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pended solid gradually dissolved as the addition progressed. 
If a clear solution was not attained, an additional 5 ml of AcOTI 
was added to the reaction mixture. After about 20 miii- 1 hr the 
color of the reaction mixture gradually faded and the reaction 
mixture was stirred for a total of 2 hr. To the solution was then 
added, with ice-cooling, 80 ml of saturated aqueous AeOXa and 
1G0 ml of Hut). The mixture was stirred for 10 15 min and 
allowed to stand for an equal time at 0°. The solid which formed 
was collected by either filtration or decantation and then was 
treated by stirring with a mixture of 150 ml of FLO and 120 ml 
of EtjO. The resulting mixture was allowed to settle for several 
hours ('which facilitates the rate of filtration) and the white 
solid was collected (in some cases when a gel formation is noted, 
addition of saline water can usually ease the filtration difficulties). 
It was then washed successively with two 30-ml portions of H-..0 
(or dilute saline water), Et 2 0, and petroleum ether, ami dried al 
1 10° over KOH in vacuo. The products obtained were usually 

Continuing our investigation on the pharmacological 
properties of a-naphthylalkylamines,1 we have prepared 
for pharmacological screening 25 compounds of the 
general structure I in which R was H, or alkyl, or 
aminoalkvl, and XAA was a tertiary amino group 
(11 = 2 or 3 ) . 

A- . 
KCH(CH.)„>/ 

1 

Decyanation of the corresponding nitriles2 by NaNH2 

in boiling xylene afforded a-naphthylalkylamines in 
which R was not H. As this procedure failed with 
monosubstituted a-naphthylacetonitriles, a-naphthyl
alkylamines with R = H were prepared by reduction 
with LAH in THF of tertiary 3-(a-naphthyl)propion-
amides. 

Pharmacological screening included studies of acute 
toxicity, behavioral effects, and spontaneous motility, 
and analgetic, local anesthetic, antispasmodic, anti-
histaminic, antiinflammatory, hypotensive, coronary 
vasodilator, antiarrhythmic, antibacterial, and anti
fungal actions. 

(1) S. Casad io . T . Bruzzese. (J. Pala , G. Copi ' i . and <.'. T u r b a . ./. iltd. 
Chen., 9, "07 ( l y « 0 ) . 

(2) S. Oasadio , G. Pala , E. Crescenzi . T . Bruzzese, K. M a r a z z i - U b t a t i, 
and G. (.'uppi, ibid.. 8, 580 (dim.)). 
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of analytical purity. When necessary, these compoiuuls can lie 
purified by reervstallixation from either FtOH 11,0 or DM1' 
H2<>. 

For the 11'ilylal ion .if the <> analogs of cysteine., it »'.i' tound 
1 hat the optimum react ion conditions were -1 hr at room letnpcra-
ture. Higher reaction temperatures (<.(/., 50-00° j and or longer 
reaction times < .ij.. 24 hr) gave lower yields. 
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Experimental Section' 

The intermediate tertiary amides were prepared by treating 
3-(a-naphthyl)propionyl chloride with the proper amines accord
ing to the following procedure. 

A,iV-Dimethyl-3-(a-naphthyl)propionamide.—Me*Nil (,21.0 g, 
0.4S mol) in anhyd Cello (150 ml) was added with cooling to a 
solution of 3-( a-naphthyl)propionyl chloride (43.6 g, 0.2 mol) in 
anhyd C6He ("L50 ml). After addition, the solution was allowed 
lo stand at room temperature for 2 hr, rerluxed for an additional 
2 hr, cooled to room temperature, washed with I120, and dried 
i NaoSO-i)- The solvent was evaporated and the residue was 
distilled at 157-160° (0.2 mm) to give a colorless oil (.31.4 g. 
lit)',',). Anal. ( ( V J I . T X O ) C, II, N. 

