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A series of linear aliphatic triamines and tetramines has been prepared as homologs of the; naturally occurring 
polyamines, spermine and spermidine, by mono- and symmetrical dicyanoethylation of the appropriate «,«-
alkylenediamines, followed by catalytic reduction of the nitriles. Cyanoethylated derivatives were reduced under 
unusually mild conditions by means of a commercially available sponge nickel catalyst.. Hydrochloride salts of 
all compounds synthesized have been prepared for biological evaluation. Three triamine trih\ drochlorides and 
one tetramine tetrahydrochloride have shown significant in vivo antitumor activity against transplantable mouse 
tumors. Against KB (human epidermoid carcinoma) cells in a culture system containing calf serum, the syn
thetic polyamines demonstrate, in general, the same high degree of inhibitory activity shown by spermine and 
spermidine (IDM = 1.0-3.0 X 10 - 6 mmole/ml.). 

The naturally occurring polyamines, spermine [X,X'-
bis(3-aminopropyl)butane-l,4-diamine (IV, x = 4)] 
and spermidine [N-3-aminopropylbutane-l ,4-diamine 
(III, x = 4)], have been known for many years, sper
mine having been first observed and described by van 
Leeuwenhoek in 1678 as the crystalline phosphate.3 

These bases are found widely distributed in many types 
of biological material, but the specific role they play is 
still unknown. Only recently has information become 
available on their biosynthesis and involvement in 
various biological systems.4 

Our interest in the polyamines began with the ob
servation by Dr. R. A. Alarcon in these laboratories 
of the potent inhibitory activity of spermine and 
spermidine against neoplastic cells in vitro in the pres
ence of calf serum.5 These and earlier studies have 
led to the finding that the inhibitory effect of spermine 
in bacterial and mammalian cell culture systems is 
dependent upon the presence of the enzyme spermine 
oxidase.56 Previously, it had been shown that 
spermine exhibits an inhibitory effect on spontaneous 
mouse tumors in vivo7 and on the Yoshida sarcoma 
in vitro.* Tokuoka claimed that spermine is present 
in the serum of cancer patients9 and, subsequently, 
Kosaki, el al., reported that spermine was found to be 
a component of the phospholipid "malignolipin," al
legedly present in human neoplasms.m 

We have undertaken a program of synthesis with the 
intent of preparing new substances related to spermine 
and spermidine while retaining or improving the growth-
inhibitory properties demonstrated by these bases. 
Various analogs of these polyamines are being prepared 

(1) Th is inves t iga t ion was s u p p o r t e d in p a r t by research g r a n t s (CY3335 
and C6516) from the N a t i o n a l Cancer I n s t i t u t e , Xa t iona l I n s t i t u t e s of 
Hea l th , U . S. Publ ic H e a l t h Service. 

(2) M . Israel , J . S. Rosenfield, and E. ,1. M o d e s t , A b s t r a c t s of P a p e r s , 
144th Na t iona l Mee t ing , American Chemica l Society, Los Angeles, Calif., 
April , 1963, p . 43-L. 

(3) A. v. Leeuwenhoek, Phil. Trans. Roy. Soc. London. 12, 1040 (1678). 
(4) For an excellent biochemical review see H. T a b o r , C. W. T a b o r , and 

S. M. Rosen tha l , Ann. Rev. Biochem., 30, 579 (1961). 
(5) R. A. Alarcon, G. E . Foley, and E. J . M o d e s t , Arch. Biochem. Bio-

phys., 94, 540 (1961). 
(B) ,1. G. Hirsch , J. Eiptl. Med., 97, 327 (1953). 
(7) E . Hoyland, Biochem. J., 35, 1283 (1941). 
(8) K. Miyak i , M . H a y a s h i . T. Chiba , and K. Nasu , Chem. Pharm. Bull. 

(Tokyo) , 8, 933 ( I960) . 
(9) T. T o k u o k a , Acta Schol. Med. Unn: Kioto, 27, 241 (1950.1. 
(10) T. Kosaki , T. I k o d a , Y. K o t a n i , S. Nakagavva, and T. Saka , Science, 

127, 1176 (1958), and subsequen t publ ica t ions . 

both to evaluate their biological activity in selected 
in vitro and in vivo assay systems and to determine 
the effect of alteration of chemical structure on the 
spermine oxidase system. These compounds may be of 
further interest as eomplexing agents for deoxyribo
nucleic acids and as stabilizers for ribosomes, pos
sibilities suggested by recent reports that spermine 
and spermidine form strong complexes with nucleic 
acids4'11'12 and that ribosomes from E. coli are stabilized 
by spermine13 and spermidine.14 This paper is con
cerned with the synthesis of spermine and spermidine 
and homologs of these compounds in which the tetra-
methylene portion of the molecule shows variation 
from 2 through 12 methylene units. The products 
have been prepared by mono- and dicyanoethylation 
cf the appropriate a,co-alkylenediamines, followed by 
catalytic reduction of the nitriles under unusually 
mild conditions. 

The monocyanoetliylated derivatives (I, Table I) 
were prepared by warming the appropriate diamine1 

with 1 equiv. of freshly distilled acrylonitrile. For 
the lower molecular weight diamines, the reaction 
was run by adding acrylonitrile dropwise into the 
liquid diamine while the reaction temperature was 
maintained at ">~10°. After all the acrylonitrile had 
been added, the reaction was permitted to warm to 
room temperature and was then heated at 70-80° 
for 3 hr. [n the case of the longer chain diamines, 
nonane-, decane-, and dodecanedianhne, which are 
solids at room temperature, the general reaction con
ditions had to be modified. These reactions could be 
carried out by the gradual addition of acrylonitrile 
to the liquid diamine, warmed to just above its melting 
point, or to a solution of the diamine in chloroform. 
The use of melted diamine was found to be the better 
of the two methods. In companion runs, NT-2-cyano-
ethyldodecano-l,12-diamine was obtained in 7\)% 
yield from melted diamine, but in only 36% yield when 
the reaction was conducted in chloroform solution. 

