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A series of naphthalenyl 3H-1,2,3 5-oxathiadiazole 2-oxides was prepared and tested for
antihyperglycemic activity in the db/db mouse, a model for type 2 (non-insulin dependent) diabetes
mellitus. Substitution at the 1-, 5-, or 8-positions of the naphthalene ring with a halogen was found
to be beneficial to antihyperglycemic activity. 4-[(5-Chloronaphthalen-2-yl)methyl]-8H-1,2,3,5-
oxathiadiazole 2-oxide (45), one of the most potent compounds in this series, was selected for

further pharmacological evaluation.

Drugs currently available for the control of the hyper-
glycemia associated with type 2 (non-insulin dependent)
diabetes mellitus (sulfonylureas, biguanides, glucosidase
inhibitors) possess significant liabilities or efficacy lim-
itations. Thus, considerable effort has been directed
recently toward the development of novel, orally active
antihyperglycemic drugs. Many of these new compounds
incorporate a relatively acidic heterocycle which serves as
the pharmacophore responsible for antihyperglycemic
activity. These heterocycles include the thiazolidine-2,4-
dione,! tetrazole,2 and oxazolidine-2,4-dione® rings. A
series of structurally novel 3H-1,2,3,5-oxathiadiazole 2-ox-
ides was also described recently.*

In this latter series, various heterocyclic (benzofuran,
benzothiophene, and indole) as well as carbocyclic (indan,
tetrahydronaphthalene, dihydronaphthalene, and naph-
thalene) groups were appended to the 3H-1,2,3,5-oxathia-
diazole 2-oxide ring viaa methylene bridge. The resultant
compounds were examined in the genetically diabetic db/
db mouse, an animal that exhibits many of the pathologies
present in type 2 diabetes.® The compound with a
2-naphthalenyl substituent, 4-[ (naphthalen-2-yl)methyl]-
3H-1,2,3,5-oxathiadiazole 2-oxide (1) emerged as the most
efficacious.

This result prompted the synthesis of a series of
naphthalenyl oxathiadiazoles in which the effects of two
structural factors on activity were examined: (1) variation
of the tether linking the 2-position of the naphthalene
ring to the oxathiadiazole ring; and (2) the addition of
substituents on the naphthalene ring of naphthalen-2-
ylmethyl compounds (e.g. compound 1). From this group
of compounds, 4-[(5-chloronaphthalen-2-yl)methyl]-3H-
1,2,3,5-oxathiadiazole 2-oxide (45) (WAY-120,744) was
selected for further evaluation and development. Re-
ported in this paper are the synthesis of the series of
naphthalenyl oxathiadiazoles, their effect on plasma
glucose in the db/db mouse, and the characterization of
compound 45 in additional animal models.
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Scheme I. 1,2,3,5-Oxathiadiazole 2-Oxides (Method A)
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The oxathiadiazoles 5 were prepared in two steps from
asubstituted nitrile 3 by (1) treatment with hydroxylamine
to give an amidoxime (4), and (2) cyclization with thionyl
chloride,* as illustrated in Scheme I (method A). The
substituted nitriles were prepared as shown in Schemes
II and III. 2-Naphthaleneacetonitriles 10 were derived
from either a naphthoic acid or ester 6 via reduction,
halogenation, and cyanide displacement (Scheme II,
method B) or from a methylnaphthalene 8 by NBS
bromination and cyanide displacement (Scheme IT, method
0.

The 2-naphthalenyl nitriles other than acetonitriles were
prepared as shown in Scheme III. Thus 2-naphthalene-
butanenitrile (12) was synthesized from 2-naphthale-
neethanol (11) by oxidation to an aldehyde with Dess—
Martin periodinane,? reaction with diethyl (cyanometh-
yl)phosphonate, and catalytic hydrogenation. The next
higher homologue, 2-naphthalenepentanenitrile (14), was
prepared from 2-naphthalenepropanenitrile (13) (synthe-
sized according to Robertson et al.¢) by DIBAL-H reduc-
tion of the nitrile to an aldehyde, reaction with diethyl

© 1993 American Chemical Society
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Scheme III. Other Nitriles®
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@ (@) Dess—Martin periodinane, CHClg; (b) (EtO)2P(O)CH.CN,
NaH, THF; (c) Hz, 5% Pd/C, EtOH; (d) DIBAL-H, ether; (¢) NaH,
CH;l, DME; (f) NaH, PhCH,Br, DMR; (g) K2COs, CICH2CN, acetone;
(h) nBuLi, CH3CN, THF; (i) NaH, (CH;):S04, THF; (j) NHOH-HCI,
NaOCH3, CH30H; (k) CF3sCO2H, 40 °C.

(cyanomethyl)phosphonate, and catalytic hydrogenation.
Alkylation of 2-naphthaleneacetonitrile (15) according to
a procedure of Hauser’® with sodium hydride and methyl
iodide yielded the mono- and dimethyl compounds 167
and 17.7¢ Alkylation of 15 withsodium hydride and benzyl
bromide gave compound 18.8 The (2-naphthalenyloxy)-
and (2-naphthalenylthio)acetonitriles 20a and 20b!° were
prepared from 2-naphthol (19a) and 2-naphthalenethiol
(19b), respectively, by alkylation with chloroacetonitrile
and potassium carbonate. Treatment of 2-acetylnaph-
thalene (21) with diethyl (cyanomethyl)phosphonate and
catalytic hydrogenation yielded 3-(2-naphthalenyl)bu-
tanenitrile (22). An aldol-type reaction of 2-naphthal-
dehyde (28) with lithioacetonitrile and subsequent meth-
ylation with sodium hydride and dimethyl sulfate gave
3-methoxy-3-(2-naphthalenyl)propanenitrile (24). The
vinyl tether in compound 25 was introduced at a later
stage by an elimination reaction on the amidoxime derived
from compound 24.

The mono- and disubstituted naphthoates 6 and meth-
ylnaphthalenes 8 used to prepare the substituted 2-naph-
thaleneacetonitriles were synthesized by a variety of
methods. A number of 2-naphthoates were derived from
the useful intermediate, methyl 5-bromo-2-naphthoate
(6a)!! (Table I). Thus, the 5-chloro group (6b)!? was
introduced with copper(I) chloride in DMSO;!3 the
5-methoxy group (6c) with sodium methoxide and cop-
per(l) iodide in pyridine and methanol; the 5-methylthio
group (6d) by reduction of the ester to an alcohol with
DIBAL-H and treatment with sodium thiomethoxide and
copper(I) oxide in N-methylpyrrolidinone;l4 the 5-vinyl
group (6e) with vinyltributyltin and tetrakis(triphen-
ylphosphine)palladium(0) in toluene;!% the 5-ethynyl (6f)
group with (trimethylsilyl)acetylene, bis(triphenylphos-
phine)palladium(II) chloride, and copper(I) iodide in
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mCOzCHg

Table I. 5-Substituted 2-Naphthoates

Br R!
6a 6
%
compd reagent R! yield
6b CuCl, DMSO, 105-110 °C Cl 100
6c NaOCHjg, Cul, pyridine, CH;OH, CH30O 100
reflux; 2.5 N NaOH*
6d NaSCHg, Cu0, N-methyl- CH;S 76
pyrrolidinone, reflux?
6e CHz=CHSnBu;3, (Ph;P),Pd, CH=~=CH 92
toluene, reflux
ef Me3SiCCH, (PhgP)sPdCly, Cul, CHC 52
Et;NH, 20 °C; 1 N KOH,
CH3OH®
6g CF3CO;Na, Cul, N-methyl- CF; 48
pyrrolidinone, reflux¢
¢h CHgLi, CH;l, THF, -78 °C to CH; 87
20 °Cd

s Isolated as acid. ® Ester reduced to alcohol prior to reaction.
¢ Ethyl ester used. ¢ Ester hydrolyzed to acid prior to reaction.

Scheme IV. Tetralone Route (Method D)
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diethylamine;!® the 5-trifluoromethyl group (6g) with
sodium trifluoroacetate and copper(l) iodide in N-meth-
ylpyrrolidinone;!” and the 5-methyl group (6h) by hy-
drolysis of the ester and treatment of the resultant
naphthoic acid with methyllithium and methyl iodide in
THF. Bromination of compound 6¢ with bromine yielded
8-bromo-5-methoxy-2-naphthoic acid (6i).

