derivatives were less active than pioglitazone 2. We
found that antidiabetic activity was increased by extending
the spacer between the tetrazole ring and the benzene ring
from methylene (30: —(CH,)-) to ethylene (31: —(CH,),—).
Considering the effect of the distance between the oxazole
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Table 4. Glucose and Lipid Lowering Activities in Wistar Fatty Rats and Transcriptional Activities of PPARy of 5-Substituted- 1 H-tetrazoles

Glucose lowering activity

Lipid lowering activity Transcriptional activity of PPARy

Compd.
ED,;" ED," EC;, (nm)”
43 0.146 ND? 223
44 0.167 ND? 87.7
52 0.0873 0.0277 6.75
53 0.175 0.124 83.0
2 Pioglitazone - HCI 0.45 0.47 4909

a) See footnote b) in Table 3.  b) Not determined.

and the tetrazole moieties on activity, our attention was next
directed toward a series of compounds with a (4-oxazolyl)-
methoxy moiety (41—58). These derivatives, especially those
with a tri- or tetramethylene moiety as the spacer between the
central benzene ring and the tetrazole ring (43, 44, 47—49,
52, 53), demonstrated much more activity than the above-
mentioned compounds with a 2-(4-oxazolyl)ethoxy moiety.
However, compound 46 with an unsaturated carbon chain as
the spacer between the central benzene ring and the tetrazole
ring was less active than the corresponding saturated com-
pound 44. Exchange of both alkyl spacers on the central ben-
zene ring in compound 43 (-CH,—, -(CH,);—) resulted in
compound 29 with less potent activity. Altering the substitu-
tion pattern on the benzene ring also resulted in compounds
with less antidiabetic activity (44 vs. 56, 57). These findings
suggested that the spatial configuration of three aromatic
rings (oxazole, central benzene, tetrazole) connected by two
alkyl spacers (—<(CH,),— and Z (Table 1)) plays an important
role in determining activity. Derivatives with a 2-naphthyl, 2-
furyl, or 2-benzofuranyl group at the 2-position of the oxa-
zole ring were equipotent to the 2-phenyl derivative (47—49
vs. 43). Substitution of a thiazole or a triazole for the oxazole
ring, or shifting the side chain from the 4- to the 2-position
of the oxazole ring, significantly reduced potency (43 vs. 54,
55; 44 vs. 58). These findings contrast with our previous re-
sults for the 2,4-thiazolidinediones,'” for which no signifi-
cant difference was observed between the activities of the ox-
azole and thiazole derivatives, and of the 4-oxazolyl- and 2-
oxazolyl derivatives. Introduction of an additional substituent
into the central benzene ring also resulted in compounds with
less antidiabetic activity (44 vs. 50, 51). The pyridyl ana-
logues had activities either stronger than or comparable to
those of the parent compounds (43 vs. 52; 44 vs. 53). In par-
ticular, compound 52 (ED,;=0.0839 mg-kg '-d ') exhibited
an approximately 70-fold increase in antihyperglycemic
activity over pioglitazone hydrochloride (2: ED,;=6.0mg-
kg~ '-d™1).”” These findings were quite different from the re-
sult of compound 40 with a 2-(4-oxazolyl)ethoxy moiety on
the central pyridine ring as discussed above. These results
confirmed us that the spatial configuration of three aromatic
rings (oxazole, central benzene (central pyridine), tetrazole)
is very important to appear the potent activity and the pyri-
dine ring, especially, among three aromatic rings plays the
most crucial role in increasing antidiabetic effect. Wy-49,322
(5),'* reported as a novel hypoglycemic tetrazole derivative,
was less potent than the typical tetrazoles (43, 52) in this
model.

A number of potent analogues, 43, 44, 52, and 53, were
tested for their glucose and lipid lowering activities in Wistar

¢) Concentration required to induce 50% of the maximum luciferase activity. ) COS-1 cells were utilized.'®

Table 5. Physical Data and Yields of (E)-3-(Azolylalkoxy)phenyl-2-

propen-1-ols
° OH
N I:(CHanO ]:/}"/—/
| I
PhJ“o RN p

Me
5 Substituted Yield” mp Recryst.
Compd. R position " (%) (°C) solvent”
15a H p 2 79 127—128 AC
15b H P 1 93 133—134 AC-H
15¢ F P 1 80 134—135 D-IP
15d OMe P 1 61 137—138 AC-E
15e H m 1 75 120—121 AC
15f H 0 1 76 128—129 AC-IP
Ph
15 N m°” 27 154—155  C-IP
g Mo DJ\C Ha0

a) Yield based on 10. b) See footnote ¢) in Table 1.
ronitrobenzene. (See Experimental section.)

¢) Yield from 3,4-difluo-

fatty rats.” As shown in Table 4, SARs for these compounds
were almost the same as those in KKAY mice. The pyridyl
analogue 52 had the most potent glucose lowering activity
(ED,5=0.0873mg-kg '-d™"), and was about 5 times more
active than pioglitazone hydrochloride (2, ED,s=0.5mg-
kg~ '-d™").”” Moreover, these compounds were also evalu-
ated in the transactivation assay of PPARY as shown in Table
4. A correlation between the in vitro transcriptional activity
of PPARY and the in vivo glucose lowering activity in two
genetically obese and diabetic animal models, KKAY mice
and Wistar fatty rats, was demonstrated as expected.'”

In summary, we showed that a series of 5-substituted-1H-
tetrazoles had potent antidiabetic activities in KKAY mice
and Wistar fatty rats, that were genetically obese and diabetic
animal models. The tetrazole moiety suitably functioned as a
bioisostere for the acidic 2,4-thiazolidinedione ring. The re-
sults of the SAR studies identified that the spatial configura-
tion of three aromatic rings (oxazole, central benzene, tetra-
zole) connected by two alkyl spacers plays an important role
in determining the activity. Compound 52, the most potent
derivative in this series, and some of its congeners, enhanced
the remarkable PPARY transcriptional activity, suggesting
that this series of compounds act via the same mechanism re-
ported for 2,4-thiazolidinedione-type insulin sensitizers.

Experimental

All melting points were determined on a Yanagimoto micro melting point
apparatus, and are uncorrected. The 'H-NMR spectra were recorded on a
Varian Gemini-200 (200 MHz) spectrometer. Chemical shifts are given in &
values (ppm) using tetramethylsilane as an internal standard, and coupling
constants (J) are given in hertz. Elemental Analyses were performed by
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Takeda Analytical Research Laboratories, Ltd. and results obtained were
within £0.4% of the theoretical values. Column chromatography was per-
formed using SiO, (Merck Kieselgel 60, 70—230 mesh).