The general procedure' involving dropwise addition 
of acrylonitrile into the diamine, followed by gradual 

i l l ) S. Razin and R. R o / a n s k y , Arch. Biochem. Biophus.. 8 1 , 30 (1959). 
(121 D . Kaiser, II . Tabor , and C. W. Tabor , ./. .Vol. Biol., 6, M l (1903!. 
(13) . ] . L. Colbourn . M. H. Wi therspoon . and E. ,?. I lerbs t , Biochem. 

Biophus. Acta. 49, 422 (1901). 
( H ) S. S. Cohen ami .1. Licl i tenstem. ./. Biol. Chem.. 235, 2112 ilHUO). 
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warming to complete the reaction, was intended to 
decrease the possibility of dicyanoethylation. How
ever, with the lower molecular weight diamines, di
cyanoethylation could not be avoided entirely, the 
yield of the dicyanoethylated product decreasing with 
increasing methylene chain length. The cyanoethyl-
ated products were purified, wherever possible, by 
vacuum distillation of the reaction mixture in a nitro
gen atmosphere. Under high vacuum, a temperature 
of 160-170° was found to be critical for distillation of 
cyanoethylated derivatives. Above this temperature, 
distillation was accompanied by the elimination of 
acrylonitrile and sometimes by extensive decompo
sition. 

NHCHiCHaCX - - U - XHCH2CH2CH2XH2 
| ale. NH8 [ 

( C H i ) , 2 S \ 3 - 4 a t m . ( C H 2 ) , 
I ! 
XH2 NH2 

I III 
T 1 mole 

C H i = C H C N 

XH2 
I 

(CHj), (x = 2, 3, 4, 5, 6, 9, 10, 12) 

XH2 

2 moles 
| CHs=CHCN 

Hj-Ni 
XHCH,CH,CX >• XHCH2CH2CH2XH2 
| ale. NH. 

(CH,), 2 5°' 3-4 a t m ' (6H0* 

XHCH2CH2CX XHCH2CH2CH2XH2 

II IV 

Treatment of the diamine with 2 equiv. of acrylo
nitrile following the same reaction conditions as before 
afforded the symmetrically dicyanoethylated com
pounds II listed in Table II. In one case, where x = 9, 
the dicyanoethylated compound was also prepared by 
the addition of 1 equiv. of acrylonitrile to purified 
monocyanoethylated compound. No advantage in 
quality or quantity of product could be observed by 
this alternate route. All the dicyanoethylated com
pounds undergo extensive decomposition on distil
lation. However, where x = 2 through 6, it is still 
possible to isolate and purify the products by vacuum 
distillation in a stream of nitrogen despite the attend
ant decrease in yield. Where x = 9, 10, or 12, the 
dicyanoethylated compounds, which are solids at 
room temperature, cannot be distilled. These prod
ucts readily eliminate 1 equiv. of acrylonitrile on being 
heated, and only the monocyanoethylated product can 
be found in the distillate. Thus, N,N'-bis(2-cyano-
ethyl)nonane-l,9-diamine and N,N'-bis(2-cyanoethyl)-
dodecane-l,12-diamine (II, x = 9 and 12, respectively) 
were characterized only as their dihydrochloride salts. 
An analytical sample of N,N'-bis(2-cyanoethyl)decane-
1,10-diamine (II, x = 10) was obtained by recrystalli-
zation of the crude reaction product from a benzene-
petroleum ether (b.p. 60-90°) mixture. 

Dihydrochloride salts of the mono- and dicyano
ethylated diamines were prepared by introduction of 
anhydrous HC1 into an alcoholic solution of the free 
base, followed by recrystallization of the precipitate 
from absolute ethanol or water-alcohol mixtures. 

Of the sixteen triamines (III) and tetramines (IV) 
which we have prepared, only five have been previously 
described in the chemical literature. Spermine has 
been prepared from N,N'-bis(2-cyanoethyl)butane-l,4-
diamine,15'16 and C14-labeled spermine and spermidine 
were obtained by Jackson and Rosenthal17 from a crude 
putrescine-acrylonitrile reaction mixture; in each 
instance Raney nickel was employed at elevated 
temperatures and high pressures for the reduction. 
Poppelsdorf and Myerly18 obtained N-2-aminoethyl-
propane-l,3-diamine (IV, x = 2) as a by-product from 
the cychzation of N-2-cyanoethylethylenediamine to 
homopiperazine by means of Girdler G-49A nickel 
catalyst at high temperature and pressure. Reduction 
of 6-(N-2-cyanoethyl)aminohexanenitrile to N-3-amino-
propylhexane-l,6-diamine (III, x = 6) by means of 
Raney cobalt has been described.19 Terent'ev, Kost, 
and Churshina have reported the preparation of 
bis (3-aminopropyl) amine by sodium-potassium alloy 
reduction of 3,3'-iminodipropionitrile in 22% yield.20 

However, these authors claim that reduction of N-2-
cyanoethylpropane-l,3-diamine (I, x = 3), for which 
they report a boiling point 100° greater than for our 
own sample, afforded only 1,5-diazacyclooctane in
stead of the expected straight-chain triamine.21 

The synthesis of spermine, spermidine, and other 
polyamines prepared during this investigation has been 
accomplished by catalytic hydrogenation of the cor
responding cyanoethylated compound. The sodium-
potassium alloy method of Terent'ev, Kost, and 
Churshina was found to give only dark, viscous, non-
distillable polymers. For the catalytic method uti
lized here, purified cyanoethylated compound was dis
solved in ethanol saturated with ammonia, and the 
resulting solution was shaken on a Parr low-pressure 
hydrogenator in the presence of sponge nickel catalyst22 

at room temperature at an initial hydrogen pressure of 
2.81-3.87 kg./cm.2 (40-55 p.s.L). As previously noted 
for dethiation reactions,22 this catalyst required an 
apparent bulk density23 of 0.8-1.0 in order to be ef
fective as a hydrogenation catalyst under these condi
tions. The presence of ammonia was intended to 
suppress the formation of secondary amines during 
reduction of the nitriles,24 and no secondary amine 
by-product resulting from reduction of the nitrile was 
ever detected. 

