786 NorEs

methanol was stirred and refluxed for 3 hr, then worked up as i
the previous example. The ether solution was evaporated and
the residue, 8.1 g of oily crystals, was dissolved in benzene and
chromatographed on alumina. Elution with benzene furnished
4.9 g of white needles in the first peak, which were combined and
recrystallized from ether and then as shown for 10 in Table 1.
Elution with 109, ethyl acetate-benzene gave u second peak cou-
taining 3.0 g of yellow prisms which were recrystallized ax shown
for 11, Table I.

B. Using Diazomethane.—A large excess of diazomethane in
125 ml of ether was added to 4.0 g of 3-phenyl-4-cinnolinol®®
dissolved in 70 ml of dimethy! sulfoxide. The =olution stood
for 2 hr and then was concentrated by boiling to 100 ml. It was
cooled, decomposed with a small amount of dilute HCI, then
made alkaline and extracted with ether. The ether extracts
were washed well with water, dried,® and concentrated to 50
ml. On cooling 2.2 g of light vellow flakes, mp 105-108°,
separated, which when recrystallized from Skellysolve B furnished
white needles, mp 107-108°, identical®® with 10.

C. By Rearrangement of 4-Methoxy-3-phenylcinnoline. -
A 1.3-g. portion of 12 was melted and heated slowly to 160° for
0.5 hr under nitrogen, then sublimed at 200° (0.1 mm). The
oily solid was taken up in ether (a fair amount of tar remained)
and extracted with dilute NaOH, then the ether was dried®
concentrated, and diluted with Skellysolve B.1z2  After the ether
was boiled off, the solution was stirred with activated charcoal,
filtered, and concentrated. On cooling, white needlex separated:
0.32 g, mp 107-108°, identical!® with 10.

The alkaline extract above furnished on acidification 0.12 g of
a white powder, mp 267-269°, identical® with 3-phenyl-4-
cinnolinol. b
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In previous papers we reported hypoglycemic screen-
ing results of many l-naphthylalkylamines.! The
compounds possessed the general strueture 1, in which
R was a hydrogen atom, or an alkyl or aminoalkyl
group; R’ was a cyano, substituted or unsubstituted
carbamyl, free or esterified carboxy, carbureido, keti-
mido, or keto group; NAA was a tertiary amino group; n
= 2 or 3. During this investigation the most potent
compounds were found to be a-isopropyl-a-(3-dimethyl-
aminopropyl)- and «,e-di(3-dimethylaminopropyl)-1-
naphthylacetic acids,?” which are now undergoing a
more detailed pharmacological and toxicological investi-
gation.
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Some conelusions may be drawn about relationships
between hypoglycemic action and the structure of the
above compounds and of the substances prepared in
the present work.  First, the activity is mainly im-

1

(1) (a) G. Pala, T. Bruzzese, 1., Marazzi-Uberti, and G. Coppi, J. Med-
Chem., 9, 603 (1966); (b) §. Casadio, T. Bruzzese, G. Pala, G. Coppi, and
. Turba, thid., 9, 707 (1966).
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parted to the compounds by the presence in the « posi-
tion of an aminoalkyl group of the type =hown in 1.
Maximum poteney is reached forn = 3; in fact, com-
pounds earryving aminoethyl or aminobutyl chains have
been found to be somewhat less active.  Another im-
portant point is that I-naphthyl derivatives are, on the
whole, more mteresting than the corresponding di-
phenyl, phenyl, and aliphatic compounds, whose activity
decreases in thisorder.  Asfor the radieal R, the highest
potency is mparted by an isopropyl or aminopropyl
group while in the case of R optimal activity is shown,
on the whole, by the acids, for both the T-naphthyl and
the other series,

The tentative conclusion that, in the series investi-
gated, the skeleton 2 represents the best structure for
high-potency hypoglycemic compounds may be drawn
from the above considerations.
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Experimental Section?