General Procedure for Method A. 5-[2-[4-[2-(5-Methyl-2-phenyl-4-0x-
azolyl)ethoxy]phenyl]ethyl]-1H-tetrazole (31) A mixture of 3-[4-[2-(5-
methyl-2-phenyl-4-oxazolyl)ethoxy]phenyl]propionitrile (14a, 700 mg, 2.1
mmol), sodium azide (411 mg, 6.3 mmol), ammonium chloride (337 mg, 6.3
mmol), and DMF (15ml) was stirred at 120 °C for 24 h, poured into water
and extracted with AcOEt. The extract was washed with water, dried
(MgSO0,), and concentrated in vacuo to give the title compound (31, 380 mg,
48%). '"H-NMR (CDCL,) §&: 2.39 (3H, s), 2.8—3.2 (6H, m), 4.15 2H, t, J=
6.5Hz), 6.65 (2H, d, /=8.5Hz), 6.85 (2H, d, J/=8.5Hz), 7.35—7.5 (3H, m),
7.9—38.0 (2H, m). Anal. Calcd for C,jH,,N;O,: C, 66.47; H, 5.30; N, 19.38.
Found: C, 66.52; H, 5.40; N, 18.98. Compounds 29, 30, 32—41, 43, 45—
50, 52—355, and 58—61 were obtained similarly. The yields, recrystalliza-
tion solvents, and melting points were listed in Table 1. 29; 'H-NMR
(CDCly) 6: 2.39 (3H, s), 2.85—3.0 (4H, m), 3.12 (2H, t, J=7 Hz), 4.15 (2H,
t, J=6.5Hz), 6.65 (2H, d, J=8.5Hz), 6.85 (2H, d, J=8.5Hz), 7.35—7.5
(3H, m), 7.85—8.0 (2H, m). Anal. Calcd for C, H,;N;O,: C, 67.18; H, 5.64;
N, 18.65. Found: C, 67.11; H, 5.62; N, 18.56. 30; '"H-NMR (CDCl,) §:
1.95—2.13 (2H, m), 2.30 (3H, s), 2.56—2.70 (2H, m), 3.87—3.96 (2H, m),
4.16 (2H, s), 6.60—6.72 (2H, m), 6.96—7.06 (2H, m), 7.34—7.46 (3H, m),
7.80—7.92 (2H, m). Anal. Caled for C, H, N;O,: C, 67.18; H, 5.64; N,
18.65. Found: C, 67.09; H, 5.72; N, 18.43. 32; 'TH-NMR (CDCl,) : 1.85—
2.05 (2H, m), 2.40 (3H, s), 2.51 (2H, t, J=7.5Hz), 2.74 (2H, t, J=7.5Hz),
2.98 (2H, t, J=6.5Hz), 4.20 (2H, t, J=6.5Hz), 6.69 (2H, d, /=8.5 Hz), 6.90
(2H, d, J/=8.5Hz), 7.35—7.45 (3H, m), 7.85—8.0 (2H, m). Anal. Calcd for
C,,H,;N;0,: C, 67.85; H, 5.95; N, 17.98. Found: C, 67.60; H, 6.03; N,
17.74. 33; 'H-NMR (CDCl,) 8: 1.4—1.6 (4H, m), 2.40 (3H, s), 2.46 (2H, t,
J=6.5Hz), 2.78 (2H, t, J=7.5Hz), 2.98 (2H, t, J=6.5Hz), 420 (2H, t,
J=6.5Hz), 6.67 (2H, d, J=8.5Hz), 6.90 (2H, d, J=8.5Hz), 7.35—7.5 (3H,
m), 7.85—8.0 (2H, m). 4nal. Calcd for C,;H,;N;O,: C, 68.47; H, 6.25; N,
17.36. Found: C, 68.54; H, 6.26; N, 17.15. 34; 'H-NMR (CDCl,) §: 2.42
(3H, s), 2.99 (2H, t, J=6.5Hz), 4.20 (2H, t, J=6.5Hz), 6.77 (2H, d,
J=9Hz), 6.96 (1H, d, J=16.5Hz), 7.31 (2H, d, /=9 Hz), 7.35—7.5 (3H, m),
7.65 (2H, d, J=16.5 Hz), 7.9—8.05 (2H, m). Anal. Calcd for C,;H,,N;O,: C,
67.55; H, 5.13; N, 18.75. Found: C, 67.20; H, 5.21; N, 18.19. 35; '"H-NMR
(CDCl,) o: 2.22 (3H, s), 2.36 (3H, s), 2.82 (2H, t, J=6.5Hz), 2.85—3.15
(4H, m), 4.11 (2H, t, J=6.5Hz), 6.77 (2H, d, J=8.5Hz), 7.09 (2H, d,
J=8.5Hz). 4nal. Calcd for C,;H,;N;O,Na-1/2H,0: C, 55.81; H, 5.56; N,
20.34. Found: C, 56.01; H, 5.82; N, 20.68. 36; "H-NMR (CDCl,) : 1.15—
2.1 (10H, m), 2.26 (3H, s), 2.71 (1H, tt, J=11, 3.5Hz), 2.85 (2H, t, J=6.5
Hz), 2.95—3.3 (4H, m), 4.04 (2H, t, J=6.5Hz), 6.64 (2H, d, /=8.5Hz),
6.93 (2H, d, J=8.5Hz). Anal. Calcd for C, H,;N,O,: C, 66.12; H, 7.13; N,
18.36. Found: C, 66.14; H, 7.41; N, 18.39. 37, 'H-NMR (CDCl,) &: 2.38
(6H, s), 2.8—3.2 (6H, m), 4.15 (2H, t, J=6.5Hz), 6.64 (2H, d, /=9 Hz),
6.84 (2H, d, /=9 Hz), 7.23 (1H, brd, /=8 Hz), 7.31 (1H, t, J=7.5Hz), 7.7—
7.8 (2H, m). Anal. Caled for C,,H;;N;O,: C, 67.85; H, 5.95; N, 17.97.
Found: C, 68.13; H, 6.14; N, 18.26. 38; 'H-NMR (CDCLy) &: 2.41 (3H, s),
2.8—3.2 (6H, m), 4.16 (2H, t, J=6.5Hz), 6.67 (2H, d, /=8.5Hz), 6.87 (2H,
d, J/=8.5Hz), 7.25—7.5 (3H, m), 7.8—7.9 (2H, m). Anal. Calcd for
C,,H,,CIN,O,: C, 61.54; H, 4.92; N, 17.09. Found: C, 61.53; H, 4.89; N,
17.24. 39; 'H-NMR (DMSO-d,) &: 2.32 (3H, s), 2.8—3.2 (6H, m), 4.14
(2H, t, J=6.5Hz), 6.82 (2H, d, J=8.5Hz), 7.09 (2H, d, J=8.5Hz), 7.19 (1H,
dd, J=5, 3.5Hz), 7.58 (1H, dd, J=3.5, 1Hz), 7.70 (1H, dd, J=5, 1Hz).
Anal. Caled for C,gH (N,O,S: C, 59.83; H, 5.02; N, 18.36. Found: C, 59.78;
H, 4.96; N, 18.18. 40; 'H-NMR (CDCl,) &: 2.34 (3H, s), 2.85—3.05 (4H,
m), 3.18 (2H, t, J=7Hz), 4.43 (2H, t, J=6.5Hz), 6.52 (1H, d, /=8.5Hz),
7.23 (1H, dd, J=38.5, 2.5Hz), 7.35—7.5 (3H, m), 7.79 (1H, d, J/=2.5Hz),
7.85—8.0 (2H, m). Anal. Calcd for C,H,,N;O,S: C, 63.82; H, 5.36; N,
22.33. Found: C, 63.53; H, 5.33; N, 22.23. 41; '"H-NMR (CDCl,) &: 2.45
(3H, s), 4.17 (2H, s), 4.87 (2H, s), 6.74 (2H, d, J=8.5Hz), 7.04 (2H, d,
J=8.5Hz), 7.35—7.5 (3H, m), 7.9—8.0 (2H, m). Anal. Calcd for
C,H,;N;O,: C, 65.70; H, 4.93; N, 20.16. Found: C, 65.65; H, 4.77; N,
20.18. 43; 'H-NMR (CDCl,) &: 1.15—1.35 (2H, m), 1.45—1.85 (4H, m),
2.46 (3H, s), 2.48 (2H, t, J=7.5Hz), 2.92 (2H, t, J=7.5Hz), 4.96 (2H, s),
6.81 (2H, d, /=8.5Hz), 6.98 (2H, d, /=8.5Hz), 7.4—7.5 (3H, m), 7.95—
8.05 (2H, m). Anal. Calcd for C, H,N;O,: C, 67.18; H, 5.64; N, 18.65.
Found: C, 67.15; H, 5.96; N, 18.56. 45; 'H-NMR (CDCl;) &: 1.95—2.15
(2H, m), 2.47 (3H, s), 2.57 (2H, t, J=7Hz), 2.83 (2H, t, J=8 Hz), 4.93 (2H,
s), 6.74 (2H, d, /=9 Hz), 6.92 (2H, d, /=9 Hz), 7.4—7.5 (3H, m), 7.9—8.05
(2H, m). Anal. Calcd for C,3H,sN;O,: C, 68.47; H, 6.25; N, 17.36. Found: C,
68.36; H, 6.34; N, 17.50. 46; 'H-NMR (CDCl,) &: 2.49 (3H, s), 4.99 (2H, s),
6.45—6.75 (3H, m), 6.94 (2H, d, /=9 Hz), 7.34 (2H, d, /=9 Hz), 7.4—7.55
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(4H, m), 7.95—38.1 (2H, m). Anal. Calcd for C,,H,,N,O,: C, 68.56; H, 4.97;
N, 18.17. Found: C, 68.53; H, 4.96; N, 18.11. 47; '"H-NMR (dimethyl sulfox-
ide (DMSO)-dy) &: 1.9—2.1 (2H, m), 2.49 (3H, s), 2.59 (2H, t, J=7.5Hz),
2.87 (2H, t, J=7.5Hz), 5.01 (2H, s), 6.99 (2H, d, J=8.5Hz), 7.16 (2H, d,
J=8.5Hz), 7.55—7.7 (2H, m), 7.9—8.15 (4H, m), 8.54 (1H, s). Anal. Calcd
for C,sH,;NO,: C, 70.57; H, 5.44; N, 16.46. Found: C, 70.38; H, 5.41; N,
16.59. 48; '"H-NMR (CDCl;) &: 1.95—2.15 (2H, m), 2.45 (3H, s), 2.58 (2H,
t, J=7Hz), 2.86 (2H, t, J=8Hz), 4.93 (2H, s), 6.53 (1H, dd, J=3, 1.5Hz),
6.74 (2H, d, J/=8.5Hz), 6.93 (2H, d, J/=8.5Hz), 7.00 (1H, d, /=3 Hz), 7.48
(1H, d, J=1.5Hz). Anal. Calcd for C,,H,,N;O5-1/4H,0: C, 61.70; H, 5.31;
N, 18.93. Found: C, 61.86; H, 5.22; N, 19.07. 49; 'H-NMR (CDCl,) §:
2.0—2.2 (2H, m), 2.50 (3H, s), 2.59 (2H, t, /=7 Hz), 2.90 (2H, t, J=7.5 Hz),
4.97 (2H, s), 6.74 (2H, d, J=8.5Hz), 6.93 (2H, d, /=8.5Hz), 7.25—7.7 (5H,
m). Anal. Caled for C,;H, N;O,-1/4H,0: C, 65.78; H, 5.16; N, 16.68.
Found: C, 65.75; H, 5.28; N, 16.82. 50; '"H-NMR (CDCl,) §: 1.5—1.8 (4H,
m), 2.46 (3H, s), 2.50 (2H, t, J=7Hz), 2.94 (2H, t, J=7.5Hz), 5.02 (2H, s),
6.65—6.8 (2H, m), 6.89 (1H, t, J=8.5Hz), 7.35—7.5 (3H, m), 7.9—8.0
(2H, m). Anal. Calcd for C,,H,,FN;O,: C, 64.85; H, 5.44; N, 17.19. Found:
C, 64.67; H, 5.16; N, 17.21. 52; 'H-NMR (CDCly) &: 1.9—2.15 (2H, m),
2.49 (3H, s), 2.54 (2H, t, J=7Hz), 2.89 (2H, t, J=7.5Hz), 5.26 (2H, s), 6.55
(1H, d, J/=8.5Hz), 7.25 (1H, dd, J=8.5, 2 Hz), 7.35—7.5 (3H, m), 7.79 (1H,
d, J/=2Hz), 7.9—8.0 (2H, m). 4nal. Calcd for C,,H,)N,O,: C, 63.82; H,
5.36; N, 22.33. Found: C, 63.75; H, 5.35; N, 22.56. 53; '"H-NMR (CDCL,) ¢:
1.5—1.8 (4H, m), 2.47 (2H, t, J=6.5Hz), 2.49 (3H, s), 2.96 (2H, t,
J=7.5Hz), 5.26 (2H, s), 6.55 (1H, d, J=8.5Hz), 7.23 (1H, dd, /=8.5, 2 Hz),
7.35—7.5 (3H, m), 7.79 (1H, d, /=2 Hz), 7.9—8.0 (2H, m). Anal. Calcd for
C,;H,,N,O,: C, 64.60; H, 5.68; N, 21.52. Found: C, 64.42; H, 5.47; N,
21.57. 54; '"H-NMR (CDCl,) &: 1.85—2.1 (2H, m), 2.53 (2H, t, J=7Hz),
2.56 (3H, s), 2.77 (2H, t, J=7.5Hz), 5.10 (2H, s), 6.77 (2H, d, /=9 Hz),
6.90 (2H, d, J=9Hz), 7.35—7.5 (3H, m), 7.75—7.9 (2H, m). Anal. Calcd
for C, H,N;O,S: C, 64.43; H, 5.41; N, 17.89. Found: C, 64.24; H, 5.40; N,
17.74. 55; '"H-NMR (CDCl;) §: 1.9—2.1 (2H, m), 2.54 (2H, t, J=7Hz),
2.82 (2H, t, J=7.5Hz), 4.02 (3H, s), 5.23 (2H, s), 6.79 (2H, d, J=8.5Hz),
6.94 (2H, d, J/=8.5Hz), 7.35—7.5 (3H, m), 7.95—8.1 (2H, m). Anal. Calcd
for C,,H, N;O: C, 63.98; H, 5.64; N, 26.12. Found: C, 63.87; H, 5.52; N,
26.03. 58; '"H-NMR (CDCl,) §: 1.45—1.75 (4H, m), 2.50 (2H, t, J=7Hz),
2.56 (3H, s), 2.80 (2H, t, J=7Hz), 5.14 (2H, s), 6.5—6.6 (2H, m), 6.81 (2H,
d, J/=8.5Hz), 6.95 (2H, d, J/=8.5Hz), 7.3—7.45 (3H, m), 7.55—7.65 (2H,
m). Anal. Caled for C,,H,;N;O,: C, 67.85; H, 5.95; N, 17.98. Found: C,
67.51; H, 5.99; N, 17.79. 59; '"H-NMR (DMSO-d,) &: 2.48 (3H, s), 5.08
(2H, s), 7.12 (2H, d, J=8.5Hz), 7.16 (1H, d, J/=16.5Hz), 7.45—7.55 (3H,
m), 7.61 (1H, d, J=16.5Hz), 7.68 (2H, d, J=8.5Hz), 7.9—8.0 (2H, m).
Anal. Caled for C,0H,;N;O,: C, 66.84; H, 4.77; N, 19.49. Found: C, 66.50;
H, 4.75; N, 19.46. 60; 'H-NMR (DMSO-d,) §: 2.48 (3H, s), 5.06 (2H, s),
6.75—7.05 (3H, m), 7.15—7.55 (8H, m), 7.9-8.0 (2H, m). Anal. Calcd for
C,,H\(N;O,: C, 68.56; H, 4.97; N, 18.17. Found: C, 68.24; H, 4.64; N,
17.99. 61; "TH-NMR (DMSO-d,) &: 2.46 (3H, s), 5.11 (2H, s), 6.72 (1H, d,
J=15.5Hz), 6.95—7.7 (10H, m), 7.9—8.05 (2H, m). Anal. Calcd for
C,,H|(N;O,: C, 68.56; H, 4.97; N, 18.17. Found: C, 68.25; H, 491; N,
18.33.