This use of sponge nickel catalyst is apparently the 
first instance in which a commercially available nickel 
catalyst has been used for the reduction of nitriles 
under such moderate conditions. Most previous 

(15) H. P. Schultz, J. Am. Chem. Soc, 70, 2666 (1948). 
(16) Sterling Drug Co., British Patent 903,200 (1962). 
(17) E. L. Jackson and S. M. Rosenthal, J. Org. Chem., 25, 1055 (1960). 
(18) F. Poppelsdorf and R. C. Myerly, ibid., 26, 131 (1961). 
(19) Badische Anilin- & Soda-Fabrik, German Patent 896,650 (1953); 

Chem. Abstr., 52, 12894d (1958). 
(20) A. P. Terent'ev, K. I. Churshina, and A. N. Kost, Zh. Obshch. Khim., 

20, 1073 (1950). 
(21) A. P. Terent'ev, A. X. Kost, and K. I. Churshina, ibid., 21, 268 

(1951). 
(22) Available under water in 32-kg. pails, 50% solids, as sponge nickel 

hydrogenation catalyst, grade 986, from the Davison Chemical Division, 
W. R. Grace and Co., Baltimore, Md. We have recently reported on the 
nature and use of this catalyst for the dethiation of sulfur-containing pyrim-
idines [H. N. Schlein, M. Israel, S. Chatterjee, and E. J. Modest, Chem. 
Ind. (London), 418 (1964)]. 

(23) The apparent bulk density is calculated by measuring the dry (110°) 
weight per unit volume of a settled aqueous suspension of the catalyst.22 

(24) J. C. Robinson, Jr., and H. R. Snyder, "Organic Syntheses," Coll. 
Vol. I l l , John Wiley and Sons, Inc., New York, X. Y., 1955, p. 720. 
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'FABLE I 

J M O N O C Y A X O E T H V L A T E D tx ,a ) -ALKYLENEUIA\ l IXES ( I ) AM) T H E I R DlHYDROCHI.ORIDlv-

H..N(CH2) rNHCH2CH2CX 

,r 

0 

3 

4 

5 

6 

9 

10 

12 

B.p., °C." 

107'' 

86 -87" 

88 

110 

146 

152'1 ' ' 

1 6 9 - 1 7 0 ' ' ' 

171-176*'™ 

n u n . 

l .:! 
0 . 7 

0.02 
0.12 
2 . 0 

0 . 3 

0 . 4 

0 . 3 

r 
yield' ' 

42" 

53 J 

50" 

68* 

46 ; 

34 

55 

n 

Formula. 

C i H u X , 

C6H13X : ) 

C,H 1 6 X 3 

C\H17X:< 

C9H19-S 3 

o,2H2ix:, 
C ] 3 H 2 7 X 3 

Ci;ti31X3 

Ca.rlx 
Caled. 

5 6 . 6 5 

5< ) ,5: ; 

61.81) 

6 3 . 8 6 

68 , 19 

6 9 . 2 7 

m, '", 

Found 

•')() 7 1 

5 9 . 4 2 

6 2 . 0 4 

6,'i, 74 

6 8 , 2 4 

6 9 . 3 2 

• l l y d r 

C a l e d , 

10.31 

10.71 

11.04 

1 1 32 

11 .92 

12.118 

ojren, '.'i • • 

F o u n d 

10,49 

1 0 . 9 4 

1 1 . 1 8 

11 .30 

12 .00 

12 ,09 

•Nltroiten. ' \ 
Ca.lt.-ci. 

3 3 . 0 4 

2 9 . 7 6 

2 7 . 0 7 

2 4 . 8 3 

1(1 .88 

1 S. 64 

l- '.iiiinl 

3 2 . 9 7 

2 9 . 8 4 

27. 14 

25 16 

19.84 
1 8 . 3 8 

" The boiling points listed are those of the analytical samples. '' Per cent yield figures represent yields based on distillation fractions 
collected over a 5° boiling range including the boiling point of the analytical samples. '' A = absolute ethanol, B = 95 r j ethanol, (' -
refluxing 95% ethanol plus sufficient water to dissolve sample. '' A. P. Terent'ev and A. X. Kost \'/.h. Ohxhvh. Khim., 20, 2069 (1950 i| 
reported b.p. 101° (1.5 mm.); lit.18 b.p. 106-108° (1.0 mm.). ' 1 )icyanoethylated product also present in 25'," yield. •'' S. V. Dicker-

TABI.E II 

I )lCYAN'OETUVI,A'l'ED a,w-\ I.KYEENEDI AM1N ES ( 1 1 ) AM) T l I E I H I ) I II Y 1)111)('111 ,()HI1)E> 

NHCH2CH2CX 

X 

2 

3 

4 

5 

6 

10 

12 

B.p., °C . " 

208-210 ' ' 

176 / 

180" 

194-196 

200-20V 
1. 
h 

k,l 

k 

rum. 

2 . 5 

0 5 

0 . 7 

0 . 4 

1 .0 

% 
.vield" 

c 

57 

50 

93 

J 
98 

99 

97 

F o r m u l a 

CSH14X., 

C9H16X4 

C„,H1SX4 
CnHajX'4 

C1 2H2 2X4 

C l ; H 2 8 X 4 

C16H30X i 

C H H ^ . X , 

(CH 2 >, 

X H C H 2 O H 2 C X 

, -•-<.: 1 

C ' a l r d . 

5 9 . 9 7 

6 1 . 8 2 

6 3 . 4 2 

6 4 . 8 2 

6 9 . 0 2 

•Ha.se 
i rbon , (.; 

Found 

6 0 , 1 2 

61 88 

6 3 , 4 4 

6 4 . 8 0 

6 8 . 8 0 

-•H.vtlr 
f i l l ed . 

8 ,05 

9 .34 

9 . 6 8 

9 .97 

10.8(i 

o^en, v; • -
Found 

9 , 0 8 

9 44 

9 . 7 3 

10. 14 

11 .39 

-Ni 
f i l led . 