The following amides were similarly obtained: V,A -diethyI-3-
( «-naphthyl)propionamide, 7!) f,, bp 150-152° (0.1 mm), Aval. 
(CnH,,NO) C. H, N: .V-methyl-A'-ethyl-3-(a-naphthyl)propion-
amide, 6 3 ' , , bp 155-15S0 (0.2 mm), Anal. ( C J I P J X O . ) C, II, N; 
.Y-methyl-A*-benzyl-3-(a-naphthyl)propionamide, 7 5 ' , , bp I'M) 
102° (0.1 mm), Anal. (C2iH,,NO) C, H, N; .Y-|3-(a-naphthyI)-
propionyllpiperidine, 7 2 r

f , bp 194-196° (0.25 mm), A mil. 
(Ci»H2iNO) C, II, X; .\-[3-(a-naphthyl)propionyllmorpholine, 
7 3 r ; , bp 189-192° (0.3 mm), Anal. (CnHnA'Cb) C. II, X. 

a-Naphthylalkylamines are listed in Table I, and their prepara
tion is illustrated by the following methods. 

Method A. l-Dimethylamino-3-(a-naphthyl)propane-HCl(lj. 
--A solution of .V,.V-dimethyl-3-(a-naphthyl)propionamide (29.2 
g, 0.12S mol) in T H F (1st) ml) was dropped into a stirred suspen
sion of LAH (6.3 g, 0.166 mol) in T H F (400 ml). The mixture 
was refiuxed for 1.2 hr with stirring, cooled to room temperature, 
and then Et2() (200 ml) was added. The reaction mixture was 
cautiously decomposed with H2() and NaOH, and the organic 
layer was separated, washed with H20, and evaporated to com
plete removal of T H F . The residue was taken up in EU>() and 
IICI was bubbled into to yield a solid which, on recrystallizatioii 
from i'-PvOH, gave colorless crystals, mp 159-100°. 

i,:l) Boiling po in ts an- uneorn.cM.ed. Mel t ing points arc corrected and 
'.u!iT t a k e n on a Biirhi capil lary ineUinir point, a p p a r a t u s . 
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Twenty-five a-naphthylalkylamines were prepared for extensive pharmacological screening. Some of the 
compounds revealed marked antiarrhythmic activity, and of these 1,5-dimorpholino-3-(a-naphthyl)peiitane 
(24) was found to be the most promising and comparable with qtiinidiue. None of the other actions investigated 
revealed anything of particular interest. 
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TABLI; I 

a-NAPHTHYLALKYLAMINES 

RCH(CH2)„N 
/ 
I 
\ 

A' 

Compd 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
« Distilled 

R 

H 
CH3 

C2H3 

i-C3H, 
sec-CiHi) 

(CH3),N(CH2)2 

H 
J ' -C 3H 7 

H 
t -G jH, 

H 
2-C3H, 
H 
CH3 

C2H0 

i-C3H-
SCC-C4H0 
c 
H 
CH3 

C2H5 

/-C3H7 

Sec-CjHg 

d 

;-C3H, 

or crystallized produc 

/ \ 
1 N(CH»)„ 

\ / "VA 

(CH3)2N(CH2)2 

(CH3)2N(CH2)2 

(CH3)2X(CH2)2 

(CH3)2N(CH2)2 

(CH3)2X(CH2)2 

(CH3)2N(CH2)2 

CH3(C2H,)N(CH2)2 

CH3(C2H ;,)N(CH2)2 

(C2H5)2N(CH2)2 

(C2H3)2N(CH2)2 

CH3(C6H5CH2)N(CH2)2 

CH3(C6H5CH2)N(CH2)2 

c 
c 
c 
c 
c 
c 
d 
d 
d 
d 
d 
d 

(CHaWSKCHOa 

. h All compounds were 

Method 

A 
B 
B 
B 
B 
B 
A 
B 
A 
B 
C 
B 
A 
B 
B 
B 
B 
B 
A 
B 
B 
B 
B 
B 

B 

analyzed for 

Yield, 

%" 
78 
30 
76 
59 
63 
59 
64 
71 
75 
64 
67 
42 
86 
49 
53 
43 
55 
70 
83 
34 
45 
67 
63 
82 

