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Nitrogen heterocyclic carboximidamides, such as linogliride, 1a, have been shown to possess
significant hypoglycemic activity and have shown clinical efficacy as potential antidiabetic agents.
We evaluated the biological significance of the heterocyclic ring A of general structure 1, which
has always been maintained in this class of compounds, by preparing acyclic compounds of general
structure 2. Preliminary in vivo biological testing, i.e., the glucose tolerance test in rats, indicates
that a number of the specific acyclic carboximidamides prepared, 6a-kk, possessed significant
hypoglycemic activity often comparable to, and in some cases better than, the activity noted for
our model compound, 1a. These results suggest that the heterocyclic ring A of 1 is not essential
for hypoglycemic activity for this class of compounds.

Introduction

Diabetes mellitus is a chronic metabolic disorder which,
when untreated or poorly controlled, can be debilitating
to the point of causing blindness, heart disease, kidney
disease, gangrene, and eventually death.! It has been
estimated that about 5% of the population of the United
States are diabetic to varying degrees.? Approximately
80-90% of known cases of diabetes mellitus are noninsulin
dependent (NIDDM) diabetics.? For over 30 years the
classical oral treatments for NIDDM have been the
hypoglycemic sulfonylureas and biguanides.3 Over the
past 10 years there have been reports that a novel series
of heterocyclicimidamide compounds of general structure
1,4 which are unrelated structurally to the sulfonylureas
or biguanides, have shown good clinical efficacy as oral,
insulin secretagogue, hypoglycemic agents.3
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In the broad series of the heterocyclic imidamides 1
reported, heterocyclic ring A in general structure 1 has
always been conserved.* We chose to evaluate the bio-
logical significance of this ring by preparing acyclic
compounds of general structure 2.

Linogliride, 1a, is a clinically efficacious hypoglycemic
analog of the cyclic series 1 and has been extensively
evaluated.?® Consequently, in planning the acyclic com-
pounds to prepare, 1a was chosen as the model compound.
Besides opening ring A of 1a, and varying the opened ring’s
acyclic moieties, no alteration of la was made for the
majorityof the specific acyclic carboximidamidesprepared,
i.e., compounds 6a-kk. By eliminating the variable of
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further changes to molecule 1a, we felt the significance of
ring A for 1’s hypoglycemic activity could accurately be
assessed.

Chemistry

Initial plans were to synthesize compounds 6a-kk using
aclassical method for the preparation of amidines (Scheme
I). This route entails two steps including formation of an
imidate or imidate salt type species, 4, from an amide 3
followed by reaction of 4 with a nucleophilic guanidine 5
to give the desired product 6. This route apparently has
proven quite successful for the cyclic compounds 1 with
their products being easily isolated. However, for the
synthesis of the acyclic compounds 6 this route was
generally poor yielding and, more importantly, isolation
of product 6 from starting material 5 often proved
problematic. The problematic separation of 6 from
unreacted 5 seemed most difficult when 6 was prepared
from 3 with lower alkyl R group substituents. In those
cases, a solubility difference for either crystallization or
extraction of 6 from 5, or a quickly operative, acceptable
separation of 6 from 5 by column chromatography, were
not easily found. We therefore opted to explore alternate
syntheses (Schemes II-IV) in preparing our target com-
pounds to determine if we could find cleaner, higher
yielding pathways.

In Scheme II, guanidine § was reacted with a number
of various acid anhydrides to cleanly give their amide
products 7. Treatment of the various amides 7 with
Lawesson’s reagent under mild conditions (0 °C to room
temperature) led to the thioamides 8. Generally, heating
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of these thioamide reactions seemed to lead to appreciable
decomposition of 8 based on TLC. Compounds 8 have
been found, however, to be stable indefinitely as solid HC1
salts following their workup. Reaction of compounds 8
with NaH to generate their respective anions followed by
treatment with CH;I led to compounds 9. When isolated,
compounds 9 also appeared quite stable and were some-
times held at room temperature for weeks prior to
subsequent reactions without any decomposition. Reac-
tion of 9 with a variety of amines led to a wide variety of
N-substituted imidamides 6. Although Scheme II proved
longer than Scheme I and did not necessarily prove to be
always higher yielding, it did offer, in some cases, distinct
advantages. An obvious advantage to this scheme was
the ability to quickly change R’ and R” substituents on
6 with relative ease. Less obvious, but more importantly,
was the advantage of being able to easily isolate certain
final products 6.

For Scheme III, nitrilium ions were formed by reacting
their respective nitriles with either dimethyl sulfate (DMS)
or Meerwein’s reagent. The reactive nitrilium ions were
then treated with a base guanidine 5 to generate desired
products 6. Again, although not a higher yielding reaction
sequence than Scheme I, this route did prove useful for
quickly preparing R’-monosubstituted nitrogen analogs
of 6.

Scheme IV, which entailed hydrogenolysis of 6o to 6p,
was used when it was found that aniline proved unreactive
with 7 under the standard reaction conditions of Scheme
IL

The chemistry explored to make the varied substitutions
in our series show that overall the sequences employed
were quite complementary.