31 .09 

28 . 84 

2 6 . 9 0 

25 20 

20 13 

t royei 1. ' , 

Found 

3 0 . 8 2 

2 8 . 5 9 

2 6 . 9 6 

2 4 . 9 5 

19.89 

" The boiling points listed are those of the analytical samples. '' The dicyanoethylafed compounds undergo extensive decomposition 
on heating. The yield figures represent, for r = 3, 4, and 5, crude yields of dicyanoethylated compounds after removal of unreacted 
starting material and monocvanoethvlated products by vacuum distillation at bath temperatures no greater than 10° above the boiling 
points listed in Table I: for x = 9, 10, and 12, the yields are based on crude reaction mixtures. ' A = absolute ethanol. B = 95' , 
ethanol, C = refluxing 95'v ethanol plus sufficient water to dissolve sample, 1.) = aqueous acetone. '' J. Lincoln, B. Kilis, and (1. ('. 

TABLE II I 

X - 3 - A M I X O P R O P Y I . - a , u - A l . K Y L E . \ E I ) l A M I X E S ( I I I ) AND T l I E I R T R I I I Y D K O C I I L O R I D E S 

H 2 X ( C H 2 ) I N H C H , C H 2 C H 2 X H 2 

X 

2 

• > 
4 

5 

6 

9 

10 

12 

IS.p., °C\" 

63-64 ' ' 

8 0 - 8 1 ' 

8 2 - 8 4 ' 

9 4 - 9 5 

104-105 ' ' ' ' 

135' 

144-145*' 

153-154 ' 

m m . 

0 . 2 

1.0 

0 . 1 

0 . 3 

0 2 

0 . 2 

0 . 2 

0 . 5 

' % 
yield'1 

54 

61 

66 

64 

51 

39 

84 

47 

V or inula 

C 5 H 1 5 N 3 

C'eH.-X:, 
C-H, 9 X S 

e,H21x3 
O s H 2 3 X 3 

C,,H,„X 3 

C1 3H3 1X3 

C1 3H3 3X3 

•• - d i a s e 
C a r b o n . 

f a l f d . 

5 1 . 2 4 

5 4 . 9 2 

6 0 , 3 2 

66 ,91 

6 8 . 0 6 

6 9 . 9 9 

,;. '. 
Found 

51 .20 

5 5 . 0 2 

60 24 

67. 13 

68 24 

6 9 . 9 0 

- i lydrc 
Cak' t l . 

12 90 

1 3 . 0 6 

13,. 2() 

13.57 

13 .63 

13.71 

men, '•, 
Found 

1 3 . 0 6 

13 ,06 

1 3 . 3 0 

13.52 

14.02 

13,, 59 

'?, 

Oi led . 

3 5 . 8 6 

3 2 . 0 3 

26 89 

19.51 

18.32 

16 .33 

en, ' , 
Found 

36 .04 

3,1 .89 

26 73 

h i . 55 

1 7 8 8 

16.3,2 

" The boiling points listed are those for the analytical samples. '' Per cent yield figures represent yields based on distillation tract inns 
collected over a 5° range including the boiling point, of the analytical samples. r A = 95' 3 ethanol, B - remixing 95'7- ethanol plus 
sufficient water to dissolve sample, C = 95co ethanol plus ether to precipitate. '' Lit.15 b.p. 72° (1.0 inm.i. e Lit.21 b.p. 105-106° 
(5-6 mm.) for free base and decomposition at, 259° for the trihvdrochloride. ! The infrared spectrum of this material was identical 

investigators25 have reduced cyanoethylated amities, reported the preparation of \V-(> Raney nickel and its 
and nitriles in general, with W-2 Raney nickel at ele- use for the reduction of nitriles at room temperatures 
vated temperatures (100-150°) and pressures [105.")- and low pressures; this catalyst is, however, quite 
351.6 kg./cm.2 (1500-5000 p.s.i.)]. There have been hazardous to prepare and to handle and loses its activity 
some sporadic reports in which nitriles have been re- in 2 weeks when, stored under ethanol in a refrigerator, 
duced in the presence of Raney nickel at 4 atm. but Sponge nickel catalyst lias other advantages: it ve
nt temperatures of 70-100°.n Adkins and Billiea27 

(26) See, for example , W. F. Holcomb and ( ' . S. Hami l ton . ./. Am. Chun. 
(25) See, for example , F. f. Wii i tmore , e.t al.. •/. Am. ('hem. 8',,,.., 66, 72.1 Sue. 64, KiO!) (1042); ami f. F. K. Allen ami ft. V. Wilson, ref. 24, p. :t")S. 

(11144), and ref. IT, -17. (27) H. Adkins ami II. U. Rilliea, ./. Am. Chern. Sor.. 70, 095 (1048). 

Ca.lt.-ci
�Ha.se
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M.p., °C. 
(solventc) 

129-1311 (C) 
216-218° (C) 
207.5-211 (B) 
189-190 (A) 
204-207 (A) 
206-208 (A) 
219-222 (A) 
228-232 (A) 

. Carbon, 
Calcd. 

32.26 
36.01 
39.26 
42.11 
44.63 
50.70 
52.34 
55.21 

% 
Found 

32.07 
36.17 
39.39 
42.11 
44.64 
50.71 
52.44 
55.01 

Dihydroehloride 
. Hydrogen 
Calcd. 

7.05 
7.55 
8.00 
8.39 
8.74 
9.59 
9.80 

10.19 

, % . 
Found 

7.17 
7.62 
8.16 
8.52 
8.75 
9.64 
9.67 

10.23 

. Nitrogen, 
Calcd. 

22.58 
21.00 
19.62 
18.42 
17.35 
14.78 
14.08 
12.88 

% — 
Found 

22.21 
20.98 
19.36 
18.27 
17.05 
14.73 
13.89 
12.92 

> Chlorine, 
Calcd. 

38.10 
35.44 
33.11 
31.08 
29.28 
24.95 
23.78 
21.73 

• 

% • 

Found 

37.89 
35.43 
32.95 
31.01 
29.55 
24.99 
23.69 
21.67 

man and J. Simon [J. Org. Chem., 22, 259 (1957)] reported hygroscopic needles, m.p. 129-131°; our product showed no evidence of 
hygroscopicity. ' Lit.21 b.p. 203-206° (3.0 mm.) for free base and decomposition above 180° for dihydroehloride. * Some dieyano-
ethylated product also formed. ' Dicyanothylated compound also present in 15% yield. ' Some decomposition on distillation. * Low-
melting solid. ' White solid, m.p. 34-38°. m Extensive decomposition on heating. " 79% crude yield. 