68 

C, H, 

I3p (mm) or mp, °C 

159-160 
105-107 (0.2) 
115-118 (0.25) 
105-106 (0.12) 
112-115 (0.15) 
130-135 (0.1) 
136-138 
135-136 (0.4) 
123-125 
120-122 (0.2) 
153-155 (0.1) 
170-172 (0.15) 
222-223 
125-128 (0.1) 
143-145 (0.2) 
140-143 (0.15) 
150-152 (0.2) 
180-182 (0.2) 
175-176 
148-150 (0.2) 
149-152 (0.2) 
145-148 (0.1) 
147-149 (0.1) 
210-212 (0.15) 
157-159 
122-125 (0.15) 

N and the analytical results 

Formula'' 

C13H19N-HC1 
C16H21N 
C„H23N 
C18HKN 
C I 9 H 2 T N 

CiaH2sN2 

Ci6H21N-HCl 
C19H27N 

CnH23N • HC1 
C2oH2SiN 

C 2 iH 2 3 N 

C'24H2^N 

C18H23N-HC1 
C19H25N 
C2„H,,N 
C21H21)N 
C22H3iN 
C2oH:)6X2 

C„H2 1NO-HCl 
C18H2SNO 
CI9H25XO 
C20H2,NO 
C21H29XO 

Co3H32^202 

C23H32N202-2HC1 
C19H2,N 

were within ± 0 . 4 % of 
the theoretical values. f 2-Piperidinoethyl. d 2-Morpholinoethyl. 

Method B. l,5-Dimorpholino-3-(a-naphthyl)pentane (24).— 
Finely powdered XaNH 2 (31.2 g, 0.8 mol) was added portionwise 
to a vigorously stirred solution of a,a-bis(2-morpholinoethyl)-l-
naphthylacetonitrile (78.7 g, 0.2 mol) in dry xylene (600 ml). 
The mixture was remixed for 30 hr with stirring and cooled to room 
temperature, and then H 2 0 was cautiously added. The organic 
layer was separated, washed with H 20, and dried (Na2S04). 
The solvent was removed and the residue was distilled to give a 
viscous and colorless oil, bp 210-212° (0.15 mm). 

Method C.—The same as method A, except that the product 
was isolated as the base instead of the hvdrochloride. 

Results and Discussion 

The most interesting results of the pharmacological 
screening are recorded in Table II. The methods used 
are referred to in the footnotes to the table. In addi
tion, all the compounds were examined for CNS 
activity,4 and some of them (1, 5, 13, 17, 19) for anti
bacterial and antifungal actions.5 

Most of the substances induced behavioral excite
ment, but 6, 17, 22, and 24 exerted instead a general 
CNS-depressant action. Some of the compounds in
hibited the spontaneous motility, their activity being 
quite similar to that of meprobamate. As local anes-

(4) S. Irwin, Communication at the Gordon Research Conference on 
Medicinal Chemistry, New London, X. H., Aug 1959. 

(5) G. Coppi, A. Maselli, and C. Ciani-Bonardi, Farmaco Ed. Sci., 20, 
203 (1965). 

thetics, 10, 16, and 25 were as active as lidocaine, but 
irritant. When tested on isolated guinea pig ileum, 
only 3, 6, and 15 inhibited spasms produced by hista
mine (activity not confirmed in vivo), while 15-17 
exerted some antiacetylcholine activity. Only some of 
the compounds caused a fall of the arterial pressure in 
rats; the hypotensive action of 1, 2, 7, 9, 14, and 18 was 
long-lasting whereas that of 6, 13, and 17 was less 
than 30 min. On the isolated rabbit heart, 5, 16, and 
17 markedly increased the coronary flow but induced, 
at the same time, an evident reduction in the amplitude 
of contractions. Only the vasodilator action of 8, 
which was quite similar to that of papaverine, was not 
accompanied by changes in amplitude of contractions 
and in cardiac frequency. Antiarrhythmic action was 
tested only for those compound which lacked overt 
cardiotoxicity; 18, 19, and 22-24 considerably reduced 
the maximal rate of stimulation of electrically driven 
isolated guinea pig auricles. This activity was com
parable with that obtained with an equal dose of quini-
dine but, with the exception of 24, all the compounds 
markedly inhibited the amplitude of contractions. 
None of the substances showed significant analgetic, 
antiinflammatory, antibacterial, and antifungal ac
tivities. 