Results and Discussion

Asdescribed inthe Experimental Section, hypoglycemic
activity of final compounds 6a-kk (Table I) was measured
using the rat oral glucose tolerance test. The mean
maximum percent lowering values listed in Table I were
determined at a single dose of 10 mg/kg, sc, and when
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Table I

mean

max. EDy
no. Y Z R R’ R” % lowe  (95% CI)®
6a O H H CH; CH; 22 ND
6b O H Ph CH; CH; 25 ND
6c O H CH;, CH; CH; 38 6.7(5.2-10.1)
6d O H Et CH; CH; 43 5.3(3.3-9.1)
6e OH CH; -(CHy)s— 46 5.3(3.0-9.2)
66 OH i-Pr CH; CH; 43 4.3(3.0-5.6)
6g O H CH; H CH; 45 2.6 (1.3-3.5)
6h O H n-hexyl CH; CH; 31 ND
6i OH CH; n-Bu CH;j 33 17.6(5.2-20.8)
6 OH CH;, H i-Pr 42 39(1.5-6.2)
6k OH CH;, Ph CH; 20 ND
61 OH c-hexyl CH; CH; 27 ND
6ém O H i-Pr H CH; 52 1.5(1.1-1.9)
én O H CH2Ph CH;} CH;} 27 ND
6o OH CH;, CH.,Ph Ph 17 ND
6p OH CH; H Ph 26 ND
6q OH t-Bu CH;; CH;; 40 9.6 (6-5‘32)
6r OH i-Pr H i-Pr 23 ND
6s O H CH3 '(CHz)gO(CHg)g— 24 ND
66 OH CH,-t-Bu CH; CH; 37 5.9(3-36)
6u OH CH; H t-Bu 45 4.2(1.9-6.6)
6v OH CH; H CH,Ph 50 4.3(2.3-64)
6w O H CH;} —(CHg)zNMe(CHz)Q— 1A
6x OH CH; H H 21 ND
6y OH CH;, H n-Pr 56  0.97 (0.06-1.9)
6z H i-Pr H CH; 43 ND
6aa O H i-Pr H H 3¢ ND
6bb O H i-Pr H Et 26 ND
6cc O H i-Pr H n-Pr 3l ND
6dd O 4-F i-Pr H CH; 42 ND
6ee O H Et H CH; 42 ND
6ff O H CH; H Et 48 4.6 (3.8-5.3)
6gg O H CH;, H CH,CO:Et 1A
6hh O H CH;, H CH.CH,OH 15 ND
6ii O H CH; H COCH; 22 ND
6ii OH CH; H SO,CH; 1A
6kk O 2-OMe i-Pr H CH; 21 ND
la OH -(CHy)— CH; 34 6.1(4.3-8.1)

@ Mean maximum percent lowering were calculated as described
in Experimental Section. The values were determined at a dose of
10 mg/kg, sc. ® EDgg equals the dose (mg/kg) calculated from dose—
response studies to produce a 30% maximum decrease of glucose
from control. The 95% confidence interval (CI) is shown in
parentheses. IA = inactive, ND = not determined.

deemed appropriate, an ED3; was calculated from dose—
response studies.

Asis clearly evident from Table I, the majority of acyclic
compounds 6 prepared possessed significant hypoglycemic
activity which was often comparable to, and in some cases
better than, the activity for our model heterocycle, 1a.
Generally, minor molecular alterations of the acyclics 6
did not result in magnitudinal differences in activity.
However, the differences were significant enough that, by
breaking the series of 6 into subsets, some apparent trends
can be observed in developing an SAR.

Examination of the R group of 6 indicates that an i-Pr
or smaller alkyl substituent leads to a maximizing of
activity. This is demonstrated by comparing a group of
compounds where R is varied while maintaining Y, R/,
and R” as constants O, Me, and Me, respectively. From
this series of compounds the following trends in activity
are noted: 6a (H) < 6¢ (Me) < 6d (Et) < 6f (i-Pr) > 6q
(¢-Bu) > 6h (n-hexyl), 61 (c-hexyl), 6b (Ph), and 6n (Bz).
This trend seemed to vary slightly when groups bulkier
than Me were attached at the R” position. For example,
when R was compared between Me and i-Pr, with R’ being
held constant as H and R” varied from Me to the bulkier
Et, n-Pr, or i-Pr, the activity shifted toward the Me-
substituted R proving more active in all cases (6ff > 6bb;
6y > 6ce; 6j > 6r).
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Table II
compd a formula® purification¢ % yield mp, °C

6a A-1 C14HyoNO Et,0 48 109-112
6b A-2 CqoH24N,O-HC1 Et,0 24 215-218
6c B C]5H22N40’3/2C4H404 EtOH 34 150-151
6d B Ci16H24N,O-C{H4O4 CH3;CN 36 141-144
be B CisH2N,0-C4H,04 i-PrOH/CH;CN/Et.0 30 154-157
6f B Cl7H26N40 hexane 33 88-90
6g B Cl4H20N40'3/ C4H.O04 i-PrOH/Et,0 48 145-147
6h B CyoH3N.0-3/,CH 04 EtOH/Et;0 d 140-143.5
61 B C18H2sN40-CsH,O4+EtOH EtOH/Et;0 41 94-99
6j B C1gH24N4O Ets0/hexane 46 142-145
6k A-3 CgoH34N40-C;H,04-0.5H,0 EtOH/Et.0 18 160-161.5
61 A-1 CyoH3oN40-3/,CH 04 EtOH 13 169-170.5
6m B C16HasN4O Et,0 27 155-158
6n A-1 C21Hy6N4O-C{H, 04 EtOH 51 169.5-171
6o A-1 CoeH3sN0-C;H;NOsS EtOH 24 170-173
6p D C19H3oN4O-C-H;NOsS EtOH 25 180-181.5
6q A-1 ClsH23N40-C7H5N03S EtOH/Etzo 7 131.5-133.5
6r B C1sH2sN4O cyclohexane 27 132-135
68 B C;7H24N(0-C{H,0,-0.33EtOH EtOH 65 185-187
6t A-1 C]9H30N40'3/ 2C4H04 EtOH 12 150-152
6u B C17Hg6NO Et,0 23 164-166.5
6v B Con24N40 hexane 18 126.5-129
6w B C18H27N:0-C;H;NOsS i-PrOH 62 147-149
6x A-1 C13HjsN4O e15:1 MeOH-NH,OH;

cyclohexane 26 146-148
8y B C1sH24N,O cyclohexane 66 100~-103.5
6z B Ci1eHa4Ny CH,Cly/hexane 13 181.5-183.5
6aa A-1 C1sHaoN,O ¢200:1 MeOH-NH,OH;

cyclohexane 47 123-126
6bb C C17H6N,Of i-PrOH; toluene 30 155-158
6ce A-1 C 13H23N4O ¢150:1 MeOH-NH,OH;

hexane 12 122.5-123.5
6dd C C16H23FNLO CH:Cly/hexane 11 150-152
Gee B C1sH2oN,O cyclohexane 50 117-120
Sff B Cl5H22N40'C4H404 i-PrOH 71 156.5-158.5
Ggg B Cl7H24N403'C4H404 i-PrOH 45 167.5-170
6hh A-1 Cl5H22N402 €200:1 MeOH—NH40H;