M.p., °C. (solvent') 

192-203 (C) 
240 dec. (D) 
233-239* dec. (C) 
217-220 dec. (B) 
228-232 (C) 
222-235 dec. (A) 
222-225 (C) 
230-233 (C) 

. Carbon, 
Calcd. 

40.18 
42.69 
44.95 
46.98 
48.81 
53.45 
54.70 
56.98 

%—— 
Found 

40.23 
42.78 
44.77 
46.66 
48.72 
53.39 
54.95 
56.96 

Dihydrocl 
. Hydrogei 
Calcd. 

6.74 
7.16 
7.54 
7.88 
8.19 
8.96 
9.18 
9.56 

iloride 
i , %—. 

Found 

6.91 
7.16 
7 66 
7.89 
8.36 
8.99 
8.98 
9.68 

* Nitrogen 
Calcd. 

23.43 
22.13 
20.97 
19.92 
18.98 
16.61 
15.95 
14.77 

, % 
Found 

23.30 
22.01 
20.97 
20.14 
18.96 
16.80 
15.81 
14.66 

- Chlorine 
Calcd. 

29.65 
28.01 
26.54 
25.22 
24.02 
21.02 
20.18 
18.69 

, % • 

Found 

29.59 
27.98 
26.52 
25.26 
?3 88 
21.25 
20.14 
18.65 

Richardson [British Patent 613,807 (1948)] reported b.p. 186-192° (0.2 mm.). e Obtained in 25% yield as by-product of the mono-
oyanoethylation reaction. f Lit.21 b.p. 263-265° (3.0 mm.). "Previously reported to be nondistillable even at pressures of 0.01 mm. 
"'Lit. m.p. 232-233° dec.,15 243-244°.16 i Ut.d b.p. 230-238° (2.0 mm.). > Obtained in 15% yield as by-product of the monocyano-
ethylation reaction. * Low-melting solid; complete decomposition on distillation. ' Analytical sample reprecipitated from benzene-
petroleum ether mixture, m.p. 47-49°. 

. Trihydrochloride— 
. Carbon. % ^ Hydrogen, % . 

M.p., °C. (solvent0) Calcd. Found Calcd. Found 

223-228 (B) 26.50 26.44 8.01 8.00 
270 dec." (C) 29.95 29.89 8.38 8.47 
255-257° (B) 
250-252 (A) 35.76 35.78 9.00 9.13 
254-256 (B) 38.24 38.15 9.27 9.30 
279-282 dec. (B) 44.37 44.28 9.93 9.90 
283-286 dec. (B) 46.09 46.06 10.12 10.17 
290-295 dec. (B) 49.12 49.23 10.45 10.43 

Calcd. 

18.55 
17.47 

15.64 
14.86 
12.94 
12.41 
11.46 

Nitrogen, % . 
Found 

18.63 
17.36 

15.64 
14.74 
12.92 
11.93 
11.38 

Calcd. 

46.94 
44.21 

39.57 
37.63 
32.75 
31.40 
29.00 

Chlorine, % . 
Found 

46.72 
44.37 

39.61 
37.59 
32.97 
30.90 
28.94 

with that obtained from an authentic sample of spermidine (from L. Light and Co., Ltd., Colnbrook, Bucks, England) and purified by 
vacuum distillation [b.p. 84-86° (0.2 mm.)]. ' Lit.17 m.p. 257-258°. * M.p. 37-39°. * Lit.1' b.p. 104° (0.4 mm.) and m.p. 38.4°. 
$ Low-melting solid. * M.p. 56-59°. l M.p. 57-66°. 

tains its activity on storage under water for long periods 
of time (over 2 years), possesses a very low degree of 
pyrophoricity, and can be handled safely in large 
quantities. 

All of the triamines and tetramines thus obtained, 
except IV (x = 10 and 12), were purified by vacuum 
distillation; the two exceptions are high-boiling solids 
which can be distilled only under forcing conditions. 
The free bases and their hydrochloride salts, prepared 

by the addition of anhydrous HC1 to an alcoholic 
solution of the purified polyamine, are listed in Tables 
III and IV. 

Biological Activity.—Of the 32 compounds reported 
in this paper, all but two (IV, z = 10 and 12) have 
been examined in various in vitro and in vivo bioassay 
systems at the Children's Cancer Research Foundation. 
Antitumor activity in vivo has been evaluated against 
four transplantable mouse tumors by the standard 
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T A B I . K IV 

X,X ' -Bl . -S l3 -AMI\OI ' IUI I 'Vl / ! -« ,aJ -AI .KV] .E . \Kl>IA, \ I l \ES ' , 1 \ I AMI TllICIK Tfc t'HAHV DHOCHU >KII>K* 

X H ( . ' H 2 ( ' H , C H , , N H ; 

(OH. . ) . 

N H t ^ H j C H j C H i N H : 
•- - - - • - - -Rase -

Ca rbon , '," •• 
X 

2 

:i 

4 

5 

('. 
0 

10 

12 

15.p.. °C." 

118 
07 -100 

141-142" 

1 50'' 

164-166" 

lGS-lTO''1 ' 

J,>-
100-21 ()'•'" 

mm. 

0 . 2 

0 . 0 7 

0 . 5 
0 . 2 

0 . 5 
0 . 2 

o.:i 

yield'' 

6;? 

52 

25 

03 

35 

47 

05 

45 

Hydrogen , ' , 

led. Foi 

12+5 

13 05 

Formula Calcd. Pound 

C9H22X.1 5 5 . i : i 5 5 . 1 3 

C9H04X4 5 7 . 4 0 57.5; ' , 
('ioHj6X'4 

C11H+N4 6 1 . 0 5 60 . (St) 

( \ 2 H 3 ( ) X, 

dsHsfiXi 00 .11 6 6 , 1 4 13.31 

(/eld/.N., 

Ci»H4 ,X, (5S. 72 (is. 60 b l . 4 6 

" Ttte boiling po in t s l isted are those of the ana ly t i ca l samples , '- P e r cent yield figures represent yields based o 
collected over a. 5° r ange inc lud ing the boiling point, of the ana ly t ica l samples except for .r • • 10 and 12, in which 0 
high-boi l ing solids a n d n o t easily dist i l lable. '' T h e t e t r ahyd roch lo r ide sal ts were all recrvstal l ized from aqueous ( 

y an m 
of spe rmine ob ta ined 

12.70 

12.65 

.0(1 

| : S . 4 I ) 

1:5.: ; i 

Xit r 

Calcd . 