The preparation of 7- or 6-methylnaphthalenes 8 with
a substituent in the 1, 2, or 3-position was most readily
achieved by the synthesis of a 2-tetralone 27 (Scheme IV,
method D). The 2-tetralones 27 were prepared from a
substituted phenylacetic acid 26 by formation of the acid
chloride and cyclization by treatment with aluminum
chloride and ethylene.l8 The resultant 2-tetralones 27 were
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methylated with titanium(IV) chloride/methylmagnesium
chloride.!® Itisnecessary to use this nonbasic methylating
reagent because of the facile enolization of 2-tetralones.
Cerium(III) chloride/methyllithium?® was also used for
the methylation reaction, but the yields were generally
lower than with the titanium reagent. Aromatization of
the alcohols 28 with triphenylmethanol in trifluoroacetic
acid?! gave the 7- or 6-methylnaphthalenes 8. The
tetralone route was used to prepare the 1-bromo, 1-chloro,
and 2-chloro-7-methylnaphthalenes (8a—¢) and 2-fluoro-
6-methylnaphthalene (8d). Compound 8a was converted
to the 1-cyano compound (8e) by treatment with copper(I)
cyanide and to the 1-methylthio compound (8f) with
sodium thiomethoxzide and copper(I) oxide in N-meth-
ylpyrrolidinone. Upon NBS bromination (method C) of
8f, the product resulting from bromination of the naph-
thalene ring at the 5-position and a lesser amount of the
2-(bromomethyl)-5-bromo compound were produced. None
of the desired monobrominated compound, 7-(bromo-
methyl)-1-(methylthio)naphthalene, was obtained. Com-
pound 8d was converted to 1-bromo-6-fluoro-2-methyl-
naphthalene (8g) with bromine in acetic acid and to
1-chloro-6-fluoro-2-methylnaphthalene (8h) with sulfuryl
chloride in dichloromethane.

Additional naphthoic acids (or derivatives) and meth-
ylnaphthalenes were prepared by literature methods or as
described below: 1-chloro-2-naphthoicacid (6),2 8-chloro-
2-naphthoic acid (6k),22 3-bromo-2-naphthoic acid (61),2
4-bromo-2-naphthoic acid (6m),!! 6-bromo-2-naphthoic
acid (6n),241! 7-bromo-2-naphthoic acid (60),!! 1-methoxy-
2-naphthoic acid (6p)?® by methylation of 1-hydroxy-2-
naphthoic acid, 3-methoxy-2-naphthoic acid (6q)?° by
methylation of 3-hydroxy-2-naphthoic acid, 6-methoxy-
2-naphthaldehyde (6r),2 7-methoxy-2-naphthoic acid
(6s),1! 1-methyl-2-naphthoic acid (6t),2” 7-methyl-2-naph-
thoic acid (6u),!! 1-ethyl-2-naphthoic acid (6v) by the same
procedure as for 6t, 1-methoxy-4-chloro-2-naphthoic acid
(6w),28 1,3-dimethyl-2-naphthoic acid (6x) by the same
procedure as for 6t, 8-bromo-7-methyl-2-naphthoic acid
(6y) by bromination of 6u, 1-fluoro-2-methylnaphthalene
(8i),% 1-bromo-2-methylnaphthalene (8j),27 3-methyl-2-
(trifluoromethyl)naphthalene (8k) by trifluoromethyla-
tion!? of 2-bromo-3-methylnaphthalene, and 1-bromo-2,3-
dimethylnaphthalene (81) by bromination of 2,3-dimeth-
yinaphthalene. Also, the 5-ethyl group was introduced at
a later stage by catalytic hydrogenation of 5-ethynyl-2-
naphthaleneacetonitrile (10¢).

Results and Discussion

The compounds were tested in a postprandial assay in
the db/db mouse (see Experimental Section). Reported
in Tables II-IV are the % changes in plasma glucose after
4 days of drug treatment (po). A reduction of 50-60%
represents a normalization of plasma glucose levels in the
db/db mouse.

In Table II, the results of an examination of the tether
portion of this series of compounds are outlined. As
reported earlier,? compound 1 lowered plasma glucose by
37% at a dose of 20 mg/kg. In compound 29, removal of
the methylene linker between the naphthalene and the
oxathiadiazole groups decreased the activity (less than
-15% change in plasma glucose vs control). An increase
in the length of the linker by one methylene to give
compound 30 did not affect activity, but any further
increase in chain length yielded less potent compounds
(31 and 32). Also, replacement of the ethylene tether of
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Table II. Variations of Tether

8 1

7 X -NH
IGOR P

5 4
% change in
plasma glucose,
compd X mp, °C formula® 20 mg/kg®

29 bond 137-138 C11HgN20.8 c

1 CH, 145-147 C;2H,;0N20:S 37+ 24
30 (CHy); 114-115 C;3H;2N20.S -38 + 24
31 (CHz)s 139-140 CuHuNzOzs [4
32 (CHy). 94-95 C15H;18N202S e
33 CH=CH 146-147 CjsH;oN202S c
34 OCH; 101-103 C;3HoN:0sS ¢
35 SCH, 102-103 C;3HjoN20:S, -40 £ 3¢
36 CH(CHj3) oil Ci3H12N20:2S -49+ 14
37 C(CHg), 146-147 C, H;(N:0:S c

38 CH(CH:Ph) 61-62 C19H18N205S c
39 CH(CH3)CH; 99-101 C;4H1N:0:S 27+ 34
40 CH(OCHj)CH; 137-138 C1H1N20sS c

s Satisfactory C, H, and N elemental analyses (£0.4%) were
obtained. b Values (mean + SE) are percent changes relative to
vehicle-treated group with use of 46 mice per group. ¢ Less than
-15% change. 9 p < 0.05. ¢ -28 + 5%9 at 100 mg/kg.

compound 30 with an alkenyl group (33) or ether linkage
(34) resulted in aless than-15% change in plasma glucose.
However, with the sulfide linker of compound 385, plasma
glucose was lowered by 40%. Monomethylation of the
tether of compound 1 to give compound 36 improved
activity whereas dimethylation to give compound 37
decreased activity (~-49% and less than -15%, respec-
tively). Also, benzylation (38) lowered the activity. In
the case of compound 30, monomethylation (39) or
methoxylation (40) of the ethylene linker lowered the
glucose decrease to—27% and less than-15%, respectively.
Thus, in the linker region of this series of compounds,
only a small degree of variation in chain length, lipophi-
licity, and steric volume is tolerated: a chain length of one
or two carbons (1 and 30), replacement of a carbon with
asulfur (35), and monomethylation of the methylenelinker
(36).

An examination of substitutions on the naphthalene
ring is reported in Table III. The compounds listed in
this table all have the methylene linker found in compound
1. Only results for the lower doses of 5 and 1 mg/kg are
included. At5mg/kg, compound 1lowered plasma glucose
by less than 15% and was therefore not tested at 1 mg/kg.
The introduction of a substituent on the naphthalene ring
of 1 led, in many cases, to an improvement in activity.
However, the degree of improvement was influenced by
the electronic and steric character of the substituent and
especially by the position of substitution on the naph-
thalenering. Substitution at positions 1,5, or 8 was found
to give the best activity. This trend is best illustrated by
compounds 48—54, in which a bromine has been placed at
each position of the naphthalene ring. Compounds 48
(1-Br), 51 (5-Br), and 54 (8-Br) lowered plasma glucose by
40, 47, and 59%, respectively, at a dose of 5 mg/kg. The
remaining bromo compounds (49, 50, 52, and 53) lowered
glucose by less than 30%. At the lower dose of 1 mg/kg,
only the 1-, 5-, and 8-bromo compounds produced a
significant drop in plasma glucose (-21, -35, and -48%,
respectively). In some cases, 3-substituted compounds
were comparable to 1-, 5-, or 8-substituted compounds.
For example compounds 61 (1-CHg), 62 (3-CHjy), and 63
(5-CH3;) lowered plasma glucose at 5 mg/kg by 36, 36, and
37%, respectively, and compounds 44 (3-Cl), 45 (5-Cl),
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Table III. 2-Naphthalenylmethyl Oxathiadiazoles

8 1

Ellingboe et al.