Et.0 9 132-134
6ii A-1 C15Hy0N O, Et,0 54 146-149
Sjj B Cl4H20N403S €20:1 CHCla—MeOH;

MeOH 6 173-174
6kk C C17H6N4O2 €9:1 MeOH-NH,OH;

CH,Cly/hexane 12 149-151

a Method/reagent used to synthesize the product. ®* C;HO4 represents fumaric acid and C;H;NOQsS represents saccharin; all products were
analyzed for C, H, N; where specified H.O analysis also performed. ¢ Products were crystallized and/or recrystallized from listed solvents.? Not
reported. ¢ Crude material flash chromatographed on silica gel eluting with identified solvent system prior to crystallization with listed solvent.

fC: caled, 67.52. Found, 66.32.

It alsoappeared that the R’-and R”-substituted nitrogen
proved most active with monoalkyl substitution when
compared to unsubstituted or disubstituted molecules of
similar structures. In the sets of structures where R was
Me or i-Pr and R’ and R” were sequentially varied from
Me to H substitutions, the activity trend was consistently
monoalkylated > dialkylated > unalkylated substitution
(6g > 6¢ > 6x; 6m > 6f > Gaa).

In the few cases where functionality was added to the
R’ and R” positions of 6 the activity was either significantly
reduced if not lost entirely. This conclusion is illustrated
with the following comparisons: 6e > 6s > 6w; 6y > 6hh;
6j > 6ii; and 6u > 6jj.

In summary, this work demonstrates that the hetero-
cyclic ring A of 1 is not essential for the imidamide class
of compounds to maintain significant hypoglycemic ac-
tivity. In fact, it appears that based on our preliminary
biological data that the opened ring series 6 may possess
moresignificant hypoglycemic activity thanseries 1. This
is demonstrated by the activities of 6g, 6m, and 6y, which
all proved more potent than la. Further biological
evaluation of the series of 6 will help determine if their
overall pharmacological profile is as favorable as, and
hopefully better than, that for la.

Experimental Section

All final products included in Table II were characterized by
90-MHz ‘H NMR (Varian EM 390), IR (Nicolet 60SX), and
elemental analyses. When NMR'’s are reported they are from
primary spectra. The elemental analyses were carried out by
Atlantic Microlab, Inc., Atlanta, GA, and water analysis, when
necessary, was performed by Scandinavian Labs, Herlev, Den-
mark. Melting points were determined on a Thomas-Hoover
Unimelt capillary melting point apparatus and are uncorrected.
Allreagents were commercially available unlessspecified. Table
II also identifies the typical procedure followed to prepare each
respective final product. Variance from these typical procedures
is outlined below for all compounds where modifications were
required.

