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benzene (100 ml) containing ethyenc glycol (10 ml) and tolucie-
p-sulfonic acid (fromn the hydrate, 0.067 g) (Dean-Stark ap-
paratus). The product was refluxed for 3.5 hr with aluminuin
isopropoxide (0.8 g) in toluene-cyclohexanone (50:10 ml), and
the resulting crude ketone was stirred for 2 hr in a stream of
acetylene with dimethylacetamide (50 ml) containing lithium
acetylide—ethylenediamine complex.? The mixture was added
to crushed ice and extraeted with ether. The product was stirred
for 1.5 hr under nitrogen in methanol-3 & HCl-water (50:3:2 ml)
and the solution was poured into brine and extracted with
ether.  Chromatography of the product on Florex and recry=tal-
lization from ethyl acetate-hexane gnve the gonenone (0.53 ),
mp 1R2-184° A 240 mu (e 16,500).

Anal. Caled for CollynO.: C, 8000 1, 9.3,
1, 9.1,

Found: ¢, 80.6;
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A few ciinoline derivatives were prepared for pharma-
cological testing by alkylation of 4- and 4’-hydroxy-3-
phenylcinnolines. These are listed in Table I, along
with ethyl derivatives for comparison of spectral
data.

Alkylation of 3-phenyl-4-cinnolinol (15) with methyl
iodide gave a mixture of the 1 and 2 isoniers (10 and 11)
1 about a 3:3 ratio, while diazomethane furnished only
the 1 derivative.? That these isoniers are quite distinct
from the 4-miethoxy isomer (12) is shown by the spectral
data and by the large depression of their mixture
nielting points.  Compound 10 was assigned as the 1
isonier on the following evidence: (a) the slightly higher
field absorption of its methyl protons in the nmr com-
pared to those of the other isomer has been observed
with other similar pairs of cinnoline isomers;® (b)
the infrared, ultraviolet, and mmr spectra of 10 show
great similarity (Table I) to those of the starting ma-
terial, 15, which has been assigned structure I,'" in
commion with other 4-hydroxyecinmolines;® (¢) one
would expeet the less sterically hindered product to
predoninate,® particularly with larger alkyl halides
(see below); (d) the isolation of only one isomer using
diazoinethane which should not isonierize 15 from strue-
ture I tends to confirni the assignment; (e) finally, the
pattern of aromatic protous in the nmir is interesting.

(1) (a) Paper I: H. 8. Lowrie, J. Mel. Chem., 9, 664 (1966); (b) paper
II: H.S. Lowrie, ibid., 9, 670 (1066).

(2) Spectral data on the crude reaction product indicated predominantly
the 1 isomer (I), but the presence of a small amount of the 2-isomer (II)
cannot be ruled out. Only in preparation of 10 and 11 with methyl iodide
was the 2 isomer actually isolated.

3) D. L Ames, R. T. Chapinan, aml D). White, J, Chem. Sov., 470 (1968),
andd references therein.
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The two 2'-protons on the 3-phenyl ring (whiclt i
probably coplanar) are deshielded and appear in
several of these compounds at about 475495 cps.*!
With the 8-proton (about 500-520 c¢ps), there are then
three protons from 475 to 520 ¢ps (and the remainder
between 400 and 475 ¢ps) for compomnds of structure
1in Table T.  However, 11, the 2 isomer, hias only one
protou in the 475-520-cps vegion.  "Fhix way be ex-
pluned by sterie interference of the 2-methyl, enusing
the phenyl ring to twist out of coplmarity and elini-
nating the deshielding of the 2'-protons.  'The sune
effect 15 also observed with the 1- and 2-oxides of 3-
phienyleinmoline, '’ the latter showimg only the 4-proton
below 480 e¢pr (the &-proton 1= shielded 11 thie 2 1<0-
ner!™y,

The products*? using other alky! halides were also
assigiied a5 1 isoners having very similar speetra to
those of 10, Lacking the other isonier i these eases,
the position of the «-CH, protons canuot he used for
evidence beeause ol the sunll difference 1o the two
1somers (5 eps for 10 and 11), but three aromatic pro-
fons i the 475-520-cps region were observed for these
dervatives,