1 | NH
6y | 3 N\o’s=o

R's 4
% change in
synthesis plasma glucose®
compd R! method (of 10) mp, °C formula® 1 mg/kg 5 mg/kg
1 H 145-147 CmH]oNzOzs d [
41 6-F D,C 168-169 C1sHgFN20:S d e
42 1-F C 158159 C12HoFN,0.8 c -394/
43 1-Cl C 130-132 Ci2HgCIN:0,2S c 27x7f
44 3-Cl B 161-162 C12HgCIN:0.S c -44 £ 2/
45 5-Cl B 169-170 C12HgCIN2O:S 215/ —-44+3f
46 7-Cl D,C 185-186 C12HpCIN2O:S d c
47 8-Cl D,C 149-150 Ci2HgCIN:0,S c 55+ 2f
48 1-Br C 140142 C12HsBrN,0.S -21+6/ -40x2f
49 3-Br B 153-154 C12HsBrN,0.S c -28+ 11
50 4-Br B 164-165 C12HpBrN;0,8 c -21+6
51 5-Br B 159-160 C12HsBrN,028 -35+2f -47+£9/f
52 6-Br B 164-165 C12HgBrN;0.S c —25+4
53 7-Br B 145 (dec) C,2HgBrN,0.S d c
54 8-Br D,C 159-160 C12HpBrN:0.S -48%+ 8/ -59+£2f
55 1-OCH3 B 143-144 CisH2N205S c -43+ 4/
56 3-0OCH; B 143-145 C1sH12N2058 -16+4 g
57 5-OCH3g B 137-138 C13H12N205S c c
58 6-OCH3 B 146-147 Ci1sH12N205S d h
59 7-OCHg B 147-148 C13H12N205S d -19+4
60 5-SCHj B 151-152 C13H12N20,S, d c
61 1-CH; B 118-119 CisH12N202S -20+2f -36+3/
62 3-CH; B 146-147 Ci13H12N20.8 -20%£2/ -36+£7/
63 5-CHg B 156-157 C13H12N20,S c -37+2/
64 7-CH; B 165-166 C13H12N20.8 d i
65 1-CH3CH, B 106-107 Ci1H14N20:8 c 24+ 7f
66 5-CH;CH, B 145-147 C1aH14N20:S c -23+3f
67 3-CF3 C 145146 C1sHoF3sN20.S . c -30+4/
68 5-CF3 B 175-176 C13HgFgN30.S / c -30+6/
69 5-CH~=CH B 166-168 C14H12N20,8 d -17x£7
70 5-CH=C B 175-176 C14H1oN20,S* -19+£3 45+ 3f
71 8-CN D,C 177-179 Ci1sHgN30.S c c

¢ Satisfactory C, H, and N elemental analyses (£0.4%) were obtained, except as noted. ? Values (mean + SE) are percent changes relative
to vehicle-treated group with use of 4-6 mice per group. ¢ Less than ~15% change. ¢ Not tested. ¢~26 & 2%  at 100 mg/kg. / p < 0.05. 50
+ 3% f at 20 mg/kg. * Less than -15% at 20 mg/kg. ' —36 + 2% / at 20 mg/kg. / C: calcd, 49.68; found, 49.11. * C: caled, 62.21; found, 60.70.

and 47 (8-Cl) lowered glucose by 44, 44, and 55%,
respectively.

In addition to the position of substitution, the steric
and electronic nature of the substituent was found to be
important. An example of a possible steric effect can be
seen in the decrease in activity on replacing a methyl group
with an ethyl group. As mentioned above, the 1-CH; and
5-CHj3 compounds (61 and 63) lowered plasma glucose by
about 36% at 5 mg/kg. The corresponding ethyl com-
pounds (65 and 66) brought about only 24 and 23%
decreases. Changingthe degree of saturation of the 5-ethyl
group to yield a 5-vinyl substituent (69) did not improve
activity (-17%). In contrast, the 5-ethynyl group (70)
lowered plasma glucose by 45% at 5 mg/kg. This
significant improvement in activity may result from the
difference in electronic character of the substituent.

Electronic effects are further illustrated by the following
series of 5-substituted compounds, with test results at a
dose of 5 mg/kg: 45 (5-Cl, -44%), 51 (5-Br, -47%), 87 (5-
OCHs;, <-15%),and 68 (5-CF3,-30%). Thus, anelectron-
donating group (OCHj) is detrimental and the strong
electron-withdrawing trifluoromethyl group is inferior to
both the chloro and bromo groups, the optimal substituents
in this series. The 1-methoxy compound 55 stands out as
an exception since it lowered plasma glucose by 43%. In
this case the methoxy group may participate in an
intramolecular hydrogen bond with the proton of the
oxathiadiazole, thus stabilizing a bioactive conformation.
However, the results for the remaining methoxy com-

pounds (56—59) are consistent with those for 57. Therefore,
some electron-withdrawing character, such as that asso-
ciated with a chloro or bromo group, appears to be optimal
for antihyperglycemic activity.

Listed in Table IV are some disubstituted naphthalen-
2-ylmethyl compounds and testing results in the db/db
mouse at 5 and 1 mg/kg. Additional substituents on the
naphthalene ring did not generally improve activity. For
example, compounds 73 (1-Br, 6-F) and 78 (1-Br, 3-CHy)
lowered plasma glucose by 16 and 34 %, respectively, at
5 mg/kg. However, the monosubstituted 1-Br compound
48 brought about a 40% decrease at the same dose. The
other disubstituted compounds were less active than the
analogous monosubstituted compounds, except for 77,
which lowered plasma glucose by 45% at 5 mg/kg.
Compound 77 is a 1,3-dimethyl analog, and is superior to
both 61 (1-CH3) and 62 (3-CHjy).

Compound 45, the 5-chloro substituted (naphthalen-
2-ylmethyl)oxathiadiazole, was selected for further phar-
macological evaluation. Although compounds 51 and 54
had greater potency than 45 in preliminary studies, both
51and 54 caused emesisindogs. Indb/db mice, compound
45 caused a dose-dependent reduction of hyperglycemia
(Figure 1). The minimal effective dose (p < 0.05) of
compound 45 in this animal model of diabetes was 0.5
mg/kg. Compound 45 also significantly reduced the mild
hyperglycemia of obese ob/ob mice (Table V). Although
compound 45 was ineffective at lowering the plasma glucose
of nondiabetic rats (Table VI), the compound was able to
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Table IV, Disubstituted 2-Naphthalenyl Oxathiadiazoles

B 1
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77 = NH
6%y, ! ‘\/ 3 Nl\o/s=
R's 4R?
% change in
gynthesis plasma glucose®
compd R! R? method (of 10) mp, °C formula® 1mg/kg 5 mg/kg

72 1-Cl 6-F D,C 153-154 C12HsCIFN3205S d c
73 1-Br 6-F D,C 160-151 C12HgBrFN20,S d -16 + 5¢
74 1-OCH;3 4-Cl B 148-149 CisH11CIN2OsS f -17+4 =31+ 4¢
75 5-OCH3; 8-Br B 164-165 CysH11BrN2OsS c d
76 5-Br 8-SCH; C 173-174 C1sH1 BrN20;S, c -19%7
77 1-CHj; 3-CH; C 152-154 Ci1H14N20:S c —45 + 2¢
78 1-Br 3-CH; C 175-176 CisH11BrN20:S c -34 £ 3¢
79 7-CHs 8-Br B 175176 CysH11BrN:0,S d -21 £ 4¢

s Satisfactory C, H, and N elemental analyses (£0.4%) were obtained, except as noted. ® Values (mean % SE) are percent changes relative
to vehicle-treated group with use of 4-6 mice per group. ¢ Less than -15% change. 9 Not tested. ¢ p < 0.05./ C: caled, 50.25; found, 50.74.
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Dose of Compound 45 (mg/kg/d x 4d, p.o.)
Figure 1.
Table V. Plasma Glucose Levels of Fed ob/ob Mice
dose plasma glucose
drug (mg/kg, po)* (mg/dL)?
vehicle 289 = 16
ciglitazone 20 189 £ 5¢
45 5 223+ 7¢
20 199 £ 6°
metformin 50 253 = 10
200 208 + 8°
glyburide 5 297 + 16
20 311+ 16

¢ Mice were treated once daily for 10 days. ¢ Data are expressed
as mean = SEM, n = 36 per group. ¢ p < 0.05 versus vehicle-treated
mice.

Table VI. Plasma Glucose Levels of Nondiabetic Rats

drug glucose (mg/dL)? at time (h) after drug
(mg/kg/d, po) 0 1 2 4
vehicle 110+ 4 123+ 3 124+ 3 114+ 5
glyburide (25) 110+ 5 71 + 5% 51 £ 3% 55 % 2%
45 (25) 1116 120+ 6 122+ 3 118+ 4

8 Values are mean + SE, n = 5 per group. ! p < 0.05 versus
respective vehicle group.

significantly reduce the severe hyperglycemia of strep-
tozocin-diabetic rats, an animal model of Type 1 diabetes
(Table VII). Surprisingly, repetitive administration of
compound 45 to nondiabetic rats resulted in a dose-
dependent increase in urinary glucose excretion (Table
VIII). The mechanism for the induction of glucosuria, as
well as possible relevance to the antihyperglycemic efficacy
in diabetic animals, is not known.

Table VII. Plasma Glucose Levels of Streptozocin-Diabetic
Rats

dose plasma glucose
drug (mg/kg, po) (mg/dL)*
vehicle 423 £ 20
45 5 329 + 20
45 25 255 + 16

8 Values are mean + SE, n = 9-12 per group. ® p < 0.05.
Table VIII. Urinary Glucose of Nondiabetic Rats

urine® consumption®

dose? glucose volume water food

drug (mg/kg) (g/dL) @d) (mL/d) (mL/d) (g/d)
vehicle 0.03+£00 0010 202 41+2 24%x1
45 5 0101 003x0 29+£5 49+6 251
45 10 2908 07002 23x2 452 25%1
45 25 5707 21003 37+2 595 25+4

s Rats were treated for 11 days. ® Values are mean + SE, nn = 6 per
group.