General Procedure for Method B. 5-[2-[4-(5-Methyl-2-phenyl-4-oxa-
zolylmethoxy)phenyl]ethyl]-1H-tetrazole (42) A mixture of 5-[2-[4-(5-
methyl-2-phenyl-4-oxazolylmethoxy)phenyl]vinyl]-1H-tetrazole (59, 1.00 g,
2.8 mmol), 5% Pd-C (50% wet, 0.50 g), and 1,4-dioxane (100 ml) was hy-
drogenated at 1 atm. After removal of the catalyst by filtration and the filtrate
was concentrated in vacuo to give the title compound (42, 810 mg, 81%).
'H-NMR (CDCly) &: 2.46 (3H, s), 2.95—3.3 (4H, m), 4.93 (2H, s), 6.82
(2H, d, J=8.5Hz), 6.96 (2H, d, J=8.5Hz), 7.4—7.5 (3H, m), 7.95—8.1
(2H, m). Anal. Calcd for C,yH,(N;O,: C, 66.47; H, 5.30; N, 19.38. Found: C,
66.30; H, 5.33; N, 19.25. Compounds 44, 51, 56, and 57 were obtained simi-
larly. The yields, recrystallization solvents, and melting points were listed in
Table 1. 44; "H-NMR (CDCl,) &: 1.5—1.8 (4H, m), 2.45 (3H, s), 2.49 (2H,
t, J=7Hz), 291 (2H, t, J=7.5Hz), 4.92 (2H, s), 6.75 (2H, d, J=8.5Hz),
6.93 (2H, d, J/=8.5Hz), 7.35—7.5 (3H, m), 7.9—8.05 (2H, m). Anal. Calcd
for C,,H,;N;0,: C, 67.85; H, 5.95; N, 17.98. Found: C, 67.39; H, 5.80; N,
17.70. 51; '"H-NMR (CDCl,) §: 1.5—1.85 (4H, m), 2.44 (3H, s), 2.50 (2H, t,
J=17.5Hz), 2.91 (2H, t, J=7.5Hz), 3.73 (3H, s), 4.98 (2H, s), 6.5—6.6 (2H,
m), 6.80 (1H, d, /=8Hz), 7.35—7.5 (3H, m), 7.85—8.05 (2H, m). Anal.
Caled for Cp3H,N;O5: C, 65.86; H, 6.01; N, 16.70. Found: C, 65.59; H,
5.92; N, 16.73. 56; '"H-NMR (CDCl,) &: 1.5—1.8 (4H, m), 2.46 (3H, s),
2.50 (2H, t, J=6.5Hz), 2.92 (2H, t, J=7.5Hz), 4.94 (2H, s), 6.53 (1H, brt,
J=1.5Hz), 6.65—6.8 (2H, m), 7.13 (1H, t, J=8Hz), 7.4—7.5 (3H, m),
7.9—38.0 (2H, m). Anal. Calcd for C,,H,;N,O,: C, 67.85; H, 5.95; N, 17.98.
Found: C, 67.58; H, 6.07; N, 17.99. 57; '"H-NMR (DMSO-d,) &: 1.45—1.8
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(4H, m), 2.42 (3H, s), 2.59 (2H, t, /=7 Hz), 2.86 (2H, t, /=7 Hz), 5.02 (2H,
s), 6.8—6.95 (1H, m), 7.05—7.25 (3H, m), 7.45—7.6 (3H, m), 7.85—8.0
(2H, m). Anal. Caled for C,,H,;N;O,: C, 67.85; H, 5.95; N, 17.98. Found: C,
67.65; H, 5.79; N, 18.18.

The starting aldehydes (10a—h) were prepared following the procedure
reported previously by Sohda et al. %1%

4-[2-(2,5-Dimethyl-4-oxazolyl)ethoxy]benzaldehyde (10a) 'H-NMR
(CDCLy) 8: 2.25 (3H, s), 2.38 (3H, s), 2.89 (2H, t, J=6.5Hz), 4.26 (2H, t,
J=6.5Hz), 6.98 (2H, d, /=9 Hz), 7.81 (2H, d, /=9 Hz), 9.87 (1H, s).

4-[2-(2-Cyclohexyl-5-methyl-4-oxazolyl)ethoxy]benzaldehyde (10b)
'H-NMR (CDCly) &: 1.2—2.1 (10H, m), 2.25 (3H, s), 2.69 (1H, tt, J=11,
3.5Hz), 291 (2H, t, J=6.5Hz), 4.26 (2H, t, J=6.5Hz), 6.98 (2H, d,
J=9Hz), 7.81 (2H, d, /=9 Hz), 9.87 (1H, s).

4-[2-[5-Methyl-2-(3-methylphenyl)-4-oxazolyl]ethoxy]|benzaldehyde
(10c) mp 81—82°C (AcOEt-hexane). 'H-NMR (CDCl,) §: 2.38 (3H, s),
2.40 (3H, s), 3.01 (2H, t, J=6.5Hz), 4.34 (2H, t, J=6.5Hz), 7.00 (2H, d,
J=9Hz), 7.22 (1H, brd, J/=7.5Hz), 7.32 (1H, t, J=7.5Hz), 7.7—7.85 (4H,
m), 9.87 (1H, s). Anal. Calcd for C,)H,,NO;: C, 74.75; H, 5.96; N, 4.36.
Found: C, 74.55; H, 5.87; N, 4.31.

4-[2-[2-(2-Chlorophenyl)-5-methyl-4-oxazolyl]ethoxy]benzaldehyde
(10d) mp 74—75°C (Et,O-hexane). 'H-NMR (CDCl;) &: 2.40 (3H, s),
3.05 (2H, t, J=6.5Hz), 4.36 (2H, t, J=6.5Hz), 7.01 (2H, d, J=8.5Hz),
7.3—7.5 (3H, m), 7.82 (2H, d, J=8.5Hz), 7.85—7.95 (1H, m), 9.87 (1H, s).
Anal. Caled for C,(H,,CINO;: C, 66.77; H, 4.72; N, 4.10. Found: C, 67.06;
H, 4.64; N, 4.04.

4-|2-[5-Methyl-2-(2-thienyl)-4-oxazolyl]ethoxy]|benzaldehyde (10e)
mp 96—97°C (CH,Cl,~isoPr,0). '"H-NMR (CDCl;) §: 2.36 (3H, s), 2.99
(2H, t, J=6.5Hz), 4.32 (2H, t, J=6.5 Hz), 6.99 (2H, d, J=8.5Hz), 7.08 (1H,
dd, J=5, 3.5Hz), 7.37 (1H, dd, J=5, 1.5Hz), 7.59 (1H, dd, J=3.5, 1.5 Hz),
7.81 (2H, d, /=8.5Hz), 9.87 (1H, s). Anal. Calcd for C,;H,sNO,S: C, 65.16;
H, 4.82; N, 4.47. Found: C, 64.98; H, 4.98; N, 4.57.

2-(5-Methyl-2-phenyl-4-oxazolylmethoxy)benzaldehyde (10f) mp 95—
96 °C (AcOEt-Et,0). 'H-NMR (CDCl,) &: 2.45 (3H, s), 5.14 (2H, s), 7.07
(1H, t, J=7.5Hz), 7.22 (1H, d, J=8.5Hz), 7.4—7.5 (3H, m), 7.57 (1H, ddd,
J=8.5, 7.5, 2Hz), 7.86 (1H, dd, /=8, 2Hz), 7.95—28.1 (2H, m), 10.51 (1H,
s). Anal. Calcd for C,{H,sNO;: C, 73.71; H, 5.15; N, 4.78. Found: C, 73.45;
H,4.99; N, 4.77.

3-Methoxy-4-(5-methyl-2-phenyl-4-oxazolylmethoxy)benzaldehyde
(10g) mp 126—127°C (AcOEt-hexane). 'H-NMR (CDCl,) &: 2.45 (3H,
s), 3.93 (3H, s), 5.15 (2H, s), 7.22 (1H, d, J=7.5Hz), 7.35—7.55 (5H, m),
7.9—28.1 (2H, m), 9.86 (1H, s). Anal. Calcd for C,¢H;;NO,: C, 70.58; H,
5.30; N, 4.33. Found: C, 70.51; H, 5.26; N, 4.21.

4-(5-Methyl-4-phenyl-2-oxazolylmethoxy)benzaldehyde (10h) mp
90—91 °C (AcOEt-isoPr,0). 'H-NMR (CDCl,) &: 2.56 (3H, s), 5.22 (2H,
s), 7.17 (2H, d, J=8.5Hz), 7.25—7.5 (3H, m), 7.6—7.7 (2H, m), 7.8—7.9
(2H, m), 9.90 (1H, s). Anal. Calcd for C,(H,sNO;: C, 73.71; H, 5.15; N,
4.78. Found: C, 73.58; H, 5.08; N, 4.73.

4-[2-(5-Methyl-2-phenyl-4-oxazolyl)ethoxy]benzyl Chloride (11a)
Sodium borohydride (473 mg, 12.5 mmol) was added to an ice-cooled mix-
ture of 4-[2-(5-methyl-2-phenyl-4-oxazolyl)ethoxy]benzaldehyde (7.7 g, 25
mmol) and MeOH (100 ml). The mixture was stirred at room temperature
for 2 h, quenched with acetic acid (2 ml), concentrated in vacuo, and treated
with water to give 4-[2-(5-methyl-2-phenyl-4-oxazolyl)ethoxy]benzyl alco-
hol (6.9 g, 88%). mp 109—110°C (AcOEt-hexane). 'H-NMR (CDCl,) &:
1.64 (1H, t, J=6Hz), 2.38 (3H, s), 2.98 (2H, t, J=6.5Hz), 4.24 (2H, t, J=
6.5Hz), 4.61 (2H, d, J=6Hz), 6.89 (2H, d, /=8.5Hz), 7.27 (2H, d, J=8.5
Hz), 7.35—7.5 (3H, m), 7.9—8.0 (2H, m). Anal. Calcd for C,,H,,NO;: C,
73.77; H, 6.19; N, 4.53. Found: C, 73.78; H, 6.27; N, 4.45.

Thionyl chloride (3.1 g, 26 mmol) was added to a stirred solution of 4-[2-
(5-methyl-2-phenyl-4-oxazolyl)ethoxy]benzyl alcohol (6.8 g, 22 mmol) in
CHCI; (100 ml). After stirring for 1 h, the reaction mixture was washed suc-
cessively with aqueous sodium bicarbonate and brine. The organic layer was
separated, dried (MgSO,), and concentrated to give the title compound (11a,
6.5g, 79%). mp 93—94°C (AcOEt-hexane). 'H-NMR (CDCl,) &: 2.38
(3H, s), 2.98 (2H, t, J=6.5Hz), 4.25 (2H, t, J=6.5Hz), 4.56 (2H, s), 6.88
(2H, d, J=8.5Hz), 7.29 (2H, d, J=8.5Hz), 7.35—7.5 (3H, m), 7.9—8.0
(2H, m). Anal. Calcd for C,yH,,CINO,: C, 69.62; H, 5.53; N, 4.27. Found:
C, 69.90; H, 5.54; N, 4.23.