Typical Procedure for Method A-1. N-[(Dimethylamino)-
methylene]-NV-phenyl-4-morpholinecarboximidamide (6a).
A solution of DMF, 3a (9 mL, 112.5 mmol), in CH,Cl, (75 mL)
was added to freshly prepared® Et;O*BF,- (112.5 mmol) in CH,-
Cl; (400 mL) at room temperature under Ar over 10 min. After
6 h 5a4(23.25 g, 112.5 mmol) in CH,Cl; (100 mL) was added to
the reaction mixture at room temperature over 5 min. After 16
h the mixture was extracted with water and then 15% NaOH.
The organic phase was separated, dried over K,;COs, filtered,
and concentrated under reduced pressure to give 29.24 g of crude
product. This material was triturated in Et;O to yield 14.10 g
(48%) of 6a. '"H NMR (CDCly): 4 2.7-3.0 (overlapping singlets,
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6H, CH,), 3.5-3.7 (d, 4H, NCH,CH;0), 3.7-3.9 (d, 4H, NCH,-
CH,0), 6.7-7.3 (m, 5H, Ar), 7.3-7.4 (s, 1H, CH).
N-[Cyclohexyl(dimethylamino)methylene]-N-phenyl-4-
morpholinecarboximidamide-(E)-2-Butenedioate (2:3) (61).
The desired product was prepared via the procedure used for 6a
after substituting N,N-dimethylcyclohexanecarboxamide, 3b,in
place of 3a. Compound 3b was prepared simply by reacting
cyclohexanecarbonyl chloride with dimethylamine. The workup
of the reaction for 61 also varied from the typical procedure. The
reaction mixture (73-mmol scale) was concentrated under reduced
pressure and H;O (2 L) added to the residue. This mixture was
extracted three times with Et;0 (300-mL portions). The aqueous
phase was then extracted twice with CH,Cl, (350-mL portions).
The CH,Cl; extracts were combined and washed with 15% NaOH
(400 mL). The organic phase was dried over K,COs, filtered, and
concentrated under reduced pressure. The residue (13.13 g) was
dissolved in EtOH (40 mL) and combined with fumaric acid (4.01
g, 34.6 mmol) which was dissolved in hot EtOH. The warm salt
solution was filtered through Dicalite and cooled. The resulting
solid which precipitated from the cooled filtrate was filtered and
ringsed with a small amount of i-PrOH and Et,0 to yield 4.92 g
(13%) of 61 as a white solid.
N-[1-(Dimethylamino)-2-phenylethylidene]-N-phenyl-4-
morpholinecarboximidamide—( E)-2-Butenedioate (6n). The
desired product was prepared by following the procedure used
for 6a after substituting N,N-dimethylbenzeneacetamide, 3¢, in
placeof 3a. Compound 3¢ was prepared by reacting phenylacetyl
chloride with dimethylamine. The workup of the reaction for 6n
also varied from the typical procedure. After the reaction was
complete the reaction mixture (73-mmol scale) was extracted
twice with 3 N HCI (150-mL portions). The organic phase was
then extracted with 15% NaOH (200 mL), dried over K;COs,
filtered, and concentrated underreduced pressure to yield a brown
oil (21.09 g). The fumarate salt 6n was prepared in a similar
manner as 61.
N-Phenyl-N-[1-[phenyl(phenylmethyl)amino]ethylidene]-
4-morpholinecarboximidamide Complex with 1,2-Ben-
zisothiazol-3(2H)-one 1,1-Dioxide (60). The desired product
was prepared via the procedure used for 6a after substituting
N-phenyl-N-benzylacetamide, 3d, in place of 3a. Compound 3d
was prepared simply by reacting acetyl chloride with N-phenyl-
N-benzylamine.
N-[1-(Dimethylamino)-2,2-dimethylpropylidene]-N-phen-
yl-4-morpholinecarboximidamide Complex with 1,2-Ben-
zisothiazol-3(2 H)-one 1,1-Dioxide (6q). The desired product
was prepared by following the procedure used for 6a after
substituting N,N-dimethyltrimethylacetamide, 3e, in place of
3a. Compound 3e was prepared by reacting trimethylacetyl
chloride with dimethylamine. The workup of 6q also varied from
the typical procedure, following instead the workup for 61.
N-[1-(Dimethylamino)-3,3-dimethylbutylidene]-N-phen-
yl-4-morpholinecarboximidamide—(E)-2-Butenedioate (2:3)
(6t). The desired product was prepared by following the
procedure used for 6a after substituting N,N-dimethyl-tert-
butylacetamide, 3f, in place of 3a. Compound 3e was prepared
by reacting tert-butylacetyl chloride with dimethylamine. The
workup of 6t also varied from the typical procedure. After the
initial reaction mixture was concentrated, it was attempted to
partition the residue between Et;O and H;0, however a white
solid precipitated between the biphasic solution. The solid was
filtered and partitioned between 156% NaOH and CH;Cl;. The
CH:Cl; phase was dried over K;COs, filtered, and concentrated
under reduced pressure to yield a clear oil. The fumarate salt
6t was then prepared from this oil in a similar manner as 6l.
N-[1-Amino-2-methylpropylidene]-N-phenyl-4-morpho-
linecarboximidamide (6aa). The desired product was prepared
by following procedure A-1 with a number of variations. Isobu-
tyramide, 3g (3.92 g, 45 mmol), was converted to its imidate salt
following the general Meerwein conditions of A-1 and subse-
quently converted to its free base by treatment of the reaction
mixture with 50% Na;COj; (100 mL). The resulting mixture was
filtered and the organic phase dried over K;COs, filtered, and
distilled under reduced pressure to yield 2.24 g of said free base
imidate, 4g, as a liquid. A sample of 4g (2.24 g, 19.6 mmol) was
combined with 5a (2.00 g, 9.8 mmol) and THF (10 mL) and then
warmed to reflux for 4 days. Then a second portion of 4g (4.00
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g, 35.1 mmol) was added to the reaction mixture, and heating
was continued an additional 12 days. The reaction mixture was
concentrated under reduced pressure and purified as described
in Table IL

N-[2-Methyl-1-(propylamino)propylidene]-N-phenyl-4-
morpholinecarboximidamide (6cc). The desired product was
prepared via the procedure used for 6a after substituting N-(n-
propyl)isobutyramide, 3h, in place of 3a. Compound 3h was
prepared by reacting isobutyryl chloride with propylamine. Also
the 6ce reaction mixture was stirred for 12 days prior to the
standard workup.

N-[1-[(2-Hydroxyethyl)amino]ethylidene]-N-phenyl-4-
morpholinecarboximidamide (6hh). Thedesired product was
prepared by following the procedure used for 6a after substituting
N-[2-(acetyloxy)ethyl]acetamide, 3i, in place of 3a. Compound
3i was prepared by reacting acetic anhydride with N-acetyle-
thanolamine. Also the 6hh reaction mixture was stirred for 6
days at reflux prior to the standard workup and then purified
as described in Table II.

N-[1-[[(4-Morpholinyl)(phenylimino)methyl Jimino]ethyl]-
acetamide (6ii). The desired product was prepared via a
variation of procedure A-1. Under Ny, 5a (5.12 g, 25 mmol) was
added to N-acetylacetimidic acid ethyl ester$ 4j (12.9 g, 100
mmol), at room temperature. After the mixture was stirred for
4 days, the resulting solid was filtered and purified as described
in Table IL.