Due to the promising results shown in the preliminary 
antiarrhythmic testing of 24 [l,5-dimorpholino-3-(a-
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ompd 

1 
2 

3 

4 

5 

(i 

7 

8 

!) 
10 

11 

12 

13 

14 

15 

10 

17 
IS 

1!) 

2(1 

21 

22 

2:: 

24 

25 
h a m a t e 

Approx 

t .l)» 
(mouse) . 

mfr /ks ip 

150 

285 

100 

150 

71 

200 

150 
100 

150 

70 
82 

285 

150 

71 

too 
140 

150 
100 

285 

280 

28(1 

150 

200 
452 

SO 

Act. on spe 
mot i l i ty 

Decrease. 

"A" 

MS 

04 

38 
Inaet 

47 

71 

Inaet 

Enact 

50 

41 

63 
Inaet 

52 

45 

Inaet 

Inaet 

71 

38 

32 

57 

33 

59 

31 

51 

41 

50 

. n taneous 

(mouse) 
mg/kjr 

i p 

50 

50 

25 

25 

25 

100 

25 

25 

25 

25 

50 

25 

25 

50 

25 
12 5 

50 

25 

25 

100 

100 

100 

50 

200 

12 5 

200 

Analgetic act 
Increase of 

react ion 
t ime. '>:'' 

54 

56 

Inaet 

Inaet 

45 

56 
Inaet 

62 

Inaet 

Tnaet 

40 

80 

70 

Inaet 

Inaet 
Inaet 

;>3 

Inaet 

43 

49 
Inaet 

48 

40 

13 
Inaet 

i mouse) 

niK kK 

i p 

50 

50 

25 

25 

25 

100 

25 

25 

25 

25 

25 

25 

25 

50 

25 
12 .5 

50 

25 

25 

100 

100 

100 

50 

200 

12 .5 

.Surface 
local 

anes the t i c 
act . (guinea 

Pis) . v/,' 

30 

Inaet 

28 

23 

25 

Inaet 

20 

56 

61 

93 

27 

46 

44 

46 

43 
94 

58 

22 

24 

24 

30 

30 

23 

Inaet 

79 

Acetylcho
line. 

1 X l ( ) - ; 

K ml 

Inae t 

I n a e t 

Inae t 

Inaet 

Inaet 

Inaet 

Inae t 

10 

32 

Inaet 
32 

Inaet 

30 

3.) 

89 

87 

81 

Inaet 

Inaet. 

Inae t 

Itmel 

Inaet 

Inaet 

20 

40 

Antispasmc 
inhih of sp 

His ta
mine . 

1 X 10 

K 'ml 

Inaet 

20 

86 

43 

56 
100 

53 

44 

30 

25 

Inaet 
38 

Inaet 

Inaet 

96 

18 

45 

25 

40 

62 

Inaet 

Inaet 

Inaet 

Inael 

31 

>dir act . in r j / 
a sm pro<tucc<1 

N'icotine, 
•• 2 X 10 " 

(i ml 

39 

Inaet 

Inaet 

18 
Inael 

Inaet 

29 

30 

37 

53 

Inaet 

3.) 

Inae t 

Inae t 

Inaet 

42 

Inaet 

Inael 

Inaet 
Inae t 

Inaet 

Inael 

Inaet 
Inae t 

69 

' t ' y ' ' - -
5 - H T . 

A 

1 X 10 •» 

K ml 

Inae t 

Inaet 

Inaet 

Inaet 

Inael 

Inael 

Inae t 

Inaet 
34 

26 

19 

16 

Inaet 

Inaet 

35 

34 

Inael 

Inaet 

Inae t 

Inae l 

Inael 

Inael 

Inael 

Inaet 

17 

Ant ih i s l amin ic ac t . 
Ill VIVO (£11 

Pro tec t ion . 

"A'" 

Inae t 

33 

Enact 

Inae t 

Enact 

Inae t 

Inae t 

Enact 

Enact 
Enact 

Enact 
Inaet 

Inae t 

Inae t 

Inaet 

Enact 

Enact 

Inae t 

Inaet 

.)-> 
Inaet 

Inae t 

Inael 

Inael 

Inaet 

.inea pig) 
mtl'kii 

i p 

50 

50 

25 

25 

25 

100 

25 

25 

25 

25 

25 

50 

25 

25 

25 

12 .5 

50 

25 

25 

100 

100 

100 

50 
200 

12 .5 

Anti i i i f !ammalory 
ac t . ( ra t ) 

Inliih of mK ks: 
ei tema. '"< - os 

15 200 

Inael 200 

Inaet 200 

Inaet 50 

Enact 200 

Inael 50 

Hypo ten 
s ive act.. 