Reactions of d-chloro-3-phenyleimoline  with  the
sodium salt of the correspouding alcohol furnished the
J-alkyloxy derivatives, 2 and 12, the former bemy
readily  hydrolyzed i acid, On distillation  these
rearranged to the l-alkyl-4-cinuolones,” 1 and 10,
To our knowledge this type of rearrangement lias ot
been noted before i the cnmoline series, but it is well
known for 4-ulkoxyquinolines.®

Alkylation of 14 gave the correspouding alkoxy
derivatives, 3, 7. and 9. whose structures were sub-
stantinted by the similarvity of their spectra with
those of 13 and 14.

Compound 7 showed about 295 the activity ol hy-
drochiforothiinzide as o diuretic in rats.  Compounds
4 aud 5 had ouly borderline activity against yeiast-
induced foot edema in the rat. The most mteresting
of the series, 3, was about four times as active orally as
phenylbutazone m this latter test, but toxie side reuac-
tions in the cotton pellet granuloma test disconrnged
further study.®

Experimental Section:

1-(2-Diethylaminoethyl)-3-phenyl-4-cinnolone (Table I, 1).
A. By Alkylation of 15.—A solution of 6.6 g of B3-phenyvi-4-
cinnolinol,'™® 3.3 g of KOH, and 7.0 g of 2-diethylaminocethyt

«4) When 1 was prepared by alkylaGou of 16 1¢ was assinmel ¢hat the Jow-
fielld absorption (2738 eps) f the @-Cl» (see 'alble D) imlicatel avtneluncnt u
oxveen rather thau nitrogen, In adidition, ibe possitvn af e 8-hydrxzen
at 500-510 vps secinetl o suppore 11T rather than I since (he 8-11 atoms iy
varivbus 3-phenyldihyvdrociunslives® are moved appreciably upfield. Recent
papers ou the structure and alkylation of ciunolines, saurmarized in vef 3,
forced tle reexamination reporred here, and the preparation of 2, Table 1.
and the metlyyl derivatives, 10-12, for coinparison. Tlhe structures assigznol
hy the anthor in U. 8. Patent 3,239,524 (1966) should be I, nat III.

(5 R. (. Ellerfield, ""Heteroeyelic Compounds,” Vol. I, Johin Wiley ansd
RBons, Inc., New York, 1032, pp 152-153.

(6) These tests are ilescribed in ref 1. The relative poiencies given refur
to the ratio of the weights of equally effective doses. We are inilelsted 11
Drs. F. J. Saunders, E. F. Nutting, and D. L. Cook, and Mr. R. 8. Javubs
and their staffs for these screening data.