Typical Procedure for Method A-2. N-[(Dimethylamino)-
phenylmethylene]-V-phenyl-4-morpholinecarboximida-
mide Hydrochloride (6b). A freshly prepared phosgenesolution
(30 mL of 2 M in toluene; 60 mmol) was added at room
temperature to a solution of N,N-dimethylbenzamide (3.4 g, 22.5
mmol) in CH,Cl; (40 mL) at room temperature and immediately
warmed to reflux under Ny. After 15 min the reaction mixture
was cooled to room temperature and an additional portion of
phosgene solution was added (20 mL, 40 mmol). The reaction
mixture was then rewarmed to reflux for an additional hour, at
which point gas evolution ceased. The reaction mixture wasthen
concentrated under reduced pressure. The residue was redis-
solved in CH;Cl; (30 mL) and combined with 5a (4.65 g, 22.5
mmol) in CH,Cl; (40 mL). After 21 h the reaction mixture was
extracted with water. The aqueous phase was then extracted
three times with CHCl;. The CHCIl; extracts were combined
and concentrated under reduced pressure to give 4.35 g of crude
product as a yellow oil. This material was triturated in Et;0 to
yield 2.00 g (24%) of 6b. 'H NMR (CDCls): 4 2.9 (s, 3H, CHy),
3.3 (s, 3H, CHjy), 3.7-3.85 (s, 8H, morpholinyl), 6.7-7.3 (m, 10H,
Ar), 11.1-11.2 (bs, 1H, HCI).

Typical Procedure for Method A-3. N-[1-(Methylphe-
nylamino)ethylidene]-N-phenyl-4-morpholinecarboximi-
damide-(E)-2-Butenedioate-Hydrate (2:2:1) (6k). Under Nj,
N-methyl-N-phenylacetamide (13.6 g, 90 mmol) and dimethyl
sulfate (8.4 mL, 90 mmol) were combined at room temperature
and then immediately warmed on a steam bath for 30 min. The
reaction was recooled to room temperature, and then 5a (18.45
g, 90 mmol) in CH.Cl; (140 mL) was added over 1 min which
caused the reaction to warm to a gentle reflux. After 1 h, the
resulting solid was filtered off and the filtrate was concentrated
under reduced pressure. The concentrated residue was combined
with 8 N HCI (150 mL) and extracted four times with Et;O (100-
mL portions). The aqueous phase was then extracted three times
with CHCl; (100-mL portions). The CHCIl; extracts were
combined, extracted with 15% NaOH, dried over K;CO3, filtered,
and concentrated under reduced pressure to yield 14.20 g of clear
oil. This oil was dissolved in Et;0, filtered through Dicalite, and
combined with fumaric acid (3.58 g, 30.9 mmol) which had been
dissolved in EtOH (100 mL). The resulting white solid was
filtered and rinsed with EtOH and then Et;0 to yield 7.42 g
(18%) of 6k. 'H NMR (DMSO-dg): 4 1.5 (s, 3H, CCH3), 3.2 (s,
3H, NCHy), 3.4-3.7 (bd, 8H, morpholinyl), 6.5 (s, 2H, CHCO:H),
6.7-7.3 (m, 138H, Ar, CO.H, and 0.5 H,0).

Typical Procedure Sequence for Method B. N-[(4-
Morpholinyl)(phenylimino)methyl]acetamide (7a). Under
N; over 30 min acetic anhydride (4.4 mL, 45 mmol) in CH,Cl,
(60 mL) was added to a room temperature mixture of 5a (9.2 g,
45 mmol) and K;CO; (6.4 g, 45 mmol) in CH,Cl; (80 mL). After
2.5 h the mixture was extracted with 15% NaQOH. The aqueous
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phase was then saturated with NaCl and extracted several times
with CHCl;. The combined CHCI; extracts were dried over K,-
CO, filtered, and eéncentrated under reduced pressure to yield
10.04 g (90%) of 7a as a clear oil which crystallized to a white
solid upon standing, mp 92-95 °C. 'H NMR (CDCls): 8 2.1 (s,
3H, COCHjy), 3.3-8.5 (m, 4H, NCH,CH,0), 3.5-3.7 (bd, 4H,
NCH,CH,0), 6.8-7.2 (m, 5H, Ar). Anal. (C;3sH;N30,) C, H, N.
N-[(4-Morpholinyl)(phenylimino)methyl]propanamide
(7b). The desired product was prepared via the procedure used
for 7a after substituting propionic anhydride in place of acetic
anhydride to yield 7b as a white solid in 79% yield, mp 105~108
[
C.

2-Methyl-N-[(4-morpholinyl)(phenylimino)methyl]-
propanamide (7c). The desired product was prepared via the
procedure used for 7a after substituting isobutyric anhydride in
place of acetic anhydride toyield 7c as a white solid in 82 % yield.

N-[(4-Morpholinyl)(phenylimino)methyllheptanamide
(7d). The desired product was prepared via the procedure used
for 7a after substituting heptanoic anhydride in place of acetic
anhydride to yield 7d as a white solid in 71% yield, mp 69-76
DC .

2-Methyl-N-{(4-pyrrolidinyl)(phenylimino)methyl]-
propanamide (7e). The desired product was prepared via the
procedure used for 7a after substituting isobutyric anhydride in
place of acetic anhydride and 5¢¢ in place of 5a. The workup also
varied in that the reaction mixture was filtered after 16 h and
extracted with a NaCl saturated 15% NaOH solution. The
organic phase was dried over MgSOy, filtered, and concentrated
under reduced pressure to yield a yellow oil. This oil was
crystallized from EtOAc to yield 7e as a white solid in 49% yield,
mp 82-85 °C.

N-[(4-Morpholinyl)(phenylimino)methyl]ethane-
thioamide Hydrochloride (8a). Under N;, Lawesson’s reagent
(16.48 g, 41.2 mmol) was added to a 0-5 °C solution of 7a (18.57
g, 74.9 mmol) in THF (400 mL). After 3.5 h the reaction was
warmed to room temperature and stirred an additional 16 h. The
mixture was then concentrated under reduced pressure. The
residue was dissolved in acetone (150 mL) and treated with
ethereal HC1 (75 mL). Theresulting solid was filtered and rinsed
with acetone and then Et,O to yield 12.48 g (56%) of 8a as a
yellow solid, mp 181-184 °C. 'H NMR (CDCly): 4 2.4 (s, 3H,
CHs), 3.8 (s, 8H, morpholinyl), 7.2-7.4 (bd, 6H, Ar and HCl).
Anal. (C;3HsN308-HC)) C, H, N.