In summary, compound 45, the 5-chloro-substituted
(naphthalen-2-ylmethyl)oxathiadiazole, was found to be
a potent antihyperglycemic agent in a variety of diabetic
animal models. The in vivo pharmacological properties
of the naphthalenyl oxathiadiazoles appear to be unique;
however, the cellular mechanism of action has yet to be
determined.

Experimental Section

Melting points were determined with a Thomas-Hoover
apparatus and are uncorrected. The NMR spectra wererecorded
on a Varian VXR200, Varian VXR300, or a Bruker AM-400
instrument. The infrared spectra were recorded on a Perkin-
Elmer diffraction grating or a Perkin-Elmer 784 spectropho-
tometer. The mass spectra were recorded on a Hewlett-Packard
5995A or a Finigan 8230 mass spectrometer. Analyses (C, H, N)
were carried out on a modified Perkin-Elmer Model 240 CHN
analyzer. Merck silica gel (70~230 mesh) was used for flash
chromatography. Preparative HPLC was performed on a Waters
Prep 500. Organic extracts were dried over MgSO, unless
otherwise noted.

Method A. 4-[(5-Chloronaphthalen-2-yl)methyl]}-3H-
1,2,3,5-oxathiadiazole 2-Oxide (45). To a stirred solution of
5-chloro-2-naphthaleneacetonitrile (10a) (5.00 g, 0.0248 mol) and
hydroxylamine hydrochloride (3.45 g, 0.0496 mol) in DMSO (50
mL) was added NaOMe (25 wt% in MeOH; 11.3 mL, 0.0496
mol). The mixture was heated at 80 °C for 1.5 h and the MeOH
was removed under reduced pressure. HyO (150 mL) was added
and the mixture was stirred for 30 min. The precipitate was
collected by filtration and recrystallized from toluene to give
5.04 g (87%) of 5-chloro-N-hydroxy-2-naphthaleneethanimida-
mide (80) as a white solid: mp 133-134 °C; '"H NMR (DMSO-ds)
6 3.47 (s, 2 H), 5.50 (br s, 2 H), 7.47 (m, 1 H), 7.62 (m, 2 H), 7.86



2490 Journal of Medicinal Chemistry, 1993, Vol. 36, No. 17

(d,J =17.1Hz 1H),7.87 (5,1 H),8.09 (d, J = 8.7 Hz, 1 H), 8.95
(s, 1 H); IR (KBr, cm-!) 3490, 3380 (NH, OH), 1660 (C=N); MS
m/e 234 (M*). Anal. (C;oH;1CINO) C, H, N.

To a cooled (0 °C) stirred suspension of 80 (4.8 g, 0.0205 mol)
in CH;Cl; (75 mL) was added pyridine (3.2 g, 0.0409 mol) all at
once. A solution of thionyl chloride (2.7 g, 0.0225 mol) in CH;Cl;
(10 mL) was added over 5 min. After 25 min, H,O (150 mL) was
added and the precipitate was collected by filtration. Recrys-
tallization from i-PrOH (35 mL) gave 3.5 g (61%) of 45 as an
off-white solid: mp 169-170 °C; 'H NMR (DMSOQ-ds) § 4.16 (s,
2 H), 7.52 (m, 1 H) 7.61 (dd, J = 8.7 Hz, 1.7 Hz, 1 H), 7.69 (dd,
J=17.5Hz 1.0Hz,1H),7.90 (d,J=8.3Hz,1 H),7.94 (s, 1 H),
8.16 (d,J =8.7Hz,1H),11.52 (s, 1 H); IR (KBr, cm-!) 3400 (NH);
MS m/e 280 (M*). Anal. (C,;2HyCIN,0:S) C, H, N.

Method B. 5-Chloroe-2-naphthaleneacetonitrile (10a). To
a cooled (0 °C) stirred solution of methyl 5-chloro-2-naphthoate
(26.7 g, 0.121 mol) in THF (100 mL) was added 1 M DIBAL in
THF (266 mL, 0.266 mol) over 1.5 h. The cooling bath was
removed and stirring was continued for 18 h. The mixture was
recooled to 0 °C and 1 N NaOH (275 mL) was added. Ether (200
mL) and H;0 (100 mL) were added, and the mixture was stirred
at room temperature for 1 h. The layers were separated, and the
aqueous phase was extracted with ether. The combined extracts
were dried and concentrated to give 23.2 g (99%) of 5-chloro-
2-naphthalenemethanol (81) as a white solid. This material was
sufficiently pure for the next reaction. An analytical sample was
recrystallized from toluene/hexane: mp 85-87 °C; 'H NMR
(DMSO-dg) 6 4.70 (d, J = 5.7 Hz, 2 H), 5.42 (t, J = 5.7 Hz, 1 H),
7.48 (m,1 H),7.63 (m,2 H), 791 d, J = 7.8 Hz, 1 H), 7.92 (s,
1 H), 8.12 d, J = 8.6 Hz, 1 H); IR (KBr, cm-!) 3300 (OH); MS
m/fe 192 (M* - OH). Anal. (C;;HoCIO) C, H.

To a stirred solution of 81 (17.0 g, 0.0882 mol) in dioxane (100
mL) was added ZnCl; (360 mg, 2.65 mmol) and thionyl chloride
(21.0g,0.176 mol). After 40 min, the mixture was concentrated,
taken up in ether, and washed with saturated aqueous NaHCQ;
and brine. The organic phase was dried and concentrated to
give 18.2 g (98%) of 7a as a white solid. An analytical sample
was recrystallized from hexane: mp 86-88 °C; 'H NMR (CDCly)
54,76 (s, 2 H), 7.40 (m, 1 H), 7.57 (d, J = 7.4 Hz, 1 H), 7.61 (d,
J=88Hz 1H), 775 (d,J=82Hz 1H),7.84 (s, 1 H), 8.27 (d,
J = 8.8 Hz, 1 H); MS m/e 210 (M*). Anal. (C;;HsCp) C, H.

A mixture of 7a (24.5 g, 0.116 mol), sodium cyanide (6.8 g,
0.139 mol), HyO (25 mL), and acetonitrile (225 mL) was heated
under reflux for 19 h. The mixture was concentrated and
suspended in H;O. The white solid was collected by filtration
to give 22.4 g (96%) of 10a. An analytical sample was recrys-
tallized from toluene/hexane: mp 110~111°C; 'H NMR (DMSO-
de) 6 4.27 (s, 2 H), 7.54 (m, 1 H), 7.64 (dd, J = 8.7 Hz, 1.9 Hz, 1
H), 7.71 (dd, J = 7.4 Hz, 0.8 Hz, 1 H), 7.97 (d, J = 8.2 Hz, 1 H),
7.99 (s, 1 H),8.20 (d, J = 8.7 Hz, 1 H); IR (KBr, cm™!) 2240 (CN);
MS m/e 201 (M*). Anal. (C,2HgCIN) C, H, N.

Method C. 8-Bromo-2-naphthaleneacetonitrile (10b). To
boiling CCL, (250 mL) was added N-bromosuccinimide (20.4 g,
0.114 mol) and AIBN (1.4 g, 0.009 mol). After 1 min, a solution
of 1-bromo-7-methylnaphthalene (8a) (24.1g, 0.109 mol) in CClL,
(16 mL) was added all at once. The heating mantle was removed
for several min and then heating was resumed for 30 min. The
mixture was cooled and filtered, and the filtrate was concentrated
to give 32.7 g of an off-white solid. This material was combined
with 32.6 g of similarly prepared material and recrystallized from
EtOAc/hexane to give 29.6 g (45%) of 8-bromo-2-(bromometh-
ylhnaphthalene (9a) as an off-white solid: mp 103-105 °C; 'H
NMR (DMSO-dq) & 4.99 (s, 2 H), 7.48 (m, 1 H), 7.68 (dd, J = 8.7
Hz, 1.8 Hz, 1 H), 7.93 (dd, J = 7.5 Hz, 0.9 Hz, 1 H), 8.00 (d, J
= 7.8 Hz, 1 H), 8.03 (d, 8.7 Hz, 1 H), 8.23 (s, 1 H).

Compound 9a was converted to 8-bromo-2-naphthaleneace-
tonitrile (10b) by the procedure described in the third step of
method B to give 24.1 g (99 %) of product. An analytical sample
was recrystallized from toluene/hexane: mp 56-57 °C; 'H NMR
(DMSO0-dg) 6 4.32 (s, 2 H), 7.46 (m, 1 H), 7.58 (dd, J = 8.4 Hz,
1.7Hz, 1 H), 7.92 (dd, J = 7.5 Hz, 1.0 Hz, 1 H), 8.00 (d, J = 8.4
Hz, 1 H), 8.04 (d, J = 8.4 Hz, 1 H) 8.14 (s, 1 H); IR (KBr, cm™!)
2250 (CN); MS m/e 245 (M*). Anal. (C11HsBrN) C, H, N.