32. 15 

2 0 . 7 5 

2 5 . SO 

211. 56 

17. SI 

Found 

32 27 

2 0 . 5 2 

26 . 10 

20. 02 

17.56 

. . . 0 . . ' • - ' - » ~ . • . . * - - - ~ . ~ — . . . . „ ^ . ^ ^ . t i , ....... , . . . , . . , . , . . . . . . . . , . u ^ , , _ , __ ^ __ , 

reported 2" b u t w i t h o u t a d e q u a t e cha rac t e r i za t ion ; t h e a u t h o r s did not isolate t h e free base and gave only an tin 
and a decompos i t ion po in t of 150° for the t e t r ahyd roch lo r ide . '' Ident ica l with samples of spe rmine ob ta ined 
1 Lit . m .p . 310 -311° dec. ,1 5 300-311 0 . 1 ' 5 Th is s ample of spe rmine t e t r ahyd roch lo r ide p roved to be ident ica l wi th f 
h e a r t muscle6 and w i t h samples ob ta ined from var ious otIter sources. " Low-mel t ing so]id. " M . p . 46 -50°. ' A di 

11 d i s t i 

:ise t h e ( 
thano l . 
accepta! 
from v. 
hat. isol 
hvdrafc 

ha t raeti 
' ompoumls 

" Previoi 
ble X anal, 
irious sour 
a fed from 1 
salt consisi 

ons 
are 

assay procedures employed here.'2'* Four hydrochloride 
salts (III, x = .'->, f), 9, and IV, .>• = 9) and the dinapo-
nate salt of IV (.)• = 9) show significant antitumor 
activity; the data are summarized in Table V. The 
tetrahydrochloride salt of IV, .t: = 9, also produced a 
o l % increase in survival at a dosage of 20 mg./kg. 
in the WR-3 rat leukemia tumor system.'-8 

Against. KB cells (human epidermoid carcinoma) in 
a culture system containing calf serum,29 the triamines 

T A B L E V 

I N H I B I T I O N O F M O U S E T I M O R S Y S T E M S B Y S E L E C T E D 

P O L Y M E T H Y L E X E P O L Y A M I N E S 

Compd. 

I I I - 3 H C 1 (x = 3) 

I I I - 3 H C 1 (x = 5) 

I I I - 3 H C 1 (x = 0) 

I \ - 4 H C 1 (x = 0) 

I V - d i n a p o n a t e (x = ' • ) ) 

Tumor 
system'' 

B 

(.' 
c 
A 

B 
C 

1) 

B 

(* 
I) 

Dose,'' 
nig./kc. 

SO 

100 

SO 

25 

25 

25 

25 

SO 

50 

SO 

Survival 
increase,0 

'-; 
+ 23 
+ 36 

+ 24 

- 4 5 

- 6 2 
- -5S 

— 5 

- 1 1 

+ 44 

+ 1 

in! 
day 

11 

14 

12 

0 

12 

15 

10 

14 

14 

Tumor 
hibition r--

c' 

+ 7 5 

+ 76 
- 7 2 

d 
+ 100 

+ 100 

- 4 7 

+ 66 

+ 100 

+ 64 

" T r a n s p l a n t a b l e mouse t u m o r s employed 2 3 : A, L1210 asci t ic 
l y m p h a t i c l eukemia in t h e B D F / 1 h y b r i d ; B , P1534 l y m p h a t i c 
l eukemia in t h e D B A / 2 inbred s t r a in ; ( ' , C140S mye logenous 
l eukemia in t h e C 5 7 B L / 6 inbred s t r a i n ; I) , D B H B m a m m a r y 
ca r c inoma in t h e D B A / 1 inbred s t ra in . '' I n t r a p e r i t o n e a l ad 
m i n i s t r a t i o n once da i ly s t a r t i n g wi th first p o s t - t u m o r inocula t ion 
d a y a n d con t inu ing un t i l d e a t h of last a n i m a l . H y d r o c h l o r i d e 
sal ts were a d m i n i s t e r e d in aqueous solut ion a n d t h e n a p o n a t e 
sal t as a suspens ion in 10 ' , ' aqueous T w e e n SO. r M e a n su rv iva l 
increase a b o v e 2 0 0 / a n d t u m o r inhibi t ion ( r educ t i on in m e a n 
t u m o r size) a b o v e 5 0 ' / / d e n o t e significant, a n t i t u m o r a c t i v i t y . 
'' E v a l u a t i o n b a s e d only on su rv iva l . 

(28) T h e four t u m o r screen includes the following t r a n s p l a n t a b l e mouse 
t u m o r s : L1210 ascit ic l y m p h a t i c l eukemia in t he B F D / 1 hybr id . P I 5 3 4 
l y m p h a t i c l eukemia in t he D B A / 2 inbred , C1498 mye logenous leukemia in 
the C 5 7 B L / 6 inbred , and D B R B m a m m a r y ca rc inoma in the D B A / 1 inbred 
s t ra in . T h e s t a n d a r d assay procedures have been described fC. L. M a d d o e k , 
G. ,1. D 'Angio , S. Fa rber , and A. H. Hand le r , Ann. X. Y. Acad. Sri., 89, 38(1 
(1960)1. 

(29) Ci. E . Foley and I I . Eagle, Cancer lies., 18, 1012 ( I M S ) ; II. Faille 
and G. 10. Foley, ibid., 18, 1017 (1958). 

and tetraniin.es demonstrate, in general, the same 
high degree of inhibitory activity shown by spermine 
and spermidine, i.e.. •")()% inhibiting doses (ID-,,, values) 
in the range of 1--7 7/'ml. on a weight basis, equivalent 
to a molar concentration range of 1.0-3.0 X 10"" 
iiimole. ml. 