(7) All melting points are corrected and were taken in a llershberg ay-
paratus. Microanalyses were performed by the Microunalytical Depart-
ment under Dr. R, T. Dillon. Infrared spectra were taken in chluroform
solution vn 1 Beekman IR-4, and the ultraviolet specira were (aken in
niethanol on a Beckman DIK-2. Numr, recorded on a Varian A-60, is given su
cycles per secoml {eps) of downfleld shift from tetramethylsilane us an iy-
ternal reference stapilanl in CDCy,
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TasrLe I
0]
o-
l i CeHls O(CH,),R
N/N | \+ CeHs
gN | = CGH5
- NN #N
(CHy)y (CHy+R N
I U I
~——Nmré——.
Bp (mm) Posi- A-
Strue- Crystn or —C, %—~ ~——H, $— ——=NVi— tion, parent
No. ture z R solvent® mp, °C Caled Found Caled Found Caled Found —~———Amax, mu ()P——— cps J, cps
14 I 2 N(C:Hs)» 200-230 74.74 74.39 7.21 6.91 13.07 13.26 264 (14,500), 312 (10,300), 273 ¢ 7
0.1 360 (13,000)
+ C4H:04° E 160-164 65.89 66.12 6.22 6.10 9.61 9.45
2d II11 2 N(C:Hs)2 74.74 74.36 7.21 7.11 13.07 13.35 248 (34,400), 288 (6100), 236 ¢ 6
330 (3500)
3/ IV 2 N(C:Hs)e SKB 67-68 74.74 74.91 7.21 7.39 13.07 13.11 264 (33,400), 295 (20,000) 247 ¢ 6
4@ 1 2 N(CHge HCI E-Ee  211-214 65.5% 65.77 6.11 6.25 12.74¢ 12.43 264 (12,900), 312 (10,000), 273 t* 7
361 (12,300)%
5 1 3  N(CHy» GiH«Q¢ E 190-191  65.23 65.17 5.95 6.05 .92 9.82 264 (13,500), 312 (10,700)** 273t 7
69 I 2 N NCH;, Ee 110-111 72.38 72.57 6.94 6.68 16.08 16.25 265 (14,300), 312 (11,200)* 275 ¢ 7
—
CHy
7/ v 2 N SKB 102-103 76.05 75.70 7.25 T7.46 12.10 12.02 265 (33,000), 297 (19.600) 248 ¢ 6
CH;
8t I 1 CO-H A 203-204 68.56 68.38 4.32 4.60 10.00 10.04 264 (13,700), 311 (10,400), 324 s/
358 (12.300) '
gd IV 1 CO:H E-W 230-232 68.56 68.77 4.32 4.46 10.00 9.93 265 (31,600), 296 (18,500) 288 s?
104 I 1 H SKB 107-108 76.25 76.50 5.12 4.92 11.86 11.97 264 (14,800), 312 (11,600), 243 s
360 (12,800)
11¢ II 1 H Ee 213-214 76.25 76.14 5.12 5.24 11.86 12.03 255 (8500), 356 (15,100), 248 s
371 (16,200)
12¢ III 1 sl SKB 106-108  76.25 76.29 5.12 5.10 11.86 11.90% 248 (39,000), 288 (6800), 225 s
332 (3500)
13 Iv 1 H 1 265 (31,600), 297 (18,800) 232s
149 v 0 H M-Bz 235-237 75.65 75.48 4.54 4.59 12.61 12.41 266 (29,500), 298 (18,700)
15 I 0 H m 262 (16,700), 310 (11,800),

352 (12,000)

¢ E, ethanol; SK, Skellysolve;!? A, acetone; W, water; M, methanol; Bz, benzene; Ee, ethyl ether. ? For principal peaks in the
220-400-my range, except the values followed by an asterisk which are in the 220-340-mu range. ¢ Apparent center of main peaks; s,
singlet, t, triplet, for the italic hydrogens in the side chain: CHy(CH,).1R. ¢ See Experimental Section. ¢ Maleic acid salt. 7/ Pre-
pared as 1 from the alkyl halide but using butanone as solvent. ¢ Prepared as 1 from the alkyl halide. * Data taken on the free base.?
i Prepared as 9. 7 Seeref 11. * Anal. Caled: OCH;, 13.13. Found: OCHj, 12.34. This low result, the same for several different
preparations, may reflect rearrangement during analysis to the 1-methyl derivative, 10, which gave: OCHj, 0.00. * See ref 1a. ™ See
ref 1b.

chloride in 400 ml of 2-propanol was stirred and refluxed for 2.5 with activated charcoal. After filtering, the solvent was evapo-
hr.  After cooling, the mixture was filtered, and the filtrate was rated and the residue was freed from solvent,? yielding the orange
evaporated ¢n vacuo. The residue was taken up in ether, washed oil described in Table I, 2. A portion of this material dissolved
with dilute KOH, and extracted with dilute HCl. This was made completely in dilute HCl, but a large amount of precipitate
alkaline and extracted with ether which was dried® and evapo- quickly formed; this white powder was filtered off and dried,
rated. The brown oil obtained was freed of solvents® for spectral mp 266-268°, undepressed by authentic'® 3-phenyl-4-cinnolinol.

analysis;? 5.8 g. On cooling a solution of 5.6 g of thit oil and 2.1 3-(4-Hydroxypheny!)cinnoline (Table I, 14).—A solution of
g of maleic acid in 40 ml of ethanol, 4.7 g of yellow prisms de- 20 g of 3-(4-methoxyphenyl)cinnolinels in 300 ml of 489, HBr
scribed in Table I were obtained. was refluxed for 2 hr, then diluted to 2 1., cooled, and filtered.