Method D. 1-Bromo-7-methylnaphthalene (8a). To a
stirred solution of 2-bromophenylacetic acid (26a) (150 g, 0.698
mol) in CH,Cl; (500 mL) was added DMF (1 mL) and thionyl
chloride (102 mL, 1.395 mol). The mixture was left standing for
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18 h and then concentrated. Azeotropic distillation with CCL
(3 X 100 mL) gave 163 g (100% ) of 2-bromophenylacetyl chloride
(82). The material was used directly in the next reaction.

Toa cooled (-20 °C) mechanically stirred suspension of AlCly
(186 g, 1.395 mol) in CH,Cl;, (1 L) was added a solution of 82 (163
g, 0.698 mol) in CH,Cl; (350 mL) over 30 min. Ethylene was
bubbled into the mixture for 1 h (at —15 °C for 45 min and then
at—-10°C for 15 min; total ethylene used: 69.2¢,2.47 mol). Stirring
at 10 °C was continued for 15 min and the mixture was poured
onto ice (1.2 kg). The layers were separated, and the organic
phase was washed with H;0, saturated aqueous NaHCOj;, and
brine, dried, and concentrated. The resultant yellow solid was
taken up in acetonitrile (1 L), washed with pentane to remove
polyethylene, and concentrated to give 146.2 g (93% ) of 8-bromo-
2-tetralone (27a) as a yellow solid. An analytical sample was
recrystallized from ether/hexane: mp 75-77 °C;'H NMR (DMSO-
ds) 6 2.48 (t, J = 6.6 Hz, 2 H), 3.06 (t, J = 6.6 Hz, 2 H), 3.60 (s,
2H),715(dd,J =76 Hz, 7.6 Hz, 1 H), 7.29 (d, J = 76 Hz, 1
H), 7.50 (d, J = 7.6 Hz, 1 H); IR (KBr, cm™!) 1710 (C==0); MS
m/e 224 (M*). Anal. (C,0HsBrO) C, H.

To a cooled (-39 °C) stirred solution of TiCL (109.9 g, 0.580
mol) in CHyCl; (580 mL) was added 3.0 M CH;MgCl in THF (193
mL, 0.580 mol) over 35 min. To the resultant mixture was added
a solution of 27a (108.7 g, 0.483 mol) in CH,Cl; (150 mL) over
30 min. The mixture was then warmed to 0 °C. After 2 h, the
mixture was poured onto ice (1 kg). The layers were separated
and the organic phase was washed with 2 N HCl and brine, dried,
and concentrated to give 117.0 g (100%) of 8-bromo-2-hydroxy-
2-methyl-1,2,3,4-tetrahydronaphthalene (28a) as a brown solid.
This material was used directly in the next reaction without
further purification. Ananalyticalsample was recrystallized from
hexane: mp 73-74 °C; 'H NMR (DMSO-d;) 6 1.24 (s, 3 H), 1.58
(m, 1 H), 1.70 (m, 1 H), 2.57 (d, J = 17.0 Hz, 1 H), 2.64 (m, 1 H),
2.70 (d, J = 17.0 Hz, 1 H), 2.95 (m, 1 H), 4.48 (s, 1 H), 7.03 (dd,
J=176Hz 7.6Hz, 1H),711(d,J=76Hz, 1H),7.39d,J =
7.6 Hz, 1 H); IR (KBr, cm™!) 3350 (OH); MS m/e 240 (M*). Anal.
(CuH,3Br0) C, H.

A mixture of triphenylmethanol (138.2 g, 0.531 mol), 28a (116.4
g, 0.483 mol), and trifluoroacetic acid (338 mL) was stirred at
room temperature for 2 days. The mixture was extracted with
hexane, and the combined extracts were washed with H:0,
saturated aqueous NaHCOs, and brine. The hexane solution
was dried, concentrated to about 200 mL, and left standing until
the triphenylmethane crystallized. The mixture was filtered and
the filtrate was concentrated to give a brown oil. Purification
by flash chromatography (hexane) gave 72.2 g (70%) of 8a as a
colorless oil. An analytical sample was prepared by Kugelrohr
distillation: 'H NMR (DMSO-d,) 4 2.53 (s, 3 H), 7.36 (m, 1 H),
7.46 (dd, J = 8.6 Hz, 1.0 Hz, 1 H), 7.83 (dd, J = 7.4 Hz, 1.0 Hz,
1 H), 7.91 (m, 3 H); MS m/e 220 (M*). Anal. (CyHsBr) C, H.

1-Cyano-7-methylnaphthalene (8¢). A mixture of 8a (25.9
g, 0.117 mol), CuCN (18.3 g, 0.204 mol), and N-methylpyrroli-
dinone (120 mL) was heated under reflux for 3.5 h. The mixture
was cooled and a 2:3 mixture of 30% NH,OH/NH,C! (300 mL)
was added. The mixture was stirred for 3 h and extracted with
ether. The combined extracts were washed with H,O and brine,
dried, and concentrated to give 19.4 g (98%) of 8e as a brown
oil: 'TH NMR (DMSO-ds) § 2.54 (s, 3 H), 7.57 (m, 2 H), 7.85 (s,
1 H), 8.00 (d, J = 8.5 Hz, 1 H), 8.09 (dd, J = 1.2 Hz, 7.2 Hz, 1
H), 8.23 (d, J = 8.2 Hz, 1 H).

1-(Methylthio)-7-methylnaphthalene (8f). A mixture of
8a (7.50 g, 0.034 mol), NaSCH3; (2.61 g, 0.037 mol), CuzO (2.67
g, 0.019 mol), and N-methylpyrrolidinone (35 mL) was heated
at 180~190 °C for 17 h. The mixture was cooled, diluted with
ether (150 mL) and H;0O (150 mL), and filtered through Celite.
The layers were separated, and the organic phase was washed
with H,O and brine, dried, and concentrated to give 6.30g (98%)
of 8f as a brown oil: 'H NMR (DMSO-dy) § 2.54 (s, 3 H), 2.60
(s, 3 H), 7.44 (m, 3 H), 7.71 (dd, J = 7.8 Hz, 0.9 Hz, 1 H), 7.86
(d, J = 8.3 Hz,1 H), 7.94 (d, J = 0.9 Hz, 1 H).

1-Bromo-6-fluoro-2-methylnaphthalene (8g). Toawarmed
(50 °C) solution of 8d (5.20 g, 0.032 mol) in HOAc (25 mL) was
added a solution of Bra (5.20 g, 0.032 mol) in HOAc (10 mL).
Heating was continued for 3 h. The mixture was cooled and
diluted with H,O (200 mL), and the precipitate was collected by
filtration. The crude product (5.7 g) was combined with 2.0 g of
similarly prepared material and recrystallized from hexane to
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2.8g(28% ) of 8g as a white solid: mp 65-66 °C;'H NMR (DMSO-
de) 6 2.55 (s, 3 H), 7.53 (d, J = 8.4 Hz, 1 H), 7.54 (m, 1 H), 7.77
(dd,J =9.9 Hz, 2.7 Hz,1 H), 7.86 (d, J = 8.4 Hz, 1 H), 8.22 (dd,
J = 9.4 Hz, 5.5 Hz, 1 H).
1-Chloro-6-fluoro-2-methylnaphthalene (8h). Toastirred
solution of 8d (10.0 g, 0.062 mol) in CH;Cl; (30 mL) was added
a solution of sulfuryl chloride (5.3 mL, 0.066 mol) in CH:Cl; (5
mL) over 15 min. The resultant solution was stirred at room
temperature for 18 h. CH,Cl; (100 mL) was added and the
mixture was washed with H;0, saturated aqueous NaHCOj3, and
brine, dried, and concentrated to give 12.0 g (89%) of 8h as an
oil: 'TH NMR (DMSO-dy) é 2.55 (s, 3 H), 7.36 (m, 1 H), 7.56 (d,
J=84Hz 1H), 781 (dd,J =102 Hz, 24 Hz,1 H), 7.86 (d, J
= 8.4 Hz, 1 H), 8.25 (dd, J = 9.3 Hz, 5.7 Hz, 1 H).
2-Naphthalenebutanenitrile (12). Toa cooled (0°C) stirred
solution of 2-naphthaleneethanol (11) (8.60g, 0.050 mol) in CH,Cl,
(400 mL) was added Dess—Martin periodinane® (21.2 g, 0.050
mol) in one portion. After 10 min, the mixture was warmed to
room temperature and stirring was continued for 45 min. The
reaction mixture was diluted with CH;Cl; (400 mL) and poured
into saturated aqueous NaHCO; (1000 mL) containing NayS20;
(55 g). The mixture was shaken for 5 min, and the layers were
separated. The aqueous phase was extracted with CH.Cl; (800
ml), and the combined organic phases were washed with
saturated aqueous NaHCQ;, dried (Na2SO,), and concentrated
to give 8.50 g (100%) of 2-naphthalenylacetaldehyde (83) as a
yellow oil. Due to the instability of the aldehyde, this material
was used without purification in the next reaction. 'H NMR
(CDCly) 63.84 (d,J = 2.0 Hz, 2 H), 7.33 (d, J = 8.0 Hz, 1 H), 7.50
(m, 2 H), 7.70 (s, 1 H), 7.84 (m, 3 H), 9.85 (t,J = 2.0 Hz, 1 H).