( r a t ) , fall 
of l.looil 
pressure . 

mm of l is ' ' 

35 

20 

Inaet 

Enact 

Inaet 
46 

40 

Inaet 

50 

Inae t 

Inae t 
Inae t 

35 

20 

Enact 
Enact. 

55 

47 

Tnaet 

Inaet 

Inael 

In act 

Inael 

Inaet 

Inael 

Coronary 
vasodi la lor 

ac t . (iso
la ted rabbi t 

hea r t ) , in
crease of 

' flow, '•/,'' 

Inae t 

25 

Inae t 

12 

65 

19 

Inaet 

100 

Inae t 

38 

32 

24 

'•>•> 

Inael 

Inaet 
68 

146 

Inae l 

Inaet 

Inae t 
10 

Inael 

28 

Inaet 

39 

Ant i 
a r r h y t h m i c 
ac t . (elec

tr ically 
d r iven iso

lated fzninea 
pis auricles) 

decrease . vv' 

Inaet 

75 

S6 

91 

SI 
V 

Morphine- IK'l 07 5 
Lidoeaine-IICI 64 
Diphenhydramine -

IK'l 100 25 
Phenylbutazone 59 200 
(iuanethidinc 

sulfate 7s 
Papaverine-IICI 101 
Quinidine sulfate 0s 
" Values referred to controls, 15 inin after treatment | l \ B. Dews, liril. ./. Phnrmurol.. 8, 40 ( I953)|. '- licit plate test, 1 hr after treatment 11'- Adami and lv Marazzi, Arrh. Int. Plninim-

codi/n., 107, 322 (1956)]. The compounds were tested at a concentration of I mg ml |M. 11. A. Chance, and II. Lohsiein, ./. I'limiuarol. Exp. Thrr., 82, 203 (1914)|. ' T h e compounds were 
lested at it concentration of 1 MK »>' [)'• -Magnus, Arrh. Grmimtr Physiol. Mcnurhrn Tiirr, 102, 123 (1904)]. The l'T)„, values for the standards are: aleopine sulfate, 0.00:15 /jg ml: diphenhydra
m i n e - l i d . 0.0074 ;ig-ml; hcxamethonium bilarlralc, O.SS /ig ml: and ehlorpromazine- IK'l, 0.055 /zg ml. ' Aerosol of histamine it).25'',: ), 15 miu after treatment (II. Ilerxheimer, ./. I'hi/xiot. 
( London), 117, 251 (1952)]. '" Carragcenin-induced edema, 5 hr after treatment |L\. Maraz/.i-Uberti and ('. Titrba, Arrh. Inlrrii. l'hurmucotljin., 162, 378 (1966)]. " The compounds were tested 
tit 10 nig kg iv: guanethidine sulfate was tested til 5 mg kg iv: pressure was recorded at the earotid in urelhan-narcolized rals. ' 'The compounds were lested at a concentration of 1 ug ml 
| ( \ Turha and E. Marazzi-t'belli, Arztirim. Forsrh.. 16, 386 ( 1966)]. ' The compounds were tesled at III ^g ml ]<' Bianehi, (',. V. Sauna, and C. Turba. ibiil., 18, ,X45 ( I96S)|. 
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naphthyl)pentane], this compound was submitted to a 
more detailed pharmacological and toxicological 
study,6-9 as well as to a preliminary clinical trial.10 

(6) C. Bianchi, T. Bruzzese, S. Casadio, G. Coppi, G. Pala, G. P. Sanna, 
and C. Turba, Experientia. 23, 243 (1967). 

(7) C. Bianchi, G. P. Sanna, and C. Turba, Arzneim. Forsch., 18, 845 
(1968). 