4-(5-Methyl-2-phenyl-4-oxazolylmethoxy)benzyl chloride (11b) was pre-
pared similarly. yield 92%. mp 108—109°C (AcOEt-hexane). 'H-NMR
(CDCL,) 6: 2.44 (3H, s), 4.58 (2H, s), 5.00 (2H, s), 7.01 (2H, d, /=8.8 Hz),
7.33 (2H, d, J/=8.8Hz), 7.40—7.50 (3H, m), 7.98—8.05 (2H, m). Anal.
Caled for CgH,(CINO,: C, 68.90; H, 5.14; N, 4.46. Found: C, 68.91; H,
5.19; N, 4.36.
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4-[2-(5-Methyl-2-phenyl-4-oxazolyl)ethoxy|phenylacetonitrile (12a) A
mixture of 4-[2-(5-methyl-2-phenyl-4-oxazolyl)ethoxy]benzyl chloride (11a,
6.4 g, 20 mmol), potassium cyanide (4.0 g, 61 mmol), and DMF (50 ml) was
stirred at 60 °C for 2 h. The reaction mixture was poured into water and ex-
tracted with AcOEt. The extract was washed with brine, dried (MgSO,), and
concentrated in vacuo to give the title compound (12a, 5.2¢g, 81%). 'H-
NMR (CDCl,) d: 2.38 (3H, s), 2.98 (2H, t, J=6.5Hz), 3.68 (2H, s), 4.25
(2H, t, J=6.5Hz), 6.90 (2H, d, /=8.5Hz), 7.22 (2H, d, J=8.5Hz), 7.35—
7.5 3H, m), 7.9—8.0 (2H, m). 4nal. Calcd for C,H(N,O,: C, 75.45; H,
5.70; N, 8.80. Found: C, 75.52; H, 5.77; N, 8.73.

4-(5-Methyl-2-phenyl-4-oxazolylmethoxy)phenylacetonitrile (12b) and 4-
[3-(5-methyl-2-phenyl-4-oxazolyl)propoxy]phenylacetonitrile (12¢) were
prepared similarly. The yields, recrystallization solvents, and melting points
were listed in Table 2. 12b; '"H-NMR (CDCL,) &: 2.44 (3H, s), 3.70 (2H, s),
5.00 (2H, s), 7.03 (2H, d, /=9 Hz), 7.26 (2H, d, /=9 Hz), 7.4—7.5 (3H, m),
7.95—8.1 (2H, m). Anal. Calcd for C,,H (N,O,: C, 74.98; H, 5.30; N, 9.20.
Found: C, 74.77; H, 5.25; N, 9.04. 12¢; 'H-NMR (CDCl;) &: 2.10—2.23
(2H, m), 2.28 (3H, s), 2.70 (2H, t, J=7.2Hz), 3.68 (2H, s), 3.98 (2H, t,
J=6.0Hz), 6.86—6.95 (2H, m), 7.16—7.26 (2H, m), 7.38—7.48 (3H, m),
7.94—28.02 (2H, m). Anal. Calcd for C,;H,)N,0,: C, 75.88; H, 6.06; N,
8.43. Found: C, 75.81; H, 6.24; N, 8.29.

General Procedure for (E)-4-(Azolylalkoxy)cinnamonitriles (13). (E)-
4-[2-(5-Methyl-2-phenyl-4-oxazolyl)ethoxy]cinnamonitrile (13a) An ice-
cooled solution of diethyl cyanomethylphosphonate (8.2g, 47 mmol) in
tetrahydrofuran (THF, 150 ml) was treated with sodium hydride (60% in oil,
2.0g, 50mmol) for 15min, and then 4-[2-(5-methyl-2-phenyl-4-
oxazolyl)ethoxy]benzaldehyde (13.0 g, 42 mmol) was added to the mixture.
The resultant was stirred for 30 min, poured into water, and extracted with
AcOEt. The extract was washed with brine, dried (MgSO,), and concen-
trated in vacuo to give the title compound (13a, 11.8 g, 85%). 'H-NMR
(CDCL,) 6: 2.38 (3H, s), 3.00 (2H, t, J=6.5Hz), 4.29 (2H, t, J=6.5Hz),
5.71 (1H, d, J=16.5Hz), 6.91 (2H, d, J=9Hz), 7.33 (1H, d, J=16.5Hz),
7.3—7.5 (5H, m), 7.9—38.0 (2H, m). 4nal. Calcd for C, H(N,0,: C, 76.34;
H, 5.49; N, 8.48. Found: C, 76.04; H, 5.55; N, 8.27. Compounds 13b—g
were obtained similarly. The yields, recrystallization solvents, and melting
points were listed in Table 2. 13b (E: Z=ca. 5:3); 'H-NMR (CDCl,) §: 2.24
(3H, s), 2.38 (3H, s), 2.88 (2H, t, J=7 Hz), 4.21 (major, t, J=7 Hz) and 4.23
(minor, t, J=7Hz) total 2H, 5.28 (minor, d, J/=12Hz) and 5.71 (major, d,
J=16.5Hz) total 1H, 6.89 (major, d, /=9 Hz) and 6.93 (minor, d, /=9 Hz)
total 2H, 7.02 (minor, d, /=12 Hz) and 7.32 (major, d, J/=16.5 Hz) total 1H,
7.37 (major, d, J=9Hz) and 7.77 (minor, d, J=9Hz) total 2H. 13c
(E:Z=ca. 3:1); '"H-NMR (CDCl,) &: 1.2—2.1 (10H, m), 2.24 (3H, s),
2.6—2.8 (1H, m), 2.89 (2H, t, J=7Hz), 4.20 (major, t, J=7Hz) and 4.21
(minor, t, J/=7Hz) total 2H, 5.28 (minor, d, J=12Hz) and 5.70 (major, d,
J=16.5Hz) total 1H, 6.88 (major, d, /=9 Hz) and 6.91 (minor, d, /=9 Hz)
total 2H, 7.02 (minor, d, /=12 Hz) and 7.32 (major, d, J=16.5 Hz) total 1H,
7.37 (major, d, J=9Hz) and 7.76 (minor, d, /=9 Hz) total 2H. 13d; 'H-
NMR (CDCly) é: 2.37 (3H, s), 2.40 (3H, s), 2.99 (2H, t, J=6.5Hz), 4.28
(2H, t, J=6.5Hz), 5.70 (1H, d, J=16.5Hz), 6.90 (2H, d, J=9 Hz), 7.15—7.4
(5H, m), 7.5—7.85 (2H, m). Anal. Calcd for C,,H,)N,0,: C, 76.72; H, 5.85;
N, 8.13. Found: C, 76.48; H, 5.88; N, 8.09. 13e; '"H-NMR (CDCl,) §: 2.40
(3H, s), 3.03 (2H, t, J=6.5Hz), 431 (2H, t, J=6.5Hz), 5.71 (I1H, d,
J=16.5Hz), 6.92 (2H, d, /=9 Hz), 7.2—7.55 (6H, m), 7.85—7.95 (1H, m).
Anal. Calcd for C,,H,,CIN,O,: C, 69.14; H, 4.70; N, 7.68. Found: C, 69.11;
H, 4.69; N, 7.65. 13f; '"H-NMR (CDCl;) &: 2.35 (3H, s), 2.97 (2H, t,
J=6.5Hz), 4.26 (2H, t, J=6.5Hz), 5.70 (1H, d, J=16.5Hz), 6.89 (2H, d,
J=8.5Hz), 7.08 (1H, dd, /=5, 4Hz), 7.3—7.45 (4H, m), 7.58 (1H, dd, /=4,
1 Hz). Anal. Calcd for C,yH,,N,0,S: C, 67.84; H, 4.79; N, 8.33. Found: C,
67.68; H, 4.80; N, 8.38. 13g; 'H-NMR (CDCl,) &: 2.45 (3H, s), 5.03 (2H, s),
5.73 (1H, d, J=16.5Hz), 7.04 (2H, d, J=9Hz), 7.34 (1H, d, J/=16.5Hz),
7.35—7.5 (5H, m), 7.95—8.05 (2H, m). Anal. Calcd for C,(H,(N,O,: C,
75.93; H, 5.10; N, 8.85. Found: C, 75.77; H, 5.14; N, 8.94.

General Procedure for 3-[4-(Azolylalkoxy)phenyl]propionitriles (14).
3-[4-[2-(5-Methyl-2-phenyl-4-oxazolyl)ethoxy]phenyl|propionitrile (14a)
A mixture of (E)-4-[2-(5-methyl-2-phenyl-4-oxazolyl)ethoxy]cinnamonitrile
(13a, 4.0 g, 12 mmol), 5% Pd-C (50% wet, 0.5g), and AcOEt (50 ml) was
hydrogenated at 1 atm. After removal of the catalyst by filtration, the filtrate
was concentrated in vacuo to give the title compound (14a, 3.7 g, 93%). 'H-
NMR (CDCly) é: 2.37 (3H, s), 2.56 (2H, t, J=7.5Hz), 2.89 2H, t, J=7.5
Hz), 2.98 (2H, t, J=7Hz), 424 (2H, t, J=7Hz), 6.87 (2H, d, J=8.5Hz),
7.13 (2H, d, J=8.5Hz), 7.85—8.0 (3H, m), 7.9—8.05 (2H, m). Anal. Calcd
for C,,H,,N,0,: C, 75.88; H, 6.06; N, 8.43. Found: C, 75.83; H, 6.19; N,
8.28. Compounds 14b—f were obtained similarly. The yields, recrystalliza-
tion solvents, and melting points were listed in Table 2. 14b; 'H-NMR
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(CDCly) 6: 2.24 (3H, s), 2.37 (3H, s), 2.57 (2H, t, J=7 Hz), 2.8—2.95 (4H,
m), 4.16 (2H, t, J=7Hz), 6.85 (2H, d, J=8.5Hz), 7.13 (2H, d, J=8.5 Hz).
Anal. Caled for C,¢H4{N,0,: C, 71.09; H, 6.71; N, 10.36. Found: C, 70.99;
H, 6.93; N, 10.64. 14¢; '"H-NMR (CDCl,) &: 1.2—2.1 (10H, m), 2.24 (3H,
s), 2.57 (2H, t, J=7.5Hz), 2.69 (1H, tt, J=11.5, 3.5Hz), 2.87 2H, t, J=7
Hz), 2.89 (2H, t, J=7.5Hz), 4.14 (2H, t, J=7Hz), 6.84 (2H, d, /=8.5Hz),
7.12 (2H, d, J/=8.5 Hz). 14d; 'H-NMR (CDCl,) &: 2.37 (3H, s), 2.40 (3H, s),
2.56 (2H, t, J=7.5Hz), 2.89 (2H, t, J=7.5Hz), 2.97 (2H, t, J=7Hz), 4.23
(2H, t, J=7Hz), 6.86 (2H, d, J=8.5Hz), 7.12 (2H, d, /=8.5Hz), 7.21 (1H,
brd, J=8Hz), 7.31 (1H, t, J=7.5Hz), 7.7—7.85 (2H, m). Anal. Calcd for
C,,H,,N,0,: C, 76.28; H, 6.40; N, 8.09. Found: C, 76.43; H, 6.55; N, 8.02.
14e; 'H-NMR (CDCly) &: 2.39 (3H, s), 2.57 (2H, t, J=7.5Hz), 2.88 (2H, t,
J=7.5Hz), 3.00 (2H, t, J=6.5Hz), 424 (2H, t, J=6.5Hz), 6.87 (2H, d,
J=8.5Hz), 7.12 (2H, d, J=8.5Hz), 7.25—7.5 (3H, m), 7.85—28.0 (1H, m).
14f; 'H-NMR (CDCl,) 8: 2.35 (3H, s), 2.57 (2H, t, J=7.5 Hz), 2.89 (2H, t,
J=7.5Hz), 2.95 (2H, t, J=6.5Hz), 421 (2H, t, J=6.5Hz), 6.85 (2H, d,
J=8.5Hz), 7.08(1H, dd, J=5, 3.5Hz), 7.12 (2H, d, J=8.5Hz), 7.36 (1H, dd,
J=5, 1Hz), 7.58 (1H, dd, J=3.5, 1 Hz). Anal. Calcd for C,,H;4]N,0,S: C,
67.43; H, 5.36; N, 8.28. Found: C, 67.37; H, 5.27; N, 8.33.