Toa cooled (0 °C) stirred suspension of NaH (60% dispersion;
3.00 g, 0.075 mmol) in THF was added a solution of diethyl
(cyanomethyl)phosphonate (9.74 g, 0.055 mol) in THF (75 mL)
dropwise over 40 min. After an additional 10 min, a solution of
83 (8.50 g, 0.050 mol) in THF (75 mL) was added dropwise over
70 min. The resultant solution was stirred for 30 min and H,O
(100 mL) was added. The mixture was concentrated, and the
residue was diluted with H;0 (400 mL) and extracted with ether
(2 X 400 mL). The combined extracts were dried and concen-
trated to give a brown oil. Purification by preparative HPLC
(hexane/CH:Cl; gradient) gave 1.36 g (14%) of 4-(2-naphtha-
lenyl)-2-butenenitrile (84) as a yellow solid: 'H NMR (CDCls)
4 3.33 (dd, 2 H), 6.19 (dt, 1 H), 6.91 (dt, 1 H), 7.08 (m, 2 H), 7.57
(dd, 1 H), 7.77 (s, 1 H), 7.83 (m, 3 H).

A mixture of 84 (1.35 g, 7.00 mmol) and 5% Pd/C (135 mG)
in EtOH (70 mL) was shaken under 50 psig of Hs for 45 min. The
catalyst was removed by filtration and the filtrate was concen-
trated togive 1.34 g (99% ) of 12 as awhitesolid: 'H NMR (CDCly)
4 2.07 (m, 2 H), 2.32 (t,J = 7.0 Hz, 2 H), 2.95 (t,J = 7.0 Hz, 2
H), 7.30 d, J = 8.0 Hz, 1 H), 7.45 (m, 2 H), 7.65 (s, 1 H), 7.80
(m, 3 H).

2-Naphthalenepentanenitrile (14). To a cooled (0 °C)
stirred solution of 2-naphthalenepropanenitrile (13)¢ (2.72 ¢, 15.0
mmo}) in ether (150 mL) was added DIBAL-H (1.0 M in toluene;
18.0mL, 18.0 mmol) dropwise over 15 min. Theresultantsolution
was stirred at 0 °C for 30 min and poured into 5% H2SO, (200
mL). The layers were separated, and the aqueous phase was
extracted with ether. The combined organic layers were dried
and concentrated to give 2.00 g (72%) of 2-naphthalenepropi-
onaldehyde (85) as an oil: 'H NMR (CDCl;) § 2.86 (t, J = 7.0 Hz,
2H), 3.16 (t,J = 7.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 1 H), 7.46 (m,
2 H), 7.64 (s, 1 H), 7.82 (m, 3 H), 9.86 (s, 1 H).

Compound 85 (2.00 g, 10.8 mmol) was converted to 5-(2-
naphthalenyl)-2-pentenenitrile (86) according to the procedure
described in the second step for compound 12 above. Purification
by flash chromatography (25% CH:Clz/hexane) gave 1.97g (88%)
of 86 as a colorless oil (1:1 cis-trans): 'H NMR (CDCly) 6 2.64
(m, 0.5 H), 2.92 (m, 3.5 H), 5.32 (m, 1 H), 6.50 (dt, 0.5 H), 6.76
(dt, 0.5 H), 7.29 (dd, J = 8.2 Hz, 0.5 H), 7.35 (dd, J = 8.2 Hz, 0.5
H), 7.47 (m, 3 H), 7.60 (s, 0.5 H), 7.64 (s, 0.5 H), 7.81 (m, 3 H).

A mixture of 86 (1.97 g, 9.50 mmol) and 5% Pd/C (197 mg)
in EtOH (75 mL) was shaken under 50 psig of H; for 25 min. The
catalyst was removed by filtration and the filtrate was concen-
trated to give 1.82 g (92%) of 14 as a colorless oil: 'H NMR
(CDCl3) 6 1.74 (m, 2 H), 1.90 (m, 2 H), 2.37 (t, J = 7.0 Hz, 2 H),
2.84 (t,J = 7.0 Hz, 2 H), 7.34 (dd, 1 H), 7.47 (m, 2 H), 7.62 (s,
1 H), 7.80 (m, 3 H).
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2-(2-Naphthalenyl)propanenitrile (16) and 2-Methyl-2-
(2-naphthalenyl)propanenitrile (17). According to a proce-
dure of Hauser,” to a refluxing suspension of NaH (60%
dispersion; 3.0¢,0.075 mol) in DME (150 mL) was added a solution
of 2-naphthaleneacetonitrile (15) (12.5 g, 0.075 mol) and io-
domethane (10.7 g, 0.075 mol) in DME (75 mL) dropwise over
1 h. The resultant solution was heated under reflux for 3 h,
cooled, and concentrated. The residue was partitioned between
H.0 (150 mL) and ether (200 mL), the layers were separated,
and the aqueous phase was extracted with ether. The combined
organic layers were dried and concentrated to give a dark oil.
Purification by preparative HPLC (EtOAc/hexane gradient) gave
5.68 g (42%) of 16 as a white solid and 2.28 g (20%) of 17 as a
yellow oil. Compound 16: 'HNMR (CDCl3) 6 1.75 (d,J = 7.0 Hz,
3 H), 4.08 (q, J = 7.0 Hz,1 H), 7.49 (m, 3 H), 7.87 (m, 4 H).
Compound 17: 'H NMR (CDCl;) 6 1.80 (s, 6 H), 7.55 (m, 3 H),
7.85 (m, 3 H), 7.95 (s, 1 H).

2-(2-Naphthalenyl)-3-phenylpropanenitrile (18). Accord-
ing to the procedure described above for 16, alkylation with benzyl
bromide gave 7.7 g (40%) of 18 as a white solid: 'H NMR (CDCls)
63.25 (m, 2 H), 4.18 (t, J = 7.0 Hz, 1 H), 7.21 (m, 6 H), 7.55 (m,
2 H), 7.75 (s, 1 H), 7.82 (m, 3 H).

2-(Naphthalenyloxy)acetonitrile (20a). To a refluxing
suspension of 2-naphthol (19a) (5.04 g, 0.035 mol) and K,CO;
(5.38 g, 0.039 mol) in acetone (250 mL) was added a solution of
chloroacetonitrile (2.94g,0.039 mol) in acetone (50 mL) dropwise
over 30 min. The resultant mixture was heated under reflux for
18 h, cooled, and concentrated. The residue was partitioned
between EtOAc (200 mL) and H;0 (200 mL), the layers were
separated, and the aqueous phase was extracted with EtOAc.
The combined organic phases were dried (Na;SO,) and concen-
trated togivea brownsolid. Purification by flash chromatography
(40% CHqCly/hexane) gave 5.44 g (86%) of 20a as a white solid:
!H NMR (CDCl;) 6 4.68 (s, 2 H), 7.08 (m, 2 H), 7.35 (m, 2 H),
7.68 (m, 3 H).

2-(Naphthalenylthio)acetonitrile (20b). According to the
procedure described for 20a above, 2-naphthalenethiol (19b) was
alkylated to give 5.86 g (65%) of 20b as an off-white solid: 'H
NMR (CDCly) 6 3.61 (s, 2 H), 7.54 (m, 3 H), 7.81 (m, 3 H), 8.05
(s, 1 H).

3-(2-Naphthalenyl)butanenitrile (22). According to steps
2 and 3 of the procedure for 12 described above, 2-acetylnaph-
thalene (21) (6.80 g, 0.040 mol) was converted to 6.60 g (85%) of
22 as a colorless oil: 'H NMR (CDCl) 4 1.59 (d, 3 H), 2.70 (m,
2 H), 3.35 (m, 1 H),7.38 (d, 1 H), 7.50 (m, 2 H), 7.70 (s, 1 H), 7.85
(m, 3 H).