Experimental31 

F r e s h l y dist i l led acry lon i t r i l e ( b . p . 7 0 - 7 7 ° ) was used exclusively 
t h r o u g h o u t this work . T h e a lky lened ia in ines con ta in ing from 
2 - 6 ca rbon a t o m s were redist i l led pr ior to use . All d is t i l la t ions 
of c y a n o e t h y l a t e d a n d p o l y a m i n e p r o d u c t s were carr ied out in a 
n i t rogen a t m o s p h e r e . In f ra red spec t r a were ob t a ined by m e a n s 
of a P e r k i n - E l m e r .Model 137B s p e c t r o p h o t o m e t e r . Spec t r a of 
t h e free bases were d e t e r m i n e d in chloroform solu t ion or as th in 
films, a n d those of t h e hydroch lo r ide sal ts as p o t a s s i u m b r o m i d e 
disks. Mel t ing po in t s were t a k e n b y the cap i l la ry m e t h o d in a 
modified W a g n e r - M e y e r mel t ing point a p p a r a t u s 3 1 at. a h e a t i n g 
r a t e of l ° / m i n . within 10° of the mel t ing po in t . Ana ly t i ca l 
samples of the hydroch lo r ide sa l t s were dr ied a t 70° in vacuo 
for 17 hr. over p h o s p h o r u s pen I oxide. 

T h e following expe r imen ta l p rocedures illu.stra.te t h e genera l 
m e t h o d s used 10 p repa re t h e c o m p o u n d s descr ibed in the t ab les . 
For each type of c o m p o u n d ( I , 11, I I I , or IV) , t h e infrared spec t r a 
v a r y on ly s l ight ly for t h e m e m b e r s of the homologous series. 
T h e infrared d a t a given for specific, c o m p o u n d s arc therefore 
i l lus t ra t ive of the o the r m e m b e r s of that series. 

Monocyanoethylat ion. N-2 - (yanoe thy lpropane- l , 3 -d iamine 
1 i, x = 3) . Acryloni t r i le (10.6 g., 0.2 mole) was a d d e d d ropwise 
over a 15-min. period to 1 ,3-propanediamine (14.S g., 0.2 mole) 
wi th s t i r r ing a n d ice b a t h cooling. T h e reac t ion m i x t u r e was 
s t i r red at 5° for 20 min. , a l lowed to warm g radua l ly to 45° , 
and held at tha i t e m p e r a t u r e for 0.5 hr. , af ter which t ime il was 
hea ted in a boil ing water b a t h for 2 hr. On v a c u u m dis t i l la t ion 
the mix tu re yielded two fract ions, a lower boi l ing fraction (Hi 
g.), 00-103° (1.0 m m . ) , a n d a h igher fraction ( d i c y a n o e t h y l a t ion 
p roduc t , 3.5 g . ) . 166-170° ( 1.0 m m . ) . T h e lower boil ing f ract ion 
was dist i i led twice to give 14.5 g. of ma te r i a l boi l ing a t S4 S7° 
'0 .7 m m . ; ; a. s ample boi l ing a t 8 6 - 8 7 ° (0.7 m m . ) was o b t a i n e d 
for ana ly s i s : infrared s p e c t r u m ( f i lm) : 2.08 (sit) , 3.02, 3,40, 
3.50, 4.45, 6.20, O.SO, 7.05, 7.35, 8.85, 0.30 ». 

T h e d ihydrooh lo r ide salt was p r epa red by dissolving 3 g. of t h e 
redist i l led produc t in 40 ml . of abso lu te e thano l and s a t u r a t i n g 

CM)) Microana lyses were performed b y tiie Scand inav ian Mic roana ly t i ca l 
Labora to ry , Kerlev. D e n m a r k , and G a l b r a i t h Labora tor ies , Inc . . Knoxvil lc , 
Tenn . 

(ill! K. ( ' . Wu.anei and J . F. Meyer , 1ml. Kng. Chun.. A mil. lid.. 10, o8t 

(1»:18). 

tetraniin.es
illu.stra.te
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-
M.p., °C. dec." 

290-300^ 
295-300 
312-314.5 s 

298-305 
310-315 
306-308 
300 
300-305 

Carbon, 
Calcd. 

30.01 
32.34 

36.36 
38.30 
43.06 
44.44 
46.95 

% 
Found 

30.01 
32.34 

36.19 
38.41 
43.10 
44.15 
46.73 

. Hyc 
Calcd. 

8.19 
8.45 

8.90 
9.11 
9.64 
9.81 

10.07 

•Tetrahydrochloride— 
irogen, % • 

Found 

8.20 
8.58 

8.98 
9.11 

10.08 
9.78 

10.16 

Nitrogen, 
Calcd. 

17.50 
16.77 

15.47 
14.89 
13.39 
12.96 
12.17 

% . 
Found 

17.42 
16.60 

15.48 
14.74 
13.18 
12.80 
11.96 

' Chlorine, 
Calcd. 

44.30 
42.44 

39.15 
37.70 
33.90 
32.79 
30.80 

% 
Found 

44.22 
42.46 

39.11 
37.65 
33.72 
32.35 
30.70 

of 1 molecule of N,N'-bis(3-aminopropyl)nonane-l,9-diamine and 2 molecules of naphthalene-l,5-disulfonic acid (naponic acid) was 
prepared by mixing warm aqueous solutions of the tetrahydrochloride salt (1 part) and naponic acid disodium salt (2 parts). The 
product was submitted for analysis after recrystallization from water, no m.p. below 310°. Anal. Calcd. for C35H50N4Oi2S,i-2H2O: 
C, 47.59; H, 6.14; N, 6.35; S, 14.53. Found: C, 47.69; H, 6.44; N, 6.31; S, 14.78. ' M.p. 80-82°. * A tetrapicrate mono-
hydrate has been prepared (m.p. 185-190°, alcohol). Anal. Calcd. for C«H50NiA8-H2O: C, 39.35; H, 4.29; N, 18.33. Found: 
C, 39.54; H, 4.65; N, 18.11. { Boiling point obtained under forcing conditions. m Recrystallized from water, m.p. 52.6°. 

the resulting solution with anhydrous HC1. Crystallization of 
the white precipitate (4.6 g.) from aqueous ethanol gave 3.8 g. 
(82% recovery) of white platelets, m.p. 216-219°; infrared spec
trum (KBr) : 3.18 (sh), 3.40, 3.64, 3.82 (sh), 4.00 (sh), 4.04, 4.12, 
4.44, 5.00, 5.35, 6.22, 6.61, 6.72, 6.82, 6.98, 7.08, 7.18, 7.30, 7.48, 
7.64, 7.83, 8.11, 8.64, 9.50, 9.95 M. 