General Procedure for (E)-3-[4-(Azolylalkoxy)phenyl]-2-propen-1-ols
(15). (E)-3-[4-(5-Methyl-2-phenyl-4-oxazolylmethoxy)phenyl]-2-propen-
1-0l (15b) A stirred and ice-cooled solution of triethyl phosphonoacetate
(3.3 g, 15mmol) in THF (100 ml) was treated with sodium hydride (60% in
oil, 620 mg, 16 mmol) for 15 min. 4-(5-Methyl-2-phenyl-4-oxazolymethoxy)-
benzaldehyde (3.9 g, 13 mmol) was added to the mixture, and the resultant
was stirred at room temperature for 1 h. The reaction mixture was poured
into water and extracted with AcOEt. The extract was washed with water,
dried (MgSO,), and concentrated in vacuo to give ethyl (£)-4-(5-methyl-
2-phenyl-4-oxazolylmethoxy)cinnamate (4.5g, 96%). mp 145—146°C
(AcOEt-hexane). '"H-NHR (CDCl,) §: 1.33 (3H, t, J=7Hz), 2.45 (3H, s),
4.26 (2H, q, J=7THz), 5.03 (2H, s), 6.32 (1H, d, /=16 Hz), 7.03 (2H, d, J=9
Hz), 7.4—7.55 (5H, m), 7.65 (1H, d, J/=16Hz), 7.95—8.1 (2H, m). Anal.
Calcd for C,,H,NO,: C, 72.71; H, 5.82; N, 3.85. Found: C, 72.78; H, 5.85;
N, 3.88.

DIBAL-H (1.5M in toluene, 16 ml, 24 mmol) was added dropwise to a
stirred and ice-cooled solution of ethyl (E)-4-(5-methyl-2-phenyl-4-oxa-
zolylmethoxy)cinnamate (4.4 g, 12 mmol) in CH,Cl, (80ml). After stirring
for 1 h, 2~n HCI (50 ml) was added to the mixture with cooling, and then the
resultant was stirred at room temperature for 1 h. The organic layer was sep-
arated, dried (MgSO,), and concentrated in vacuo to give the title compound
(15b, 3.8 g, 93%). 'H-NMR (CDCly) &: 2.44 (3H, s), 4.25—4.35 (2H, m),
5.00 (2H, ), 6.25 (1H, dt, J=16, 6 Hz), 6.57 (1H, d, J=16 Hz), 6.98 (2H, d,
J=9Hz), 7.34 (2H, d, J=9Hz), 7.35—7.5 (3H, m), 7.95—8.1 (2H, m).
Anal. Caled for C,(H (NO;-1/4H,0: C, 73.72; H, 6.03; N, 4.30. Found: C,
73.60; H, 6.01; N, 4.23. Compounds 15a and 15d—g were obtained simi-
larly. The yields, recrystallization solvents, and melting points were listed in
Table 5. 15a; 'H-NMR (CDCl,) §: 1.42 (1H, t, J=6 Hz), 2.27 (3H, s), 2.98
(2H, t, J=6.5Hz), 4.25 (2H, t, J=6.5 Hz), 4.25—4.35 (2H, m), 6.22 (1H, dt,
J=16, 6 Hz), 6.55 (1H, d, J=16Hz), 6.86 (2H, d, /=9 Hz), 7.30 (2H, d,
J=9Hz), 7.35—7.5 (3H, m), 7.9—8.05 (2H, m). Anal. Calcd for
C,,H,,NO;: C, 75.20; H, 6.31; N, 4.18. Found: C, 74.84; H, 6.27; N, 4.17.
15d; 'H-NMR (CDCl,) &: 2.41 (3H, s), 3.88 (3H, s), 4.25—4.4 (2H, m),
5.06 (2H, s), 6.25 (1H, dt, J=16, 6 Hz), 6.55 (1H, d, J=16 Hz), 6.85—7.05
(3H, m), 7.35—7.5 3H, m), 7.95—8.1 (2H, m). 4nal. Calcd for C,,H,NO,:
C, 71.78; H, 6.02; N, 3.99. Found: C, 71.60; H, 6.05; N, 3.71. 15¢; 'H-NMR
(CDCL,) 8: 1.49 (1H, t, J=6 Hz), 2.44 (3H, s), 4.25—4.4 (2H, m), 5.01 (2H,
s), 6.37 (1H, dt, /=16, 5.5Hz), 6.60 (1H, d, /=16 Hz), 6.85—7.1 (3H, m),
7.25 (1H, t, J=8 Hz), 7.4—7.55 (3H, m), 7.95—38.1 (2H, m). Anal. Calcd for
C,HyNO;: C, 74.75; H, 5.96; N, 4.36. Found: C, 74.78; H, 5.76; N, 4.39.
15f; 'H-NMR (CDCl,) &: 2.40 (3H, s), 4.25—4.4 (2H, m), 5.02 (2H, s), 6.37
(1H, dt, /=16, 6 Hz), 6.9—7.1 (3H, m), 7.15—7.3 (1H, m), 7.4—7.5 (4H,
m), 7.95—8.1 (2H, m). 4nal. Calcd for C, H,,NO;: C, 74.75; H, 5.96; N,
4.36. Found: C, 74.37; H, 6.06; N, 4.47. 15g; "H-NMR (CDCl,) §: 2.55 (3H,
s), 4.25—4.4 (2H, m), 5.14 (2H, s), 6.25 (1H, dt, J=16, 6 Hz), 6.56 (1H, d,
J=16Hz), 7.00 (2H, d, J=9Hz), 7.25—7.5 (5H, m), 7.6—7.7 (2H, m).
Anal. Calcd for C,H,,NO;-1/4H,0: C, 73.72; H, 6.03; N, 4.30. Found: C,
73.74; H, 5.99; N, 4.01.

(E)-3-[3-Fluoro-4-(5-methyl-2-phenyl-4-oxazolylmethoxy)phenyl]-2-
propen-1-ol (15¢) Sodium hydride (60% in oil, 2.22 g, 55.5 mmol) was
added gradually to a mixture of 5-methyl-2-phenyl-4-oxazolemethanol (10.0
g, 52.9 mmol), 3,4-difluoronitrobenzene (8.83 g, 55.5 mmol), and DMF (100
ml) at 0°C. After stirring at room temperature for 3 h, the reaction mixture
was poured onto ice-H,O and acidified with 2 N HCI to give crystals. Recrys-
tallization from CH,Cl,-MeOH gave 4-(2-fluoro-4-nitrophenoxymethyl)-5-

Vol. 50, No. 1

methyl-2-phenyloxazole (14.0 g, 81%) as colorless prisms. mp 155—156 °C.
'H-NMR (CDCl,) §: 2.47 (3H, s), 5.19 (2H, s), 7.33 (1H, dd, J=9, 8 Hz),
7.4—7.5 (3H, m), 7.95—8.05 (3H, m), 8.07 (1H, ddd, /=9, 3, 1.5 HHz). Anal.
Caled for C,;H;FN,0,: C, 62.20; H, 3.99; N, 8.53. Found: C, 61.79; H,
3.92; N, 8.46.

A solution of 4-(2-fluoro-4-nitrophenoxymethyl)-5-methyl-2-phenyloxa-
zole (13.6 g, 41.4mmol) in THF (200 ml) was hydrogenated on 5% Pd-C
(50% wet, 2.00 g) at 1 atm. After removal of the catalyst by filtration, the fil-
trate was concentrated in vacuo to give 3-fluoro-4-(5-methyl-2-phenyl-4-ox-
azolylmethoxy)aniline (12.3 g, quant.) as an oil. 'H-NMR (CDCl,) &: 2.38
(3H, s), 3.53 (2H, brs), 4.96 (2H, s), 6.35 (1H, ddd, J=8.5, 3, 1.5 Hz), 6.46
(1H, dd, J=12.5, 3Hz), 6.91 (1H, t, J=9 Hz), 7.35—7.5 (3H, m), 7.95—8.1
(2H, m).

A solution of sodium nitrite (3.13 g, 45.4 mmol) in water (5 ml) was added
dropwise to a stirred and ice-cooled mixture of 3-fluoro-4-(5-methyl-2-
phenyl-4-oxazolylmethoxy)aniline (12.3 g, 41.2mmol), hydrobromic acid
(47%, 28.4 g, 164 mmol), MeOH (50 ml), and acetone (150 ml) below 5 °C.
After stirring for 15 min, methyl acrylate (21.3 g, 247 mmol) was added and
the temperature was raised to 35 °C. Powdered copper(I) oxide (50 mg) was
added gradually to the vigorously stirred mixture. After a nitrogen gas evo-
lution had ceased, the reaction mixture was concentrated in vacuo. The
residue was diluted with ammonia solution (25% in water) and extracted
with AcOEt. The extract was washed with water, dried (MgSO,), and con-
centrated to leave an oil which was purified by column chromatography on
Si0, (200 g) with AcOEt-hexane (1:4, v/v) to give methyl 2-bromo-3-[3-
fluoro-4-(5-methyl-2-phenyl-4-oxazolylmethoxy)phenyl]propionate (14.2 g,
75%) as an oil. '"H-NMR (CDCly) &: 2.42 (3H, s), 3.16 (1H, dd, J=14,
7Hz), 3.39 (1H, dd, /=14, 8.5 Hz), 3.73 (3H, s), 4.34 (1H, dd, J=8.5, 7Hz),
5.05 (2H, s), 6.85—7.0 (2H, m), 7.07 (1H, t, J=8.5Hz), 7.35—7.5 (3H, m),
7.95—8.05 (2H, m).

A mixture of methyl 2-bromo-3-[3-fluoro-4-(5-methyl-2-phenyl-4-oxazolyl-
methoxy)phenyl]propionate (14.2 g, 31.7 mmol), DBU (4.83 g, 31.7 mmol),
and toluene (150 ml) was stirred at 80—90 °C for 2 h. The reaction mixture
was diluted with 2~ HCI and extracted with AcOEt. The extract was washed
with water, dried (MgSO,), and concentrated in vacuo to give ethyl (E)-3-
fluoro-4-(5-methyl-2-phenyl-4-oxazolylmethoxy)cinnamate (10.0 g, 86%) as
crystals. mp 167—168 °C (CH,Cl,-MeOH). '"H-NMR (CDCl,) §: 2.45 (3H,
s), 3.80 (3H, s), 5.11 (2H, s), 6.30 (1H, d, /=16Hz), 7.1—7.35 (3H, m),
7.4—17.5 (3H, m), 7.59 (1H, d, /=16 Hz), 7.95—8.05 (2H, m). Anal. Calcd
for C,;H ;FNO,: C, 68.66; H, 4.94; N, 3.81. Found: C, 68.62; H, 4.66; N,
3.85.