N-[(4-Morpholinyl)(phenylimino)methyl]lpro-
panethioamide Hydrochloride (8b). The desired product was
prepared via the procedure used for 8a after substituting 7b in
place of 7a to yield 8b as a yellow solid in 69 % yield, mp 176-179
°C. Anal. (CunNaOS'HCl) C, H, N.

2-Methyl-N-[(4-morpholinyl)(phenylimino)methyl]-
propanethioamide Hydrochloride (8c). The desired product
was prepared by following the procedure used for 8a after
substituting 7¢ in place of 7a. The reaction mixture also had to
be warmed for 2 h prior to workup to complete the reaction. The
workup varied slightly.in that for a 75-mmol scale of 7a the
reaction mixture was concentrated down to a final volume of 125
mL of THF, and this solution was treated directly with ethereal
HCI (50 mL). The resulting yellow solid was filtered to yield
5.63 g (25%) of 8c. ‘

N-[(4-Morpholinyl)(phenylimino)methyl]hep-
tanethioamide (8d). The desired product was prepared via the
procedure used for 8a after substituting 7d in place of 7a. The
workup varied in that the desired product was purified by silica
gel flash chromatographing the reaction mixture residue, eluting
with 1:2 acetone-hexane, to yield 8d as a yellow oil in 17% yield
which was used directly as the free .base for conversion to 9d.
TLC 1:1 EtOAc-hexane R; = 0.7.

2-Methyl-N-[(4-pyrrolidinyl)(phenylimino)methyl]-
propanethioamide Hydrochloride (8¢e). The desired product
was prepared by following the procedure used for 8a after
substituting 7e in place of 7a. The workup varied in that the
desired product was isolated by treating the reaction mixture
(83-mmol scale of 7e in 120 mL THF') with ethereal HC1 (20 mL),
then CH3CN (30 mL), and then an additional portion of Et;0
(225 mL) to yield 14.77 g (57%) of 8e as a yellow solid. TLC of
salt 8e 1:1 EtOAc-hexane R; = 0.7.
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N-[1-(methylthio)ethylidene]-N'-phenyl-4-morpholine-
carboximidamide (9a). Under Ar over 1 min 8a (17.94 g, 60
mmol) was added neat to a 0-°C mixture of hexane-washed NaH
(5.76 g of 50% oil dispersion, 120 mmol) in THF (140 mL). After
25 min the reaction mixture was warmed to room temperature
and stirred an additional 2 h. Methyliodide (3.72 mL, 60 mmol)
was then added neat to the reaction mixture. After being stirred
for 2 h the mixture was concentrated under reduced pressure
and partitioned between 156% NaOH and CH;Cl,. The organic
phase was rewashed with 15% NaOH and then brine, dried over
K,CO;s, filtered, and concentrated under reduced pressure to yield
14.26 g (86%) of 9a as a yellow oil which crystallized upon
standing. This material was used without further purification.
1H NMR (CDCls): 1.8 (s, 3H, CCHjy), 2.2 (s, 3H, SCHs3), 8.3-3.5
(m, 4H, NCH,CH,0), 3.6-3.8 (m, 4H, NCH,CH/0), 6.6-7.2 (m,
5H, Ar).

N-[1-(Methylthio)propylidene]-N-phenyl-4-morpholin-
ecarboximidamide (9b). The desired product was prepared
via the procedure for 9a after substituting 8b in place of 8a with
the exception that the product was not isolated but rather was
prepared in situ and used directly.

N-[2-Methyl-1-(methylthio)propylidene]-N-phenyl-4-mor-
pholinecarboximidamide (9c). The desired product was
prepared via the procedure for 9a after substituting 8¢ in place
of 8a with the exception that the product was not isolated but
rather was prepared in situ and used directly.

N-[1-(Methylthio)heptylidene]- N-phenyl-4-morpholin-
ecarboximidamide (9d). The desired product was prepared
via the procedure for 9a after substituting 8d in place of 8a with
the following exceptions. Only 1 equiv of NaH was used in the
reaction since 8d was a free base and the final product was not
isolated, but rather was prepared in situ and used directly.

N-[2-Methyl-1-(methylthio)propylidene]-N-phenyl-4-pyr-
rolidinecarboximidamide (9e). The desired product was
prepared by following the procedure for 9a after substituting 8e
in place of 8a with the exceptionthat the product was not isolated
but rather was prepared in situ and used directly.

N-[1-(Dimethylamino)ethylidene]-N-phenyl-4-morpho-
linecarboximidamide—(E)-2-Butenedioate (2:3) (6¢). Under
Ar at room temperature dimethylamine was bubbled into a
solution of 9a (2.77 g, 10 mmol) in THF (200 mL) for 15 min.
After 16 h the mixture was concentrated under reduced pressure
and then partitioned between CHCl; and 15% NaOH. The
organic phase was dried over K;COj3, filtered, and concentrated
under reduced pressure to yield 3.0 g of yellowish oil. This oil
was triturated in Et;O (10 mL) to give 1.8 g of white solid. This
white solid was dissolved in EtOH (10 mL) and combined with
fumaric acid (0.76 g, 6.6 mmol) which was dissolved in hot EtOH
(10 mL). The resulting solution was filtered through Dicalite
and cooled. The resulting solid was filtered and rinsed with a
small amount of EtOH and then Et;0. Upon addition of the
Et,0 to the filtrate, more solid precipitated from the solution.
This material was also filtered and rinsed with EtOH and Et,0.
The solid fractions were combined to yield 1.53 g (34 %) of 6¢ as
a white solid. 1TH NMR (DMSO-de): 4 1.8 (s, 3H, CCHjy), 2.8 (s,
6H, N(CHy),), 3.4-3.7 (bs, 8H, morpholinyl), 6.4 (s, 3H, CHCO;H),
6.8-7.3 (m, 5H, Ar), 10.8-11.2 (bs, 3H, CHCO,H).