3-Methoxy-3-(2-naphthalenyl)propanenitrile (24). To a
cooled (78 °C) stirred solution of acetonitrile (2.46 g, 0.060 mol)
in THF (300 mL) was added n-BulLi (1.6 M in hexane; 37.5 mL,
0.060 mol) dropwise over 30 min. After an additional 15 min, a
solution of 2-naphthaldehyde (23) (6.24 g, 0.040 mol) in THF (50
mL) was added dropwise over 45 min. The mixture was stirred
at-78 °C for 20 min and saturated aqueous NHCl (60 mL) was
added. The mixture was warmed to room temperature and
concentrated. Theresidue was partitioned between CH:Cl; (250
mL) and H,O (200 mL), the layers were separated, and the
aqueous layer was extracted with CH;Cl;. The combined organic
layers were washed with HyO, dried (NazS0O,), and concentrated
to give 7.88 g (100%) of 3-hydroxy-3-(2-naphthalenyl)propane-
nitrile (87) as an off-white solid: tH NMR (CDCly) 6 2.75 (d, J
=17.0 Hz, 2 H), 3.05 (d, J = 2.0 Hz, 1 H), 5.08 (m, 1 H), 7.45 (m,
3 H), 7.80 (m, 4 H).

Toa cooled (0 °C) stirred suspension of NaH (60% dispersion;
1.50 g, 0.038 mol) in THF (200 mL) was added a solution of 87
(4.92 g, 0.025 mol) in THF (50 mL) dropwise over 20 min. The
resultant solution was stirred at 0 °C for 5 min and dimethyl
sulfate (4.72 g, 0.038 mol) was added in one portion. After 20
min, the mixture was warmed to room temperature and stirred
for 1.5 h, HyO (50 mL) was added, and the mixture was
concentrated. Theresidue was partitioned between CH;Cl; (250
mL) and H;O (200 mL), the layers were separated, and the
aqueous phase was extracted with CH;Cl,. The combined extracts
were dried (NasSO,) and concentrated to give a yellow oil.
Purification by preparative HPLC (EtOAc/hexane gradient) gave
4.58 g (87%) of 24 as a yellow oil: 'H NMR (CDCl;) 6 2.80 (m,
2 H), ?_.132 (s, 3 H), 4.62 (t, J = 7.0 Hz, 1 H), 7.51 (m, 3 H), 7.88
(m, 4 H).
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N-Hydroxy-3-(2-naphthalenyl)propenimidamide (25).
3-Methoxy-3-(2-naphthalenyl)propanenitrile (24) (4.15 g, 0.020
mol) was converted to 3.60 g (75%) of N-hydroxy-3-methoxy-
3-(2-naphthalenyl)propanimidamide (88) (yellow oil) according
to part 1 of method A: 'H NMR (CDCl) § 2.50 (dd, 1 H), 2.71
(dd, 1 H), 3.28 (s, 3 H), 4.60 (dd, 1 H), 5.13 (br 5, 2 H), 7.47 (m,
3 H), 7.77 (s, 1 H), 7.85 (m, 3 H), 9.13 (br s, 1 H).

A solution of 88 (1.95 g, 8.00 mmol) in trifluoroacetic acid (80
mL) was heated at 40 °C for 6 h. The solution was concentrated
and the residue was partitioned between saturated aqueous
NaHCO; and CH;Cl;. The aqueous phase was extracted with
CH.Cl;, and the combined organic phases were dried and
concentrated to give a yellow solid. Trituration with CH,Cl,
afforded 1.15 g (68% ) of 25 as a white solid: 'H NMR (DMSO-
dg) 6 5.62 (br s, 2 H), 6.58 (d, 1 H), 7.23 (d, J = 16.0 Hz, 1 H),
7.48 (m, 2 H), 7.70 (d, 1 H), 7.90 (m, 4 H), 9.75 (s, 1 H).

Methyl 5-Chloro-2-naphthoate (6b). According to a pro-
cedure of Bacon and Hill,?® a mixture of methyl 5-bromo-2-
naphthoate (6a)! (35.0 g, 0.132 mol), copper(I) chloride (43.1 g,
0.436 mol), and dry DMSO (400 mL) was heated at 105110 °C
for 6 h. The mixture was cooled, diluted with H,O (250 mL) and
ether (250 mL), and filtered through Celite. The layers were
separated, and the organic phase was washed with H.O/brine
(1:1), 1 N HC}, and saturated aqueous NaHCO;, dried, and
concentrated to give 28.7 g (99%) of 6b!? as a white solid: mp
70~75 °C; 'H NMR (DMSO-dy) 6 3.93 (s, 3 H), 7.60 (m, 1 H), 7.84
(dd, J = 7.5 Hz, 0.9 Hz, 1 H), 8.10 (dd, J = 8.7 Hz, 1.8 Hz, 1 H),
8.15(d,J =84Hz,1H), 824 (d,J =9.0Hz, 1H),869(d,J =
1.8 Hz, 1 H).

5-Methoxy-2-naphthoic Acid (6¢). A mixtureof 6a (14.2¢g,
0.054 mol), NaOCH3; (25 wt % in MeOH; 73.3 g, 0.321 mol), Cul
(5.4 g, 0.027 mol), pyridine (200 mL), and MeOH (200 mL) was
heated under reflux for 36 h. The mixture was cooled and
concentrated, and H,O was added. The mixture was acidified
with 2 N HCl and extracted with EtOAc. The combined extracts
were dried and concentrated to give abrown solid. This material
was taken up in 2.5 N NaOH (50 mL) and stirred for 3 h. The
mixture was acidified and the white precipitate was collected by
filtration to give 10.8 g (100%) of 6¢ as a white solid: 'H NMR
(DMSO0-ds) 6 3.97 (s, 3 H), 7.09 (d, J = 7.8 Hz, 1 H), 7.50 (m, 1
H),7.64 (d,J = 8.3 Hz, 1 H), 7.95 (d, J = 7.5 Hz, 1 H), 8.21 (d,
J = 8.3 Hz, 1 H), 8.52 (s, 1 H).

5-(Methylthio)-2-naphthalenemethanol (6d). A stirred
mixture of 5-bromo-2-naphthalenemethanol (89) (7.20 g, 0.030
mol), NaSCHj (2.77 g, 0.039 mol), Cuz0 (2.61 g, 0.018 mol), and
N-methylpyrrolidinone (50 mL) was heated at 180~190 °C for 18
h. The mixture was cooled, diluted with water, and filtered
through Celite. The filtrate was extracted with ether, and the
combined extracts were washed with brine, dried, and concen-
trated togive an orange solid, which was a 70:30 mixture of product
and starting material CH NMR). The mixture was resubjected
to the above reaction conditions to give 2.10 g (34%) of 6d as an
orange solid: 'H NMR (DMSO-dg) 6 2.58 (s, 3 H), 4.68 (d, J =
5.8 Hz, 2 H), 5.36 (t,J = 5.8 Hz, 1 H), 7.37 (d, J = 7.3 Hz, 1 H),
749 (m,2H),7.71 (d,J = 7.9 Hz, 1 H), 8.08 (d, J = 9.0 Hz, 1
H).

Methyl 5-Vinyl-2-naphthoate (6e). According to a proce-
dure of Stille,!2 a stirred mixture of 6a (1.00 g, 3.77 mmol),
vinyltributyltin (1.32 g, 4.15 mmol), (PhsP)Pd (87 mg, 0.075
mmol), and toluene (15 mL) was heated under reflux for 4 h. The
mixture was cooled, pyridine (1.6 mL) and 1.4 N hydrogen
fluoride—pyridine in THF (3.3 mL) were added, and the mixture
was stirred at room temperature for 18 h. Ether was added and
the mixture was washed with H;0, 10% HCl, H;0, and saturated
aqueous NaHCOs, dried, and concentrated. Purification by flash
chromatography (10% EtOAc/hexane) gave 0.59 g (73%) of 6e
as a colorless oil: 'H NMR (DMSO-dg) 4 3.91 (s, 3 H), 5.54 (dd,
J =11.1 Hz, 1.5 Hz, 1 H), 5.90 (dd, J = 17.2 Hz, 1.5 Hz, 1 H),
7.61 (m, 2 H), 7.85 (d, J = 7.5 Hz, 1 H), 8.01 (dd, J = 9.0 Hz, 2.0
Hz,1H),8.10(d,J = 9.0 Hz,1 H), 8.31 (d,J = 9.0 Hz, 1 H), 8.64
d, J = 2.0 Hz, 1 H).