B. By Rearrangement of 2.—A portion of 2 (described below) The red crystals were dissolved in dilute KOH, the solution was
was distilled in a short-path tube at 0.1 mm with the jacket filtered, and the filtrate was acidified. The yellow powder was
heated at 200-230°. A portion of the yellow 0il? whose spectra filtered off, dried, and crystallized as shown in Table I.

were identical with those in A above, and whose analysis is given 4-(3-Cinnolinyl)phenoxyacetic Acid (Table I, 9).—A solution
in Table I, 1, was converted to the maleate salt, mp 160-164°, of 2.4 g of 3-(4-hydroxyphenyl)cinnoline, 2.4 g of chloroacetic
which proved identicali®s:11 with that in A above. acid, and 5.0 g of KOH in 15 ml of water was heated for 1 hr
4-(2-Diethylaminoethoxy )-3-phenylcinnoline (Table I, 2).— on a steam bath, then diluted to 50 ml, cooled, and saturated with
A 50% suspension of 2.6 g of sodium hydride in mineral oil was CQ..  The yellow powder was filtered off, and the filtrate was
added portionwise to 24 g of 2-diethylaminoethanol. When the acidified. The product, filtered off and dried, was crystallized
reaction had subsided, the solution was diluted with 500 ml of as shown in Table I.
dry benzene, and 12.0 g of 4-chloro-3-phenylcinnoline’® was 4-Methoxy-3-phenylcinnoline (Table I, 12).—A solution of 6.0
added. Thig mixture was stirred and refluxed for 5 hr, then g of 4-chloro-3-phenylecinnoline'® and 3.0 g of sodium methoxide
cooled, diluted with ether, and washed thoroughly with dilute in 400 ml of methanol was refluxed for 15 hr. The solvent was
NaOH. After drying® the solvent was evaporated, finally in evaporated and the residue, taken up in ether, was washed with
vacuo. The residue was taken up in Skellysolve A'* and stirred dilute NaOH. After drying,8 the solution was concentrated and
— diluted with Skellysolve B.1? The ether was boiled off, and the
(8) The organic layer was shaken with a saturated solution of NaCl, then solution was concentrated to 250 ml and cooled. The yellow

filtered slowly through anhydrous K:COs.
(9) The oil was heated for several hours at 60° (0.5 mm) on a rotary

needles, 5.0 g, mp 105-107°, which separated were recrystallized
as shown in Table I. A 1:1 mixture with 10 melted at about

evaporator, 1
. . . . . 80-90°, and with 11, at about 100-120°.
10 Mixt 1t t and infrared trum; (b) ultraviolet ) ) %
ané n;ia:pecgfa.ure melting point and infrared spectrum;  (b) ultravicle 1- (and 2-) Methyl-3-phenyl-4-cinnolone (Table I, 10 and 11).
(11) Infrared in KBr pellet;: nmr in dimethyl sulfoxide solution. A. Using Methyl Iodide.—A mixture of 7.8 g of 3-phenyl-4-

(12) Petroleum ether fraction: A, bp 28~38°; B, bp 60~71°. cinnolinol, ™ 6.0 g of KOH, and 14 g of methy! iodide i1 400 m] of
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methanol was stirred and refluxed for 8 hr, then worked up us in
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 corubined and
recrystallized from ether and then as shown for 10 in Table 1.
Elution with 109, ethyl acetate—benzene gave n second peak con-
taining 3.0 g of yellow prisms which were reerystallized 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-cinnolinolt®
dissolved in 70 ml of dimethyl sulfoxide. The =olution stood
for 2 hr and then was concentrated by boiling to 100 ml. It wax
cooled, decomposed with a small amount of dilute HCl, 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 yellow flakes, mp 105-108°,
separated, which when recrystallized from Skellyxolve 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, aud diluted with Skellysolve 3.2 Atter the ether
was boiled off, the solution was stirred with activated charconl,
filtered, and concentrated. On cooling, white needles separated;
0.32 g, mp 107-108°, identical'® with 10.