DIBAL-H (1.5M in toluene, 37.2 ml, 55.8 mmol) was added dropwide to a
stirred solution of ethyl (£)-3-fluoro-4-(5-methyl-2-phenyl-4-oxazolyl-
methoxy)cinnamate (9.30g, 25.3 mmol) in CH,Cl, (200ml) at 0°C. After
stirring at room temperature for 2 h, the reaction mixture was quenched with
2N HCI and extracted with CH,Cl,. The extract was washed with water,
dried (MgSO,), and concentrated in vacuo to leave an oil which was purified
by column chromatography on SiO, (200 g) with AcOEt-CHCl, (1:5, v/v)
to give the title compound (15¢, 6.85g, 80%). mp 134—135°C
(CH,Cl,-isoPr,0). 'TH-NMR (CDCl,) &: 1.53 (1H, brs), 2.43 (3H, s), 4.25—
435 (2H, m), 5.07 (2H, s), 6.23 (1H, dt, J=16, 5.5Hz), 6.52 (IH, d,
J=16Hz), 7.0—7.2 (3H, m), 7.35—7.5 (3H, m), 7.95—8.05 (2H, m). Anal.
Calcd for C,,H,(FNO;: C, 70.78; H, 5.35; N, 4.13. Found: C, 70.56; H, 5.31;
N, 4.15.

General Procedure for 4-[4-(Azolylalkoxy)phenyl]butyronitriles (16).
4-[4-(5-Methyl-2-phenyl-4-oxazolylmethoxy)phenyl]butyronitrile (16b)
A mixture of (E)-3-[4-(5-methyl-2-phenyl-4-oxazolylmethoxy)phenyl]-2-
propen-1-ol (15b, 3.0 g, 9.3 mmol), 5% Pd-C (50% wet, 500 mg), and 1,4-
dioxane (50 ml) was hydrogenated at 1 atm. After removal of the catalyst by
filtration, the filtrate was concentrated in vacuo to give 3-[4-(5-methyl-2-
phenyl-4-oxazolylmethoxy)phenyl]propan-1-ol (2.8 g, 93%). mp 72—73°C
(AcOEt-hexane). 'H-NMR (CDCl,) &: 1.40 (1H, brs), 1.8—2.0 (2H, m),
2.43 (3H, s), 2.66 (2H, t, J=7.5Hz), 3.67 (2H, brq, J=6Hz), 4.98 (2H, s),
6.95 (2H, d, /=8.5Hz), 7.13 (2H, d, J=8.5Hz), 7.4—7.5 (3H, m), 7.95—
8.1 (2H, m). Anal. Calcd for C,,H, NO;: C, 74.28; H, 6.55; N, 4.33. Found:
C,73.94; H, 6.79; N, 4.17.

Phosphorus tribromide (1.1 g, 4.1 mmol) was added dropwise to a stirred
solution of 3-[4-(5-methyl-2-phenyl-4-oxazolylmethoxy)phenyl]propan-1-ol
(2.6 g, 8.0mmol) in benzene (50 ml) at room temperature. The mixture was
stirred at 60 °C for 30 min, poured into water, and extracted with AcOEt.
The extract was washed with water, dried (MgSO,), and concentrated in
vacuo to give 3-[4-(5-methyl-2-phenyl-4-oxazolylmethoxy)phenyl]propyl
bromide (1.7g, 55%). mp 81—82°C (Et,0O-hexane). 'H-NMR (CDCl;) &:
2.05—2.25 (2H, m), 2.44 (3H, s), 2.73 (2H, t, J=7.5Hz), 3.39 (2H, t, J=6.5
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Hz), 4.98 (2H, s), 6.96 (2H, d, J=8.5Hz), 7.13 (2H, d, /=8.5Hz), 7.4—7.5
(3H, m), 7.95—8.1 (2H, m). Anal. Calcd for C,,H,,BrNO,: C, 62.19; H,
5.22; N, 3.63. Found: C, 62.11; H, 5.30; N, 3.47.

A mixture of 3-[4-(5-methyl-2-phenyl-4-oxazolylmethoxy)phenyl]propyl
bromide (1.5g, 3.9mmol), powdered potassium cyanide (1.52g, 23.4
mmol), and DMF (30 ml) was stirred at 80 °C for 3 h, poured into water, and
extracted with AcOEt. The extract was washed with water, dried (MgSO,),
and concentrated in vacuo to give the title compound (16b, 1.2 g, 92%). 'H-
NMR (CDCl,) 6: 1.85—2.05 (2H, m), 2.31 (2H, t, J=7Hz), 2.44 (3H, s),
2.73 (2H, t, J=7.5Hz), 4.98 (2H, s), 6.97 (2H, d, J=9Hz), 7.12 (2H, d,
J=9Hz), 7.4—7.5 (3H, m), 7.95—28.1 (2H, m). Anal. Calcd for C,;H,,N,0,:
C, 75.88; H, 6.06; N, 8.43. Found: C, 75.72; H, 6.28; N, 8.16. Compound
16a was obtained similarly. The yield, recrystallization solvent, and melting
point were listed in Table 2. 16a; 'H-NMR (CDCl,) §: 1.85—2.05 (2H, m),
229 (2H, t, J=7Hz), 2.38 (3H, 5), 2.71 (2H, t, J=7Hz), 2.97 2H, t, J=6.5
Hz), 4.23 (2H, t, J=6.5Hz), 6.84 (2H, d, /=8.5Hz), 7.07 (2H, d, /=8.5 Hz),
7.35—7.5 (3H, m), 7.9—8.0 (2H, m). Anal. Calcd for C,,H,,N,0,- 1/2H,0:
C,74.34; H, 6.52; N, 7.88. Found: C, 74.68; H, 6.35; N, 7.83.

4-[4-(5-Methyl-2-phenyl-4-thiazolylmethoxy)phenyl]butyronitrile
(16f) A mixture of 4-(4-hydroxyphenyl)butyronitrile (1.00 g, 6.20 mmol),
4-chloromethyl-5-methyl-2-phenylthiazole (1.53 g, 6.84 mmol), potassium
carbonate (945 mg, 6.84 mmol), and DMF (30 ml) was stirred at 85—90 °C
for 2h. The reaction mixture was poured into water and extracted with
AcOEt. The extract was washed with water, dried (MgSO,), and concen-
trated in vacuo to give the title compound. Recrystallization from
acetone—isoPr,0 gave colorless prisms (16f, 1.73 g, 80%). mp 91—92 °C.
'H-NMR (CDCl,) &: 1.85—2.05 (2H, m), 2.31 (2H, t, J=7Hz), 2.53 3H,
s), 2.73 (2H, t, J=7.5Hz), 5.16 (2H, s), 7.00 (2H, d, /=9 Hz), 7.12 (2H, d,
J=9Hz), 7.35—7.5 (3H, m), 7.85—7.95 (2H, m). Anal. Calcd for
C,,H,N,0OS: C, 72.38; H, 5.78; N, 8.04. Found: C, 72.37; H, 5.90; N, 7.90.
Compounds 16c—e and 16g were obtained similarly. The yields, recrystal-
lization solvents, and melting points were listed in Table 2. 16¢; 'H-NMR
(CDCL,) &: 1.85—2.1 (2H, m), 2.32 (2H, t, J=7Hz), 2.49 (3H, s), 2.74 (2H,
t, J=7.5Hz), 5.02 (2H, s), 6.99 (2H, d, J=9Hz), 7.13 (2H, d, J=9Hz),
7.45—7.6 (2H, m), 7.8—8.0 (3H, m), 8.13 (1H, dd, J=8.5, 1.5Hz), 8.53
(1H, s). Anal. Calcd for C,sH,,N,0,: C, 78.51; H, 5.80; N, 7.32. Found: C,
78.06; H, 5.60; N, 7.07. 16d; "H-NMR (CDCl,) &: 1.85—2.05 (2H, m), 2.31
(2H, t, J=7Hz), 2.42 (3H, s), 2.72 (2H, t, J=7.5 Hz), 4.97 (2H, s), 6.52 (2H,
dd, J/=3.5, 2Hz), 6.9—7.0 (3H, m), 7.10 (2H, d, /=9 Hz), 7.53 (1H, dd, J=
2, 1Hz). 16e; 'H-NMR (CDCl;) &: 1.85—2.05 (2H, m), 2.31 (2H, t, J=7
Hz), 2.48 (3H, s), 2.73 (2H, t, J=7.5Hz), 5.02 (2H, s), 6.96 (2H, d, J=8.5
Hz), 7.12 (2H, d, J=9Hz), 7.2—7.45 (3H, m), 7.55—7.7 (2H, m). Anal.
Calcd for C,3H,,N,0;: C, 74.18; H, 5.41; N, 7.52. Found: C, 73,87; H, 5,43;
N, 7.23. 16g; 'H-NMR (CDCL,) §: 1.85—2.05 (2H, m), 2.30 (2H, t, J=7
Hz), 2.73 (2H, t, J=7.5Hz), 4.00 (3H, s), 5.27 (2H, s), 6.98 (2H, d, J=9
Hz), 7.12 (2H, d, J=9 Hz), 7.3—7.5 (3H, m), 8.0—8.1 (2H, m). Anal. Calcd
for C,,H,(N,O: C, 72.27; H, 6.06; N, 16.86. Found: C, 72.17; H, 5.96; N,
16.71.

General Procedure for 5-(Azolylalkoxyphenyl)-2,4-pentadienonitriles
(17). 5-[4-(5-Methyl-2-phenyl-4-oxazolylmethoxy)phenyl]-2,4-pentadieno-
nitrile (17a) A mixture of (£)-3-[4-(5-methyl-2-phenyl-4-oxazolyl-
methoxy)phenyl]-2-propen-1-ol (15b, 3.7 g, 12 mmol), manganese dioxide
(activated, 9.0 g), and CH,Cl, (80 ml) was stirred at room temperature for
1h. The insoluble solid was filtered, and the filtrate was concentrated in
vacuo to give (E)-4-(5-methyl-2-phenyl-4-oxazolylmethoxy)cinnamaldehyde
(2.6g, 70%). mp 114—115°C (AcOEt-hexane). 'H-NMR (CDCL,) &: 2.46
(3H, s), 5.05 (2H, s), 6.63 (1H, dd, /=16, 8 Hz), 7.08 (2H, d, /=9 Hz), 7.4—
7.5 (4H, m), 7.55 (2H, d, /=9 Hz), 7.95—38.1 (2H, m), 9.67 (1H, d, J=8 Hz).
Anal. Calcd for C,)H;NO;: C, 75.22; H, 5.37; N, 4.39. Found: C, 75.15; H,
5.40; N, 4.36.

An ice-cooled solution of diethyl cyanomethylphosphonate (1.3g,
7.5mmol) in THF (50 ml) was treated with sodium hydride (60% in oil,
320 mg, 8.0 mmol) for 15 min. (£)-4-(5-Methyl-2-phenyl-4-oxazolylmethoxy)-
cinnamaldehyde (2.0 g, 6.3 mmol) was added to the mixture, and the stirring
was continued for 30 min. The reaction mixture was poured into water and
extracted with AcOEt. The extract was washed with water, dried (MgSO,),
and concentrated in vacuo to give the title compound (17a, 1.5 g, 68%). mp
120—121 °C (AcOEt-hexane). "H-NMR (CDCl,) &: 2.45 (3H, s), 5.03 (2H,
s), 5.18 (d, /=10Hz) and 5.38 (d, /=16 Hz) total 1H, 6.7—7.2 (5H, m),
7.35—7.55 (5H, m), 7.95—8.1 (2H, m). Anal. Calcd for C,,H;(N,O,: C,
77.17; H, 5.30; N, 8.18. Found: C, 77.03; H, 5.24; N, 8.04. Compounds 17b
and 17¢ were obtained similarly. The yields, recrystallization solvents, and
melting points were listed in Table 2. 17b; 'H-NMR (CDCl,) §: 2.43 (3H, s),
3.90 (3H, s), 5.08 (2H, s), 5.39 (1H, d, /=16 Hz), 6.6—7.25 (6H, m), 7.35—
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7.55 (3H, m), 7.95—8.1 (2H, m). Anal. Calcd for C,;H,N,O;: C, 74.18; H,
5.41; N, 7.52. Found: C, 74.12; H, 5.48; N, 7.41. 17¢; '"H-NMR (CDCLy) 6:
2.41 (3H, s), 5.05 (2H, s), 5.33 (1H, d, J=15.5Hz), 6.8—7.4 (7TH, m), 7.4—
7.5 3H, m), 7.95—8.1 (2H, m). Anal. Calcd for C,,H{N,O,: C, 77.17; H,
5.30; N, 8.18. Found: C, 77.00; H, 5.42; N, 8.22.