5-Ethynyl-2-naphthoic Acid (6f). Accordingtoaprocedure
of Takahashi et al.,!3 to a solution of 6a (11.25 g, 0.0424 mol) and
(trimethylsilyl) acetylene (5.00 g, 0.0509 mol) in diethylamine (170
mL) were added (PhsP),PdCl; (595 mg, 0.848 mmol) and Cul (81
mg, 0.424 mmol). The mixture was stirred at room temperature
for 18 h and concentrated, and the crude product was purified
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by flash chromatography (5% EtOAc/hexane) togive 8.80g (73%)
of methyl 5-[(trimethylsilyl)ethynyl]l-2-naphthoate (90) as a
yellow oil: 'H NMR (DMSO-ds) 6 0.31 (s, 9 H), 3.92 (s, 3 H), 7.569
(dd, J = 8.1 Hz, 7.2 Hz, 1 H), 7.84 (dd, J = 7.2 Hz, 0.9 Hz, 1 H),
8.10 (dd, J = 8.7 Hz, 1.8 Hz,1 H), 8.19 (d, J = 8.1 Hz, 1 H), 8.67
d, J = 1.8 Hz, 1 H).

To a solution of 90 (8.8 g, 0.031 mol) in MeOH (65 mL) was
added 1 N KOH (68 mL, 0.068 mol). After the MeOH was
removed under reduced pressure and the aqueous phase was
extracted with ether (discarded). Acidification with 2 N HC1
yielded a white precipitate. Trituration with hot acetone gave
4.8 g (719%) of 6f as a white solid: mp 247-248 °C; 'H NMR
(DMSO-ds) § 4.69 (s, 1 H), 7.60 (dd, J = 8.1 Hz, 7.5 Hz, 1 H), 7.87
(dd, J = 7.5 Hz, 0.9 Hz, 1 H), 8.11 (dd, J = 9.8 Hz, 1.8 Hz, 1 H),
8.19(d, J = 8.1 Hz,1 H),8.30 (d,/ = 9.0 Hz, 1 H), 8.66 (d,J =
1.8 Hz, 1 H); MS m/e 196 (M*).

Ethyl 5-(Trifluoromethyl)-2-naphthoate (6g). According
to a procedure of Matsui et al.,)” a mixture of ethyl 5-bromo-
2-naphthoate (5.00 g, 0.018 mol), Cul (6.84 g, 0.036 mol), sodium
trifluoroacetate (9.80 g, 0.072 mol), and N-methylpyrrolidinone
(55 mL) was heated under reflux for 27 h. The mixture was
cooled, poured into HoO/brine (1:1), filtered through Celite, and
extracted with EtOAc. The combined extracts were dried and
concentrated. Purification by preparative HPLC (EtOAc/hexane
gradient) gave 2.3 g (48%) of 6g as a whitesolid: 'H NMR (CDCly)
6 1.43 (t, 3 H), 4.48 (q, 2 H), 7.58 (m, 1 H), 7.80-8.30 (m, 4 H),
8.7 (s, 1 H).

5-Methyl-2-naphthoic Acid (6h). To a cooled (-78 °C)
stirred solution of 5-bromo-2-naphthoic acid (20.0 g, 0.080 mol)
in THF (400 mL) was added MeLi (1.3 M in THF; 123 mL, 0.159
mol) dropwise over 1 h. The resultant solution was stirred for
40 min and CH;l (22.6 g, 0.159 mol) was added in one portion.
After 2 h, the mixture was warmed to room temperature and
stirred for 18 h. H,0 was added and the mixture was extracted
with ether. The combined extracts were washed with H;O and
extracted with 10% NaOH. The combined aqueous layers were
acidified to pH 1 with concentrated HC}, and the precipitate was
collected by filtration. The filtrate was extracted with ether,
and the combined extracts were dried, concentrated, and
combined with the precipitate to give 12.8 g (87%) of 6h as a
white solid: 'H NMR (DMSO-dy) 6 2.64 (s, 3 H), 7.50 (s, 1 H),
8.00 (m, 4 H), 8.63 (d, J = 8.0 Hz, 1 H).

8-Bromo-5-methoxy-2-naphthoic Acid (6i). To a cooled
(-78 °C), stirred suspension of 6¢ (5.00 g, 0.025 mol) in CH,Cl;
(100 mL)) was added asolution of Br, (3.95 g, 0.026 mol) in CH,Cl,
(40 mL) dropwise over 30 min. The mixture was warmed to
room temperature, stirred for 2.5 h, and concentrated. The
residue was taken up in H,O and extracted with EtOAc. The
combined extracts were washed with brine, dried, and concen-
trated to give 6.31 g (91%) of 6i as a yellow solid: 'H NMR
(DMSO-ds) 6 3.99 (s, 3 H), 705 (d,J =84 Hz,1H),7.86 d, J
=84 Hz,1H),803(,J=8.7Hz 1H),826 (d,J =87Hz1
H), 8.71 (s, 1 H).

8-Bromo-7-methyl-2-naphthoic Acid (6y). Accordingtothe
procedure for 8g above, 7-methyl-2-naphthoic acid (6u) was
brominated to give 6y as a white solid: mp 274-276 °C; 'H NMR
(DMSO-ds) 6 2.57 (s, 3 H), 7.59 (d,J = 8.4 Hz,1 H), 792 d, J
(=: 8.4 Hz, 1 H), 7.98 (m, 2 H), 8.82 (s, 1 H). Anal. (C;2HgBr0O,)

, H.

3-Methyl-2-(trifluoromethyl)naphthalene (8k). Accord-
ing to the procedure for 6h above, 3-methyl-2-bromonaphthalene
(2.20 g, 0.010 mol) was converted to 1.60 g (62%) of 8k as a white
solid: 'H NMR (CDCl;) 6 2.62 (s, 3 H), 7.54 (m, 2 H), 7.80 (m,
3 H), 8.15 (s, 1 H).

‘1-Bromo-2,3-dimethylnaphthalene (81). To a heated (50
°C) mixture of 2,3-dimethylnaphthalene (15.7 g, 0.10 mol),
catalytic iodine, and acetic acid (350 mL) was added bromine
(19.2 g, 0.12 mol) dropwise. Heating was continued for 1.5 h, and
the mixture was cooled and diluted with H;O (350 mL). The
precipitate was collected by filtration, taken up in ether, washed
with water, dried, and concentrated. The 1,4-dibromo-2,3-
dimethylnaphthalene was removed by crystallization from hex-
ane. The filtrate was concentrated to give 18.2 g (77%) of 81 as
a yellow solid: 'H NMR (DMSO-ds) 6 2.47 (s, 3 H), 2.54 (s, 3 H),
7.50 (dd, J = 7.3 Hz, 8.0 Hz, 1 H), 7.56 (dd, J = 7.3 Hz, 8.0 Hz,
1H),7.73 (5,1 H), 7.82 (d, J = 8.0 Hz, 1 H), 8.11 (d, J = 8.0 Hz,
1 H); MS m/e 234 (M*).
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5-Ethyl-2-naphthaleneacetonitrile (10d). A mixture of
5-ethynyl-2-naphthaleneacetonitrile (10¢) (1.10 g, 5.75 mmol),
5% Pd/BaSO; (0.10 g), quinoline (0.1 mL), and acetone (8 mL)
was stirred under H: (1 atm) for 21 h. The mixture was diluted
with ether and the catalyst was removed by filtration. The filtrate
was washed with 1 N HCl and saturated aqueous NaHCOj, dried,
and concentrated. Purification by flash chromatography (10%
EtOAc/hexane) gave 1.00 g (76%) of 10d as a yellow oil (none
of the desired 5-vinyl-2-naphthaleneacetonitrile was obtained):
1H NMR (CDClg) 6 1.37 (t,J = 7.6 Hz, 3 H), 3.10 (q, J = 7.6 Hz,
2 H), 3.91 (s, 2 H), 7.41 (m, 3 H), 7.68 (d, J = 7.9 Hz, 1 H), 7.82
d,J = 1.0 Hz, 1 H), 8.06 (d, J = 9.0 Hz, 1 H).

Pharmacological Procedures. The effect of drugs on plasma
glucose levels of diabetic mice (male, db/db (C57BL/KsJ), Jackson
Laboratories) was determined as previously described.*

Female obese ob/ob (C57BL/6J, Jackson Laboratories) mice
of 3-5 months of age were used. Drugs were administered daily
for 10 days by oral gavage to the ad libitum fed mice. Four hours
after the last administration of drug or vehicle (0.2 mL of 2%
Tween 80/saline, w/v) the mice were decapitated, and the blood
was collected for assay of glucose and insulin.

Streptozocin-treated (100 mg/kg, ip) diabetic rats (male,
Sprague-Dawley, Charles River) received daily administration
of drug or vehicle for 3 weeks. Blood samples were collected
from the tail tip 90 min after the last dosage and assayed for
plasma glucose levels.

Nondiabetic rats (male, Sprague-Dawley, Charles River)
received a single administration of drug or vehicle and blood
samples were collected from the tail tip at 1, 2, and 4 h after
dosing. Plasma glucose levels were determined. Alternatively,
drug or vehicle was administered daily for 11 days and urine was
collected for 24 h and assayed for glucose. Food and water
consumption were also measured.
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