Chemistry. —The compounds are listed in Table I, along with
vields, physical constants, and analytical data. In the majority
of cases the synthesis procedures followed the general methods
we previously described.t?

a,a=Diisopropyl-«-(3-dimethylaminopropyl)acetonitrile (I).
Sodamide was prepared by adding sodium (18.4 g, 0.8 g-atom)
to anhydrous liquid ammonia (360 ml), in small portions and
with stirring, in the presence of Fe(NO3);-9H20 (0.52 g).  a,a-
Diisopropylacetonitrilet (50.1 g, 0.4 mole) was then cautiously
added, followed by 3-(N,N-dimethylamino)-1-chloropropane
(97.3 g, 0.8 mole) in ethereal solution (400 ml). The mixture
was stirred for 30 hr using a reflux condenser cooled with Dry
Tce-acetone. The ammonia was allowed to evaporate and the
residue was cautiously decomposed with water, The ethereal
layer was extracted with 109, HCI, the acid solution was made
alkaline with 30¢7 NaOH, and the oil was separated and extracted
with ether and dried (Na.SQ,). After removal of the solvent,
the residue was distilled at 142-143° (15 mm), giving a colorless
oil.

a,a~Diisopropyl-o-(3-dimethylaminopropyl)acetamide (1I).-

I (42 g, 0.2 mole) was hydrolyzed by heating with 8597 HaS0,
(126 ml) for 36 hr at 90-95°. The crude product was crystal-
lized from petroleum ether (bp 40-70°) giving colorless erystals,
mp 85-86°.

a,a=Diisopropyl-a~( 3-dimethylaminopropyl)acetic Acid Hydro-
chloride (III).—Anhydrous HCI was bubbled for 1.5 hr through u
cooled solution of II (22.8 g, 0.1 mole) in glacial acetic acid (114
mi). Freshly distilled isoamyl nitrite (28.5 ml) was then added
over 2 hr, with stirring, and the mixture was maintained for an
additional 2 hr at room temperature and then at 100° for 15 hr.
The resulting solution was treated twice more in the same
manner, and then the solvent was removed at 50° under reduced
pressure. The residue was triturated with ether and crystallized
from acetone-ethanol to give colorless crystals, mp 212-213°.

a-Isopropyl-c-(3-dimethylaminopropyl)phenylacetonitrile (V).
--Alkylation of IV (60.7 g, 0.3 mole) with 2-bromopropane
(73.8 g, 0.6 mole), carried out by refluxing for 18 hr in benzene
(600 ml) and in the presence of sodamide (23.4 g, 0.6 mole),
gave a colorless oil, bp 115-117° (0.5 mm).

a-Isopropyl-«-( 3-dimethylaminopropyl)phenylacetamide
(VI).—Hydrolysis of V (48.9 g, 0.2 mole) by heating with 90¢,,

(2) Boiling points are uncorrected. Melting points are corrected and
were taken on a Buchi capillary melting point apparatus,

4y G. Pala, 8. Casadio, T. Bruzzese, 5. Crescenzi, and I, Marazz:
Uberti, J. Med. Chem., 8, H98 (1965).

1) M. & Newman, T\ Fokunaga, and T. Miwa, J. Am. Chem. Soc., B2,
874 (1960).
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TasLe 1
Yield, Bp (mm) Caled, % Found, %—————
Compd %% or mp, °C Formula C H N (o] H N

a,a-Diisopropyl-a-(3-dimethyl- 870 142-143 (15)  CyHuNe 74.22 12.46 13.32  73.75 12.42 13.51
aminopropyl)acetonitrile (I)

a,a-Diisopropyl-a-(3-dimethyl- 68? 85-86 CisHxN,0 68.37 12.36 12,27 67.91 12.24 12,28
aminopropyl)acetamide (II)

a,a-Diisopropyl-a-(3-dimethyl- 90*  212-213¢ CiHasNO.-HCI 58.73 10.62 5.27 58.82 10.58 5.29
aminopropyl)acetic acid (IIT)

a-(3-Dimethylaminopropyl )phenyl- 78+ 128-130(0.6) CisH;sN, 77.18 8.97 13.85 76.68 9.15 13.82
acetonitrile? (IV)

a-Isopropyl-a-(3-dimethylamino- 81 115-117(0.5) CiHuN, 78.63 9.90 11.46 79.30 10.04 11.36
propyl)phenylacetonitrile (V)

a-Isopropyl-e-~(3-dimethylamino- 830 81-82 CieH26N0 73.24  9.99 10.68 72.67 9.98 10.72
propyl)phenylacetamide (VI)

a-Isopropyl-a-(3-dimethylamino- 94h  221-222¢ CisHasNO:-HCL 64.09 8.74 4.67 63.79 8.75 4.74
propyl)phenylacetic acid (VII)