General Procedure for 5-[4-(Azolylalkoxy)phenyl]valeronitriles (18).
5-[3-Fluoro-4-(5-methyl-2-phenyl-4-oxazolylmethoxy)phenyl]valeroni-
trile (18b) A mixture of (E)-3-[3-fluoro-4-(5-methyl-2-phenyl-4-oxazolyl-
methoxy)phenyl]-2-propen-1-ol (15¢, 6.63 g, 19.5 mmol), manganese diox-
ide (activated, 12.0 g), and CH,Cl, (100 ml) was stirred at room temperature
for 16 h. The insoluble solid was filtered, and the filtrate was concentrated in
vacuo to give (E)-[3-fluoro-4-(5-methyl-2-phenyl-4-oxazolylmethoxy)]cin-
namaldehyde (5.91g, 90%). mp 133—134°C (CH,Cl,-MeOH). 'H-NMR
(CDCL,) 6: 2.46 (3H, s), 5.03 (2H, s), 6.59 (1H, dd, J=16, 7.5Hz), 7.15—
7.5 (7H, m), 7.95—8.05 (2H, m), 9.66 (1H, d, J=7.5Hz). Anal. Calcd for
C,0H,(FNO;: C, 71.21; H, 4.78; N, 4.15. Found: C, 71.19; H, 4.68; N, 4.20.

An ice-cooled solution of (E)-[3-fluoro-4-(5-methyl-2-phenyl-4-oxazolyl-
methoxy)]cinnamaldehyde (1.21g, 3.59 mmol), diethyl cyanomethylphos-
phonate (700 mg, 3.95 mmol), and DMF (30 ml) was treated with sodium
hydride (60% in oil, 160 mg, 4.0 mmol) for 30 min with stirring. The reac-
tion mixture was poured into water and extracted with AcOEt. The extract
was washed with water, dried (MgSO,), and concentrated in vacuo. The
residue was dissolved in THF (30 ml)-EtOH (30 ml) and then hydrogenated
at 1 atm. After removal of the catalyst by filtration, the filtrate was concen-
trated in vacuo. The residue was purified by column chromatography on
Si0, (50 g) with AcOEt-hexane (1:4, v/v) to give the title compound (18b,
1.29 g, 99%). mp 68—69 °C (Et,0-hexane). 'H-NMR (CDCl,) §: 1.55—
1.85 (4H, m), 2.35 (2H, t, J=6.5Hz), 2.43 (3H, s), 2.60 (2H, t, J=7Hz),
5.05 (2H, s), 6.8—6.95 (2H, m), 7.05 (1H, t, J=8.5Hz), 7.4—7.5 (3H, m),
7.95—8.1 (2H, m). Anal. Calcd for C,,H,,FN,O,: C, 72.51; H, 5.81; N,
7.69. Found: C, 72.36; H, 5.63; N, 7.74. Compounds 18a and 18¢ were ob-
tained similarly. The yields, recrystallization solvents, and melting points
were listed in Table 2. 18a; 'H-NMR (CDCly) o: 1.5—1.85 (4H, m), 2.33
(2H, t, J=7Hz), 2.38 (3H, s), 2.59 (2H, t, J=7Hz), 2.98 (2H, t, J=7Hz),
422 (2H, t, J=T7Hz), 6.83 (2H, d, J=8.5Hz), 7.06 (2H, d, J=8.5Hz),
7.35—7.5 (3H, m), 7.95—8.05 (2H, m). Anal. Calcd for C,;H,,N,0,: C,
76.64; H, 6.71; N, 7.77. Found: C, 76.70; H, 6.46; N, 7.69. 18¢; 'H-NMR
(CDCL,) o: 1.55—1.9 (4H, m), 2.34 (2H, t, J=6.5Hz), 2.5—2.7 (5H, m),
5.11 (2H, s), 6.97 (2H, d, J=8.5Hz), 7.10 (2H, d, J=8.5Hz), 7.2—7.5 (3H,
m), 7.6—8.0 (2H, m). 4nal. Calcd for C,,H,,N,0,: C, 76.28; H, 6.40; N,
8.09. Found: C, 75.98; H, 6.23; N, 7.89.

6-[4-(5-Methyl-2-phenyl-4-oxazolylmethoxy)phenyl]hexanenitrile
(20a) A stirred suspension of (4-cyanobutyl)triphenylphosphonium bro-
mide (3.26 g, 7.68 mmol) in DMF (30 ml) was treated with sodium hydride
(60% in oil, 310mg, 7.75 mmol) for 1h. 4-(5-Methyl-2-phenyl-4-oxazolyl-
methoxy)benzaldehyde (1.50g, 5.11 mmol) was added to the mixture, and
the resultant was stirred at 70—80°C for 5h. The reaction mixture was
poured into water, neutralized with 2~ HCI, and extracted with AcOEt. The
extract was washed with water, dried (MgSO,), and concentrated in vacuo.
The residue was purified by column chromatography on SiO, (30 g) with
AcOEt-hexane (1:4, v/v) to give an oil. The oil was dissolved in THF
(40 ml) and hydrogenated on 5% Pd—C (50% wet, 300 mg) at 1 atm. After re-
moval of the catalyst by filtration, the filtrate was concentrated in vacuo to
leave an oil which was purified by column chromatography on SiO, (40 g)
with AcOEt-hexane (1:4, v/v) to give the title compoumd (20a, 1.25g,
68%). mp 76—77°C (Et,O-hexane). 'H-NMR (CDCl,) &: 1.4—1.8 (6H,
m), 2.33 (2H, t, J=7Hz), 2.44 (3H, s), 2.58 (2H, t, J=7.5Hz), 4.98 (2H, s),
6.95 (2H, d, /=8.5Hz), 7.10 (2H, d, J=8.5Hz), 7.4—7.5 (3H, m), 7.95—
8.1 (2H, m). Anal. Calcd for C,;H,,N,0,: C, 76.64; H, 6.71; N, 7.77. Found:
C, 76.61; H, 6.70; N, 7.70.

General Procedure for 5-Amino-2-(oxazolylalkoxy)pyridines (21). 5-
Amino-2-(5-methyl-2-phenyl-4-oxazolylmetoxy)pyridine (21a) An ice-
cooled solution of 5-methyl-2-phenyl-4-oxazolemethanol (8.00g, 42.3
mmol) and 2-chloro-5-nitropyridine (7.04 g, 44.4 mmol) in DMF (150 ml)
was treated with sodium hydride (60% in oil, 1.78 g, 44.5 mmol) for 3 h,
poured into ice-water, neutralized with 2N HCI to give 2-(5-methyl-2-
phenyl-4-oxazolylmethoxy)-5-nitropyridine (11.0 g, 84%). mp 142—143°C
(CH,Cl,-isoPr,0). Anal. Calcd for C,(H,5N;0,: C, 68.31; H, 5.37; N, 14.94.
Found: C, 67.98; H, 5.35; N, 15.10.

A mixture of 2-(5-methyl-2-phenyl-4-oxazolylmethoxy)-5-nitropyridine
(6.00 g, 19.3 mmol), 5% Pd-C (50% wet, 4.00g), THF (80ml), and EtOH
(80 ml) was hydrogenated at 1 atm. After removal of the catalyst by filtration
and the filtrate was concentrated in vacuo to give the title compound (21a,
4.83 g, 81%). mp 106—107 °C (MeOH-isoPr,0). 'H-NMR (CDCl,) &: 2.46
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(3H, s), 3.39 (2H, brs), 5.21 (2H, s), 6.68 (1H, d, J=9Hz), 7.04 (1H, dd,
J=9, 3Hz), 7.35—7.5 (3H, m), 7.67 (1H, d, /=3 Hz), 7.95—8.1 (2H, m).
Anal. Caled for C,¢H,sN;0,: C, 61.73; H, 4.21; N, 13.50. Found: C, 61.39;
H, 4.18; N, 13.57.

5-Amino-[2-(5-methyl-2-phenyl-4-oxazolyl)ethoxy]pyridine (21b) was
obtained similarly. yield 65% (from 2-(5-methyl-2-phenyl-4-oxazolyl)-
ethanol). mp 107—108 °C (AcOEt-hexane). "H-NMR (CDCl,) &: 2.33 (3H,
s), 2.96 (2H, t, J=7Hz), 4.47 (2H, t, J=T7Hz), 6.57 (1H, d, J=8.5Hz), 7.02
(1H, dd, J=8.5, 3Hz), 7.3—7.5 (3H, m), 7.65 (1H, d, /=3 Hz), 7.9—8.05
(2H, m). Anal. Calcd for C,;H,,N;0,: C, 69.14; H, 5.80; N, 14.23. Found: C,
69.01; H, 5.94; N, 13.99.

2-Bromo-3-[6-[2-(5-methyl-2-phenyl-4-oxazolyl)ethoxy]-3-pyridyl]pro-
pionitrile (22) A solution of sodium nitrite (2.33 g, 33.8 mmol) in wa-
ter (10ml) was added dropwise to a stirred and ice-cooled mixture of
5-amino-2-[2-(5-methyl-2-phenyl-4-oxazolyl)ethoxy]pyridine (21b, 9.00g,
30.5 mmol), hydrobromic acid (47%, 21.2g, 123 mmol), and acetone (150
ml) below 5°C. After stirring for 20 min, acrylonitrile (9.75 g, 184 mmol)
was added and the temperature was raised to 27 °C. Powdered copper(I)
oxide (200 mg) was added gradually to the vigorously stirred mixture. After
a nitrogen gas evolution had ceased, the reaction mixture was concentrated
in vacuo. The residue was diluted with water, made alkaline with concen-
trated ammonium hydroxide, and extracted with AcOEt. The
extract was washed with water, dried (MgSO,), and concentrated to leave
an oil which was purified by column chromatography on SiO, (250g)
with AcOEt-hexane (1:1, v/v) to give the title compound (22, 7.38 g,
59%). mp 93—94°C (AcOEt-hexane). 'H-NMR (CDCl,) &: 2.34 (3H,
s), 2.99 (2H, t, J=7Hz), 3.30 (2H, d, J=7Hz), 436 (1H, t, /=7 Hz), 4.58
(2H, t, J=7Hz), 6.73 (1H, d, J/=9Hz), 7.35—7.6 (4H, m), 7.9—S8.1 (3H,
m). Anal. Calcd for C,)H,{BrN;0,: C, 58.27; H, 4.40; N, 10.19. Found: C,
58.32; H, 4.40; N, 10.13.