The alkaline extract above furnished on acidification 0.12 g of
n white powder, mp 267-269°, identical® with 3-phenvl-4-
cinnolinol.'™®

Structure~-Hypoglycemic Activity Relationships
in 1-Naphthylalkylamines

GIANFRANCO PaLna, Siovano Casavro, TiBeERIo BRUZZESE, AND
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Research Laboratories of Istituto De Angeli S.p.A., Milan, Laly
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In previous papers we reported hypoglyceniic screei-
ing results of miany 1-naphthylalkylamines. The
comipounds possessed the general structure 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; »
= 2 or 3. During this investigation the most potent
compoutnds 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 pharnacological and toxicological investi-
gation.

« position
R

| .
R—-C~(CH2),LN<: |

Some conelusions 1may be drawu about relationships
between hypoglycemic action and the structure of the
above compounds: and of the substances prepared in
the present work.,  Pirst, the activity is mainly im-

1

(11 (a) G. Pala, 1. Uruzzese, 1i, Marazzi-Uberti, and G. Coppi, J. Med:
Chem., 9, 603 (1966); (b) 8. Casailio, 1. Druzzese, G. Pala, G. Coppi, anl
!, 'Turba, ihid., 9, 707 (19661,
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parted to the compounds by the presence in the « posi-
tion of an aminoalkyl group of the type shown in 1.
Maxunuim poteney is reached for » = 3; in fact, cow-
poutlds carrying aminoethyl or aminobutyl chiains have
heen found to be somewhat less active.  Another im-
portant point i1z that I-naphthyl derivatives are, on the
whole, more interesting than the corresponding di-
plienyl, phienyl, and aliphatic compounds, whose activity
deereases in this order.  Asfor the radical R, the highest
potency 1s muparted by an isopropyl or aminopropyl
group while i1 the case of R optimal activity is showu,
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 nabove considerations.

(IJ02H
b {isopropyl
PNCCCC \(aminopropyl
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Experimental Section?

Chemistry. -'The compounds are listed in Table I, along with
vields, physical constants, and analvtical data. In the majority
of cases the svnthesis procedures followed the general methods
we previously described. ?

«,a-Diisopropyl-a-(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(NO;);-9H:0 (0.52 g). o,-
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
Ice—acetone. The ammonia was allowed to evaporate and the
residue was cautiously decomposed with water. The ethereal
lnyer was extracted with 106, HCI, the acid solution was made
alkaline with 3097 NaOH, and the oil was separated and extracted
with ether and dried (Na.SQ4). After removal of the solvent,
the residue was distilled at 142-143° (15 mm), giving a coloriess
oil,

a,a~Diisopropyl-a~(3-dimethylaminopropyl)acetamide (II).-

1 (42 g, 0.2 mole) was hydrolyzed by heating with 859 HaS0,
(126 mi) for 36 hr at 90-95°. The crude product was crystal-
lized from petroleum ether (bp 40-70°) giving colorless erystalx,
mp 85-86°.

a,a-Diisopropyl-a-( 3-dimethylaminopropyl)acetic Acid Hydro-
chloride (ITI).—Anhvdrous HCl was bubbled for 1.5 hr through «
cooled solution of I1 (22.8 g, 0.1 mole) in glacial acetic acid (114
ml). 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

manuer, aud 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-a-(3-dimethylaminopropyl)phenylacetonitrile (V).
--Alkylation of IV (60.7 g, 0.3 mole) with 2-bromopropane
(73.8 g, 0.6 mole), carried vut 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-a-( 3-dimethylaminopropyl)phenylacetamide

(VI).—Hydrolysis of V (48.9 g, 0.2 mole) by heating with 80¢,

(2) Boiling points ace uncorrecteld.  Melting poines are eorrerted aned
were taken g Biwel capillary melting punt apparatus,

13 G. DPala, S Casailio, T, Bruzzese, I, Crescenzi, sud 1. Marazzi
Ubertd, J. Med. Chew., 8, (98 (196:7).

11 M. 8 Newman, 1% Fokunaga, aml 1% Mswa, J. A»e. Chem. Sov., 82,
873 (1Y60).