a-(3-Dimethylaminopropyl)di- 85¢  153-155(0.5) C;sHxnN, 81.97 7.97 10.06 81.77 9.01 10.05
phenylacetonitriles (VIII) 71-72

a-(3-Dimethylaminopropyl)di- 56  176-177¢ CisHuNO,-HoS0,  57.71  6.37  3.54 57.88 6.23 3.53
phenylacetic acid/ (IX)

a-(4-Dimethylaminobutyl)-1- 62¢ 170-172 (0.5) CigHxN, 81.16 8.33 10.52 81.67 8.49 10.69
naphthylacetonitrile (X)

a-Isopropyl-a-(4-dimethylamino- 79¢  161-163 (0.2) CyuHxN, 81.77 9.15 9.08 82,16 9.16 9.03
butyl)-1-naphthylacetonitrile (XI)

a-Isopropyl-a-(4-dimethylamino- 78 197-200(0.3) CyuHgN,O 77.25  9.26 8.38 76.67 9.21 8.59
butyl)-1-naphthylacetamide (XII) 97-98

a-Isopropyl-a-(4-dimethylamino- 86°  239-240° CyHeeNO,-HCI 69.31 8.31 3.85 68.59 8.16 3.80
butyl)-1-naphthylacetic acid
(XIII)

¢ Once distilled. ? Crude product. ¢ Hydrochloride.
(1961)] reported bp 108-109° (0.5 mm), yield 829%.

4 F. F. Blicke, A. J. Zambito, and R. E. Stenseth [J. Org. Chem., 26, 1826
¢ Lit.¢ mp 66-68°, yield 879.

/ Reported as the free base, mp 211-215°

dec, yield 549, by C. D. Lunsford, A. D. Cale, Jr., J. W, Ward, B. V. Franko, and H. Jenkins [J. Med. Chem., 7, 302 (1964)]. ¢ Hy-

drogen sulfate. Anal. Caled: S, 8.09. Found: 8, 8.07.

H2804 (98 ml) at 90-95° for 6 hr, yielded a solid which on crystal-
lization from petroleum ether (bp 40-70°) gave colorless crystals,
mp 81-82°.

a-Isopropyl-a-(3-dimethylaminopropyl)phenylacetic Acid Hy-
drochloride (VII).—A solution of VI (26.2 g, 0.1 mole) in
glacial acetic acid (131 ml) was treated with anhydrous HCI
bubbled through for 1.5 hr. Isoamyl nitrite (32.7 ml) was then
added over 2 hr and the mixture was maintained at room tem-
perature for additional 2 hr and then at 100° for 15 hr. The
above procedure was repeated once again to give a colorless
product, melting at 221-222° after crystallization from 2-
propanol.

Di-5-cyano-5-(1-naphthyl)amylformal.——Alkylation of 1-
naphthylacetonitrile (167.2 g, 1 mole) with di-4-chlorobutyl-
formal® (75.5 g, 0.33 mole), carried out by refluxing for 2 hr
in toluene (1 1.) and in the presence of sodamide (39 g, 1 mole),
gave a viscous brown oil which showed some degree of decom-
position on distilling. This product was then heated to 180°
(0.4 mm) to remove a certain amount of unreacted material
and utilized as such, without further purification (151 g, 939,
yield).

a=(4-Hydroxybutyl)-1-naphthylacetonitrile.—The above
formal (98 g, 0.2 mole) was hydrolyzed with ethanol (115 ml),
water (345 ml), and concentrated HCI (350 ml), heating at 85°
for 20 hr with stirring. After cooling and diluting with water,
the oil was extracted with ether and submitted to fractional
distillation, giving an oily product (61.2 g, 649, yield), bp
203-207° (0.35 mm).
Anal. Caled for CHi:NO: C, 80.30; H, 7.16; N, 5.85.
Found: C, 80.63; H,7.18; N, 5.82.
a~(4-Chlorobutyl)-1-naphthylacetonitrile.—Thiony! chloride
(35.7 g, 0.3 mole) was added dropwise to a mixture of the above
carbinol (47.8 g, 0.2 mole) and N,N-dimethylaniline (60.6 g,
0.5 mole), under stirring and cooling to 15°. The mixture was
heated at 80° for 4 hr and afterwards poured into ice-water,
acidified, and extracted with ether. Distillation at 180-183°
(0.2 mm) gave a colorless oil (41.2 g, 809 yield).
Anal.  Caled for CiHisCIN: C, 74.55; H, 6.26; Cl, 13.76;
N, 5.43. Found: C,75.01; H, 6.30; Cl, 13.46; N, 5.48.