3-[6-[2-(5-Methyl-2-phenyl-4-oxazolyl)ethoxy]-3-pyridyl]propionitrile
(23) A mixture of 2-bromo-3-[6-[2-(5-methyl-2-phenyl-4-oxazolyl)eth-
oxy]-3-pyridyl]propionitrile (22, 2.00g, 4.9mmol), 5% Pd-C (50% wet,
200 mg), EtOH (50 ml), and 1,4-dioxane (30 ml) was hydrogenated at 1 atm.
After removal of the catalyst by filtration, the filtrate was concentrated in
vacuo to leave an oil which was purified by column chromatography on SiO,
(40 g) with AcOEt-hexane (2:3, v/v) to give the title compound (23, 1.26 g,
78%). mp 105—106 °C (AcOEt-hexane). 'H-NMR (CDCl;) &: 2.35 (3H, s),
2.59 (2H, t, J=7Hz), 2.89 (2H, t, J=7Hz), 2.99 (2H, t, J=7 Hz), 4.56 (2H,
t, J=7Hz), 6.71 (1H, d, J=8.5Hz), 7.35—7.5 (4H, m), 7.9—28.05 (3H, m).
Anal. Caled for C,0H,,N;0,: C, 72.05; H, 5.74; N, 12.60. Found: C, 71.85;
H, 5.78; N, 12.23.

Methyl 2-Bromo-3-[6-(5-methyl-2-phenyl-4-oxazolylmethoxy)-3-pyri-
dyl]propionate (24) A solution of sodium nitrite (1.08 g, 15.7 mmol) in
water (2ml) was added dropwise to a stirrred and ice-cooled mixture of 5-
amino-2-(5-methyl-2-phenyl-4-oxazolylmethoxy)pyridine (21a, 4.00 g, 14.2
mmol), hydrobromic acid (47%, 12.2 g, 70.9 mmol), and acetone (80 ml)
below 5°C. After stirring for 30 min, methyl acrylate (6.12g, 71.1 mmol)
was added and the temperature was raised to 20 °C. Powdered copper(I)
oxide (200 mg) was added gradually to the vigorously stirred mixture. After
a nitrogen gas evolution had ceased, the reaction mixture was concentrated
in vacuo. The residue was diluted with water, made alkaline with concen-
trated ammonium hydroxide, and extracted with AcOEt. The extract was
washed with water, dried (MgSO,), and concentrated to leave an oil which
was purified by column chromatography on SiO, (80 g) with AcOEt-hexane
(1:5, v/v) to give the title compound as a colorless oil (24, 2.27 g, 37%). 'H-
NMR (CDCl,) 6: 2.48 (3H, s), 3.18 (1H, dd, J/=14.5, 7Hz), 3.39 (1H, dd,
J=14.5, 8Hz), 3.76 (3H, s), 4.34 (1H, dd, J=8, 7Hz), 5.28 (2H, s), 6.78
(1H, d, J=8.5Hz), 7.35—7.5 (4H, m), 7.95—28.1 (3H, m).

(E)-3-[6-(5-Methyl-2-phenyl-4-oxazolylmethoxy)-3-pyridyl]-2-propen-
1-0l (25) A mixture of methyl 2-bromo-3-[6-(5-methyl-2-phenyl-4-oxa-
zolylmethoxy)-3-pyridyl]propionate (24, 4.00 g, 9.27 mmol), DBU (1.41 g,
9.26 mmol), and toluene (60 ml) was stirred at 90—100 °C for 2 h. The reac-
tion mixture was poured into water and extracted with AcOEt. The extract
was washed with water, dried (MgSO,), and concentrated to leave an oil
which was purified by column chromatography on SiO, (60g) with
AcOEt-hexane (1:3, v/v) to give methyl (£)-3-[6-(5-methyl-2-phenyl-4-ox-
azolylmethoxy)-3-pyridyljacrylate (2.71g, 83%). mp 116—117°C
(Et,0-isoPr,0). 'H-NMR (CDCl,) &: 2.40 (3H, s), 3.81 (3H, s), 5.33 (2H,
s), 6.34 (1H, d, /=16 Hz), 6.84 (1H, d, /=8.5Hz), 7.35—7.5 (3H, m), 7.65
(1H, d, J=16Hz), 7.78 (1H, dd, J=8.5, 2.5Hz), 7.95—8.1 (2H, m), 8.29
(1H, d, J=2.5Hz). Anal. Calcd for C,(H,(N,O,: C, 68.56; H, 5.18; N, 8.00.
Found: C, 68.41; H, 5.09; N, 8.06.

DIBAL-H (1.03 M in hexane, 17.3 ml, 17.8 mmol) was added dropwise to
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a stirred and ice-cooled solution of methyl (£)-3-[6-(5-methyl-2-phenyl-4-
oxazolylmethoxy)-3-pyridylJacrylate (2.50g, 7.14mmol) in CH,CL,
(100ml). After stirring for 2h, the reaction mixture was quenched with
methnol (1 ml)-water (2 ml) at 0 °C. The insoluble material was removed by
filtration, and then the filtrate was concentrated to leave an oil which was pu-
rified by column chromatography on SiO, (60 g) with AcOEt-hexane (1:1,
v/v) to give the title compound (25, 1.75g, 76%). mp 116—117°C
(CH,Cl—isoPr,0). 'H-NMR (CDCl,) &: 1.65 (1H, brs), 2.48 (3H, s), 4.32
(2H, brt, J=5Hz), 5.29 (2H, s), 6.26 (1H, dt, J=16, 5.5Hz), 6.56 (1H, d,
J=16Hz), 6.78 (1H, d, J=8.5Hz), 7.35—7.5 (3H, m), 7.66 (1H, dd, J=8.5,
2.5Hz), 7.95—8.1 (2H, m), 8.12 (1H, d, J=2.5Hz). Anal. Calcd for
C,oHsN,05: C, 70.79; H, 5.63; N, 8.69. Found: C, 70.47; H, 5.59; N, 8.62.

4-[6-(5-Methyl-2-phenyl-4-oxazolylmethoxy)-3-pyridyl]butyronitrile
(26) A mixture of (E)-3-[6-(5-methyl-2-phenyl-4-oxazolylmethoxy)-3-
pyridyl]-2-propen-1-ol (25, 2.0 g, 6.20 mmol), 5% Pd—C (50% wet, 500 mg),
and EtOH (150 ml) was hydrogenated at 1 atm. After removal of the catalyst
by filtration, the filtrate was concentrated in vacuo to give 3-[6-(5-methyl-2-
phenyl-4-oxazolylmethoxy)-3-pyridyl]propan-1-ol (1.65g, 82%). mp 89—
90°C (Et,O-hexane). 'H-NMR (CDCl,) &: 1.37 (1H, t, J=5Hz), 1.75—
1.95 (2H, m), 2.47 (3H, s), 2.65 (2H, t, J=7.5Hz), 3.6—3.75 (2H, m), 5.27
(2H, s), 6.76 (1H, d, J=8.5Hz), 7.35—7.5 (4H, m), 7.95—8.1 (3H, m).
Anal. Caled for C yH,)N,05: C, 70.35; H, 6.21; N, 8.64. Found: C, 70.30; H,
6.00; N, 8.43.

Methanesulfonyl chloride (MsCl) (630 mg, 5.50 mmol) was added drop-
wise to a stirred and ice-cooled solution of 3-[6-(5-methyl-2-phenyl-4-oxa-
zolylmethoxy)-3-pyridyl]propan-1-ol (1.62 g, 4.99 mmol) and triethylamine
(560 mg, 5.53 mmol) in CH,Cl, (30ml). After stirring at room temperature
for 16h, the reaction mixture was washed with water, dried (MgSO,), and
concentrated to leave an oil which was purified by column chromatography
on SiO, (60g) with AcOEt-CHCI; (1:5, v/v) to give 3-[6-(5-methyl-2-
phenyl-4-oxazolylmethoxy)-3-pyridyl]propyl methanesulfonate as a color-
less oil (1.78 g, 89%). 'H-NMR (CDCL,) &: 1.95—2.15 (2H, m), 2.48 (3H,
s), 2.70 (2H, t, J=7.5Hz), 3.01 (3H, s), 4.24 (2H, t, J=6.5Hz), 5.28 (2H, s),
6.78 (1H, d, J=8.5Hz), 7.35—7.5 (4H, m), 7.95—38.1 (3H, m).

A mixture of 3-[6-(5-methyl-2-phenyl-4-oxazolylmethoxy)-3-pyridyl]-
propy!l methanesulfonate (1.77 g, 4.40 mmol), powdered potassium cyanide
(430 mg, 6.60 mmol), and DMF (50ml) was stirred at 80—85°C for 3 h,
poured into water, and extracted with AcOEt. The extract was washed with
water, dried (MgSO,), and concentrated in vacuo to give the title compound
(26, 1.40 g, 95%) as a colorless oil. "H-NMR (CDCl;) &: 1.85—2.05 (2H,
m), 2.35 (2H, t, J=7Hz), 2.48 (3H, s), 2.73 (2H, t, J=7.5Hz), 5.28 (2H, s),
6.80 (1H, d, J/=8.5Hz), 7.35—7.5 (4H, m), 7.95—28.1 (3H, m).

(E)-3-16-(5-Methyl-2-phenyl-4-oxazolylmethoxy)-3-pyridyl]cin-
namaldehyde (27) A mixture of (E)-3-[6-(5-methyl-2-phenyl-4-oxazolyl-
methoxy)-3-pyridyl]-2-propen-1-ol (25, 2.31g, 7.17mmol), manganese
dioxide (activated, 4.62 g), and CH,Cl, (100 ml) was stirred at room temper-
ature for 2 h. The insoluble solid was filtered, and the filtrate was concen-
trated in vacuo to give the title compound (27, 2.11g, 92%). mp 147—
148 °C (CH,Cl,~isoPr,0). '"H-NMR (CDCl,) &: 2.50 (3H, s), 5.36 (2H, s),
6.64 (1H, dd, /=16, 7.5Hz), 6.89 (1H, d, /=9 Hz), 7.35—7.5 (4H, m), 7.82
(1H, dd, /=9, 2.5 Hz), 7.95—8.1 (2H, m), 8.35 (1H, d, J=2.5Hz), 9.68 (1H,
d, J=7.5Hz). Anal. Calcd for C,(H,(N,0;: C, 71.24; H, 5.03; N, 8.74.
Found: C, 71.22; H, 5.00; N, 8.73.

5-16-(5-Methyl-2-phenyl-4-oxazolylmethoxy)-3-pyridyl]valeronitrile
(28) An ice-cooled solution of (E)-3-[6-(5-methyl-2-phenyl-4-oxazolyl-
methoxy)-3-pyridyl]cinnamaldehyde (27, 2.00g, 6.24mmol) and diethyl
cyanomethylphosphonate (1.22 g, 6.89 mmol) in DMF (30ml) was treated
with sodium hydride (60% in oil, 275 mg, 6.88 mmol) for 30 min. The reac-
tion mixture was poured onto ice-water and extracted with AcOEt. The ex-
tract was washed with water, dried (MgSO,), and concentrated to leave an
oil which was dissolved in EtOH (50 ml)-THF (50 ml). The solution was hy-
drogenated on 5% Pd-C (50% wet, 500 mg) at 1 atm. After removal of the
catalyst by filtration, the filtrate was concentrated in vacuo to give the title
compound as a colorless oil (28, 2.08 g, 96%). 'H-NMR (CDCl,) &: 1.55—
1.85 (4H, m), 2.37 (2H, t, J=6.5Hz), 2.48 (3H, s), 2.59 (2H, t, J=7Hz),
5.27 (2H,s), 6.77 (1H, d, J=8.5 Hz), 7.35—7.5 (4H, m), 7.95—8.1 (3H, m).
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