N-(1-Piperidinylethylidene)-N-phenyl-4-morpholinecar-
boximidamide—(E)-2-Butenedioate (6e). Thedesired product
was prepared by following the procedure for 6¢ after substituting
piperidine (1 molar equiv to 9a) in place of dimethylamine. Also,
after the reaction mixture was stirred for 48 h at room temper-
ature, it was refluxed an additional 48 h prior to the standard
workup.

N-[1-(Dimethylamino)-2-methylpropylidene]-N-phenyl-
4-morpholinecarboximidamide (6f). The desired product was
prepared by following the procedure for 6¢, after substituting 9¢
in place of 9a with the exception that the reaction mixture was
warmed to. 68 °C for 5 days in a pressure bottle prior to the
standard workup.

N-[1-(Methylamino)ethylidene]-N-phenyl-4-morpholin-
ecarboximidamide—(E)-2-Butenedioate (2:3) (6g). The de-
sired product was prepared via the procedure for 6c after
substituting monomethylamine in place of dimethylamine. Also,
after the reaction mixture was stirred for 24 h a second portion
of monomethylamine was added tothe reaction mixture, and the
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reaction mixture was stirred an additional 24 h prior to the
standard workup.

N-[1-(Butylmethylamino)ethylidene]-N-phenyl-4-mor-
pholinecarboximidamide—(E)-2-Butenedioate—Ethanol (1:
1:1) (6i). The desired product was prepared by following the
procedure for 6¢ after substituting N-methyl-N-butylamine (10
molar equiv to 9a) in place of dimethylamine.

N-[1-[(1-Methylethyl)amino]ethylidene]- N-phenyl-4-mor-
pholinecarboximidamide (6j). Under Ar,9a (4.71g, 17.4mmol)
was combined with i-PrNH, (30 mL, 353 mmol), and this neat
reaction mixture was stirred at room temperature for 16 h and
then at 45 °C in a pressure bottle for 3 days prior to the standard
workup.

N-[2-Methyl-1-(methylamino)propylidene]-N-phenyl-4-
morpholinecarboximidamide (6m). The desired product was
prepared by following the procedure for 6¢ after substituting 9¢
in place of 9a and monomethylamine in place of dimethylamine.
Also, the reaction mixture was stirred for 5 days in a pressure
bottle prior to the standard workup.

N-[2-Methyl-1-[(1-methylethyl)amino]propylidene]-NV-
phenyl-4-morpholinecarboximidamide (6r). Under Ar, 9¢
(1.20 g, 3.93 mmol) was combined with i-PrNH, (100 mL, 1.17
mol), and this neat reaction was stirred at 62 °C in a pressure
bottle for 5 days prior to the standard workup. One slight
variation in the workup was that Et,O was used for extractions
in place of CH,Cl,.

N-(1-Morpholinylethylidene)-N-phenyl-4-morpholine-
carboximidamide-(E)-2-Butenedioate-Ethanol (3:3:1) (6s).
Under N,, 9a (1.40 g, 5 mmol) was combined with morpholine
(10 mL, 115 mmol) and THF (40 mL) at room temperature and
immediately warmed to 60 °C. After 5 days the reaction mixture
was treated by the standard workup.

N-[1-[(1,1-Dimethylethyl)amino]ethylidene]-N-phenyl-
4-morpholinecarboximidamide (6u). Under Ar, 9a (1.94 g,
7.0 mmol) was combined with ¢-BuNH; (100 mL, 0.95 mol), and
this neat reaction was stirred at 75 °C in a pressure bottle for 26
days prior to the standard workup.

N-Phenyl-N-[1-(phenylmethylamino)ethylidene]-4-mor-
pholinecarboximidamide (6v). Under Ar, 9a (1.51 g, 5.49
mmol) was combined with benzylamine (6 mL, 5§4.9 mmol), and
this neat reaction mixture was stirred at room temperature for
6days. Thereaction mixture wasthendissolved in CHCl;, washed
twice with 3 N HCl and once with 15% NaOH, dried over K;CO;,
filtered, and concentrated under reduced pressure. After pre-
paring a fumarate salt in a similar manner as 61, the sample was
free based and crystallized from hezane to give 0.33 g (18%) of
6v as a white solid.

N-[1-(4-Methyl-1-piperazinyl)ethylidene]- N-phenyl-4-
morpholinecarboximidamide Complex with 1,2-Benzisothi-
azol-3(2H)-one 1,1-Dioxide (6w). Under Ar, 9a (2.08 g, 7.5
mmol) was combined with N-methylpiperazine (16 mL, 150
mmol), and this neat reaction mixture was stirred at room
temperature for 5 days. The reaction mixture was then con-
centrated under reduced pressure, and salt formation pursued
directly.

N-Phenyl-N-[1-(n-propylamino)ethylidene]-4-morpholi-
necarboximidamide (6y). Under Ar, 9a (2.00 g, 7.22 mmol)
was combined with N-propylamine (20 mL, 243 mmol), and this
neatreaction mixture wasstirred at room temperature for 3 days.
The reaction mixture was then concentrated under reduced
pressure and crystallized directly.

N-[2-Methyl-1-(methylamino)propylidene]-N-phenyl-4-
pyrrolidinecarboximidamide (6z). The desired product was
prepared by following the procedure for 6¢ after substituting 9e
in place of 9a and monomethylamine in place of dimethylamine.
Also, the reaction mixture was stirred for 4 days prior to the
standard workup.

N-[1-(Ethylamino)ethylidene]- N-phenyl-4-morpholine-
carboximidamide—(E)-2-Butenedioate (6£f). The desired
product was prepared via the procedure for 6¢ after substituting
ethylamine in place of dimethylamine. Also,thereaction mixture
was stirred for 12 days prior to the standard workup.