(5) R. M. Anker and A, H. Cook, J. Chem. Soc., 806 (1948).

Tasre II
PusrmacoLoGicaL Dara
Approx Hypoglycemic
LDso activity (rat)
(mouse), Blood sugar
Compd mg/kg ip decrease, %%
1 140-160 15
1I 290-~320 Inactive
111 580-630 Inactive
v 140-160 14
vV 285-320 25
VI 280-310 14
VII 1150-1270 21
VIII 145-160 25
IX 290-315 27
X 145-165 Inactive
XI 75-85 19
XII 150-170 i4
X111 570-605 13
Chlorpropamide 37

@ Tested orally at 50 mg/kg.

a=-(4-Dimethylaminobutyl)-1-naphthylacetonitrile (X).—The
above chlorobutyl compound (51.5 g, 0.2 mole) was heated
with dimethylamine (27 g, 0.6 mole) in dioxane (120 ml), in a
sealed tube at 100° for 26 hr. The mixture was diluted with
water, acidified with 109, HCIl, washed with ether, and made
alkaline with excess K;CO; Extraction with ether followed
by distillation gave a colorless oil, bp 170-172° (0.5 mm).
a-Isopropyl-a-(4-dimethylaminobutyl)-1-naphthylacetonitrile
(XI).—Alkylation of X (53.3 g, 0.2 mole) with 2-bromopropane
(32 g, 0.26 mole), carried out by refluxing for 8 hr in benzene (500
ml) and in the presence of sodamide (10.1 g, 0.26 mole), gave a
viscous oil, bp 161-163° (0.2 mm).
a-Isopropyl-«-(4-dimethylaminobutyl)-1-naphthylacetamide
(XH).—Hydrolysis of XI (30.8 g, 0.1 mole), catrried out by re-
fluxing for 288 hr with 1:1:1 mixture (120 ml) of concentrated
H,80,—glacial acetic acid-water gave a glassy product, bp 197~
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200° (0.3 mm). Colorless crystals, mp 97-98°, were obtained
on erystallizing from ligroin (bp 75-120°).

analyt-

1

«a-Isopropyl-a-(4-dimethylaminobutyl)-1-naphthylacetic Acid =

Hydrochloride (XIII).—XII (32.6 g, 0.1 mole) was treated with o
isoamyl nitrite (40.7 ml) in glacial acetic acid (163 ml) and in -
the presence of anhydrous HCI, as deseribed for I11. A coloviess _ L e G aBEa N T
product, mp 239-240°, was obtained on crystallization from S s e A ::] of o o 2
ethanol-ligroin (bp 75-120°). : - T oTa T
Pharmacology.—The acute toxicity and hypoglycemic netivity z
were investigated by the techniques previously described;®s SounrHEs =

chlorpropamide was used as standard. The data are listed in = LT T T T = 2

. I Bhe e B ECNOE IRt 3=
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Although many nitrofurans show en vitro and in ctro 2 =

activity against Trichomonas species, only 3-[(3-nitro- z < ==z < =2

furfurylidene)amino |-2-oxazolidone (I) has undergone Z Z zeelizrzasLsz N
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extensive clinical trials.”®  2-(5-Nitro-2-furyl)benzim- = : ChZz=Th4z~ &
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evaluation of a synthetic method,* was shown to have TR LLLoLrLoouLoe ooF

activity against 7. foetus in the mouse of an order suf- = % .2
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ficient to warrant investigation of related compounds.* N

The parent compound ITa had a short duration of ac- - 2 =L

tivity in the mouse, probably because of rapid metab- = : gz

. . . . . o i el -

olism. It seemed unlikely that the benzimidazole ring N = = = > £

was involved directly in the activity® but rather that it B = = = = g &

served to transport the nitrofuryl residue, which is well % -5 E = SRR

known to exhibit a wide range of antimicrobial ac- el RS-k E R SR oRs" E = E
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