(8) G. Coppi, G. Bonardi, and R. Perego, ibid., 18, 1343 (1968). 
(9) G. Coppi, G. Bonardi, E. Marazzi-Uberti, and C. Bianchi, ibid., 19, 

156 (1969). 
(10) V. Casadio, E. Baldoni, and P. Serentha, Curt. Ther. Res. Clin. Exp., 

9, 429 (1967). 

An investigation of other substances chemically related 
to the title compounds is also in progress, in order to 
shed more light on the structure-antiarrhythmic ac
tivity relationships. 
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4-Alkylthiosemicarbazide derivatives of 1,4-diketones (2:1 and to a lesser extent 1:1), of succindialdehyde, 
of 3-heteraglutaraldehydes (2:1 and 1:1), and of 2,5-dihydroxy-l,4-dithian are in general active against Sarcoma 
ISO in mice, while the corresponding unsubstituted thiosemicarbazones have no activity. This parallels the 
striking difference previously observed between thiosemicarbazide (TSC) and its 4-alkyl counterparts when 
condensed with periodate-oxidized polysaccharides and with other dicarbonyl compounds. Where the effect 
of varying the 4-alkyl substituent of the TSC has been investigated, it seems that Pr derivatives of 3-hetera
glutaraldehydes are more effective than Me or 0-hydroxyethyl derivatives, whereas increasing the chain length 
of the TSC substituent in the diketone series is detrimental (as in the oxypolysaccharides). The vitamin B6 

antagonism characteristic of the polymeric derivatives has also been observed in some of the compounds now 
described. Many of them display activity against HeLa cells in vitro. 

The polyaldehydes resulting from periodate oxidation 
of polysaccharides condense with substituted TSC's to 
give products which show activity against Sarcoma 180 
in mice.2 The composition of these N-containing 
polymers approximates 1 molecule of TSC per pair of 
aldehyde groups. Investigation of the structure2'3 has 
revealed that some of the TSC residues are linked to 
the polymeric backbone by single bonds (C-X-C), the 
others by normal thiosemicarbazone bonds (C=X). 
The former are often incorporated into morpholine rings 
while the latter help to constitute a polythiosemicarba-
zone. Two consecutive morpholine units from an 
oxidized xylan are shown in I, and two such thiosemicar
bazone units from oxidized starch in II. In the present 
work, we have prepared TSC derivatives of simple 
dicarbonyl compounds and tested them for antitumor 
activity, in order to compare them with the polymers. 

Chemistry.—In the first attempt to prepare ring 
compounds modeled on I, acetonylacetone was chosen 
as the most readily available comparable dicarbonyl 
compound. When this reacts with 1 mol of 4-methyl-
TSC, the intermediate dihydroxy compound (corre
sponding to the morpholine unit in I) is not isolable. 
It spontaneously loses H20 to yield the pyrrole I l ia, an 

(1) (a) Paper I I I : V. C. Barry, M. L. Conalty, C. N. O'Callaghan, and 
D. Twomey, Proc. Roy. Irish Acad. Sect. B. 68, 309 (1967). (b) Part of 
this work was presented before the Ninth International Cancer Congress, 
Tokyo, Japan, Oct 1966 (Abstracts, p 318). (c) To whom correspon
dence should be addressed. 

(2) V. C. Barry, M. L. Conalty, J. E. McCormick, R. S. McElhinney, and 
J. F. O'Sullivan. Proc. Roy. Irish Acad. Sect. B, 64, 335 (1966). 

(3) J. E. McCormick, J. Chem. Soc. C, 2121 (1966). 

-CH, 0 ^ ^ - U C H ^ \ . ( ) N / 0 — 

A- r ^ > ' ^ V - V / \ , 

NHCSNHMe NHCSNHMe 

I 

HO 0 

o M o 

CHCH=NNHCSNHMe 
I 

HO 0 
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example of the well-known Paal-Knorr synthesis. 
Other pyrroles I l lb-d were prepared similarly.4 

Reaction of 2 mol of 4-Me-TSC with the diketone gives 
the bisthiosemicarbazone IVb (c/. ref 5). 4-Mono-
substituted TSC's in general react in this way to give 
IVa-g, but we have so far been unable to prepare bis 
derivatives from TSC's with other types of substitution. 
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