N-[1-[(2-Ethoxy-2-oxoethyl)amino]ethylidene]-N-phen-
yl-4-morpholinecarboximidamide—(E)-2-Butenedioate (1:1)
(6gg). The desired product was prepared via the procedure for
6¢ after substituting glycine ethyl ester hydrochloride (1 molar
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equiv to 9a) in place of dimethylamine and stirring the reaction
mixture at reflux for 3 days prior to the standard workup.

N-[1-[(Methylsulfonyl)amino]ethylidene]-N-phenyl-4-
morpholinecarboximidamide (6jj). Under Ar, 9a (12.59 g,
45.45 mmol) was combined with methanesulfonamide (4.32 g,
45.45 mmol), and this neat reaction was warmed to 90 °C for 18
h. The reaction mixture was then cooled, dissolved in CHCl;,
and chromatographed directly.

Typical Procedure for Method C. N-(4-Fluorophenyl)-
N-[2-methyl-1-(methylamino)propylidene]-4-morpholine-
carboximidamide (6dd). Under N, at room temperature,
Me;O*BF,-(10.42 g, 70.4 mmol) and i-BuCN (7.3 mL, 80.6 mmol)
were combined in CH;Cl; (55 mL) and immediately warmed to
reflux. After 36 h the mixture was cooled to room temperature
and added over 15 min to a0 °Csolution of 5b* (14.28 g, 64 mmol)
in CHCl; (60 mL). The resulting mixture was stirred at 0 °C
an additional 5 min and then at room temperature for 5 h. The
resulting precipitate was then filtered and rinsed several times
with CH,Cl;. The combined filtrates were then cooled to 0 °C,
basified (pH > 9) with 3 N NaOH, dried over K;COs, filtered,
and concentrated under reduced pressure to give 18.09 g of a pale
yellow oil. This oil was treated with Et;0 and the resulting solid
filtered. The Et.O filtrate was concentrated under reduced
pressure to yield 6.15 g of a yellow oil. This oil was converted
to a crystalline solid by treating with a CH,Cly/hexane solution.
The resulting solid was recrystallized from CH,Cl;/hexane to
yield 2.13 g (11%) of 6dd as a white solid. 'H NMR (CDCls):
8 0.5-1.0 (bs, 6H, HC(CH3),), 2.3-2.6 (m, 1H, HC(CHjy),), 2.65~
2.8 (d, 3H, NHCHj), 3.3-3.6 (m, 4H, NCH,;CH,0), 3.6-3.8 (bd,
4H, NCH,CH,0), 4.2-4.6 (bs, 1H, HNCHj), 6.6-6.9 (m, 5H, Ar).

N-[1-(Ethylamino)-2-methylpropylidene]-N-phenyl-4-
morpholinecarboximidamide (6bb). The desired product was
prepared via the procedure for 6dd after substituting Meerwein’s
reagent in place of MesO*BF,- and i-PrCN in place of i-BuCN
with theimidate formation being run at room temperature rather
than at reflux. Also, the addition of reagents was reversed from
the standard conditions with solid 5a being added to the
preformed imidate solution to form the desired 6bb prior to the
standard workup.

Method D. N-Phenyl-N-[1-(phenylamino)ethylidene]-
4-morpholinecarboximidamide Complex with 1,2-Ben-
zisothiazol-3(2 H)-one 1,1-Dioxide (6p). Under Ar, free base
60 (9.75 g, 23.56 mmol), 10% Pd on C (1.95 g), concentrated HC1
(3 mL), and EtOH (150 mL) were combined in a Parr bottle
which was subsequently pressurized with H, (46 psi) for 48 h.
The reaction mixture was then filtered through Dicalite and
concentrated under reduced pressure. The residue was parti-
tioned between CH,Cl, and H;0. The organic phase was
separated, rewashed with 15% NaOH, dried over K;COs, filtered,
and concentrated under reduced pressure. The residue was
dissolved in EtOH (10 mL) and combined with a solution of
saccharin (1.83 g, 10 mmol) in EtOH (15 mL). The resulting
solid was filtered and rinsed with a small amount of EtOH and
Et;0 to yield 2.97 g (26%) of 6p as a white solid. 'H NMR
(DMSO-dg): 6 1.95 (s, 3H, CHjy), 8.6-3.9 (bs, 8H, morpholinyl),
6.9-7.7 (m, 14H, Ar), 10.0-10.2 (bs, 1H, CONHSO,).

Biological Testing: Rat Oral Glucose Tolerance Test.
The rat oral glucose tolerance test was used as the primary test
for hypoglycemic activity as described previously.”® Vehicle
(distilled H;O or 0.5% hydroxypropyl methyl cellulose) and test
compounds in vehicle were administered subcutaneously (0.5
mL) at 30 min prior to a standard oral glucose load (1.0 g/kg body
weight). Compounds were routinely tested at a dose of 10 mg/kg
body weight calculated as the free base. The most active
compounds were then tested at 10, 5, and 2.5 mg/kg, sc for dose~
response evaluation and calculation of EDsy. The mean glucose
values of the controls are compared statistically to the mean
values of the experimental groups at each corresponding time
point by the unpaired student’s ¢-test. If the compound lowered
blood glucose significantly at any time pointata95% confidence
limit, the compound was considered to have hypoglycemic
activity. The maximum percent lowering of blood glucose from
the corresponding mean values of the control group was deter-
mined for each rat in the experimental groups and used to
calculate the mean maximum percent lowering of glucose from
control. The EDy, (dose producing a 30% decrease from control)
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and the 95% confidence interval (CI) were determined from
regression analysis of the mean maximum percent decrease from
control versus log dose (mg/kg).
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