A molecular compound composed of 1 mole of product and 1 
mole of CO2 was prepared by saturating a solution of 1.65 g. 
of free base in 20 ml. of ethanol with dry C02 . The white pre
cipitate (2.07 g., 93%) was separated and purified by dissolving 
the product in a minimal volume of water, filtering off any in
soluble residue, and reprecipitating the carbonate salt by the 
addition of acetone. A sample thus purified was dried at 40° 
in vacuo over phosphorus pentoxide for analysis; m.p. 118-131° 
dec. 

Anal. Calcd. for CBH13Ns-C02: C, 49.11; H, 7.65; N, 
24.54; N / H , 3.21. Found: C, 49.08; H, 7.71; X, 24.31; N / H , 
3.15. 

Agreement of the found N / H ratio with the calculated value for 
this molecular compound and with that of the free base (I, r, = 
3) (calcd. N / H , 3.21) supports the formula assignment of the 
molecular compound. 

N-2-Cyanoethyldodecane-l,12-diamine (I, x = 12).—1,12-
Dodecanediamine (16.4 g., 0.08 mole) was melted in a water 
bath at 70° and to the melt was added dropwise with stirring 5.45 
ml. of acrylonitrile (4.36 g., 0.08 mole). After total addition, 
the bath temperature was raised to 100° and maintained there 
for 3 hr. On cooling, the reaction product hardened into a white 
solid. Vacuum distillation first removed a small amount of 
unreacted diamine, b.p. 102-140° (0.3-1.0 mm.); above a temper
ature of 155° (0.5 mm.), decomposition became excessive and the 
distillation was discontinued. The remaining material weighed 
16.4 g. (79%); infrared spectrum (CHC13): 2.81 (sh), 2.94 
(sh), 3.10, 3.40, 3.50, 4.44, 6.32, 6.85, 7.05, 7.30-7.40, 8.90, 
9 . 1 5 , 9 . 5 0 M-

The dihydrochloride salt (m.p. 228-232°) was obtained in 
the usual manner. 

Dicyanoethylation. N,N'-Bis(2-cyanoethyl)pentane-l,5-
diamine (II, x = 5).—Acrylonitrile (45.2 g., 0.854 mole) was 
added dropwise with stirring and ice bath cooling into 43.6 
g. of 1,5-pentanediamine (0.427 mole). The cooling bath was 
allowed to warm gradually and then heated to boiling, and the 
reaction mixture was maintained at 100° for 3 hr. The flask 
was set for vacuum distillation and the wax bath temperature 
was slowly increased to no higher than 130° with an internal 
pressure of 0.6 mm. A fraction containing unreacted diamine 
and a small amount of monocyanoethylated material was col
lected and the distillation was discontinued. The contents of 
the flask weighed 83.1 g., equivalent to a 9 3 % yield of crude 
product. Vacuum distillation of 18.4 g. of crude product gave, 
with excessive decomposition, 7.9 g. ( 43% recovery) of material 
boiling at 196-204° (0.7 mm.); infrared spectrum (CHC13): 

3.00, 3.10, 3.40, 3.50, 4.45, 6.10 (sh), 6.32, 6.85, 7.08, 7.30-
7.40, 7.58, 8.30, 8.88, 9.15, 9.54 M. 

The dihydrochloride salt was prepared in the usual way, m.p. 
217-220° d e c ; infrared spectrum (KBr) : 3.40, 3.50, 3.58 
(sh), 3.82 (sh), 4.00 (sh), 4.08, 4.15, 4.43, 6.18, 6.43 (broad), 
6.75 (sh), 6.82, 6.95 (sh), 7.10, 7.2S, 7.49, 7.73, 8.08, 8.91, 9.45 
(sh), 9.5511. 

N,N'-Bis(2-cyanoethyl)decane-l,10-diamine (II, x = 10).—A 
flask containing 20.94 g. (0.122 mole) of 1,10-diaminodeeane was 
warmed at 80° in a water bath to melt the diamine. To the 
melt was added dropwise with stirring 16.2 ml. of acrylonitrile 
(12.93 g., 0.244 mole). The temperature was maintained at 
80° for 1 hr. and then raised to 100° for 2 hr. On cooling, the 
reaction mixture solidified (33.6 g., 99%, m.p. 40-45°). The 
product was purified by repeated precipitation from benzene-
petroleum ether (b.p. 60-90°) to give an analytical sample, 
m.p. 47-49°. 

The dihydrochloride was obtained in 87% yield, m.p. 222-225°. 
Catalytic Reduction of Cyanoethylated Compounds. N-2-

Aminoethylpropane-l,3-diamine (III, x = 2).—N-2-Cyano-
ethylethylenediamine (21.9 g., 0.194 mole) was dissolved in 175 
ml. of absolute ethanol. The solution was cooled in an ice bath 
and saturated with ammonia gas at 0°. A teaspoonful (approx
imately 5 ml.) of sponge nickel catalyst22 was added, and the 
mixture was shaken overnight under hydrogen on a Parr low-
pressure hydrogenator at an initial pressure of 3.94 kg./cm.2 

(56.0 p.s.i.) (theoretical hydrogen pressure drop, 2.21 kg./cm.2; 
actual, 2.22 kg./cm.2). The catalyst was removed by suction 
filtration and washed twice with ethanol. The filtrate and 
washings were combined and the ethanol was evaporated on a 
rotary evaporator at the water pump. The crude product showed 
the absence of nitrile absorption in the infrared. A fraction boil
ing at 64-72° (0.3 mm.) was collected by fractional vacuum 
distillation (15.7 g., 69%). Redistillation afforded a fraction 
(12.3 g., 54%) boiling at 63-64° (0.2 mm.), a sample of which 
was used for analysis: infrared spectrum (CHCI3): 2.80 (sh), 
2.93, 3.11, 3.40, 3.50, 6.33, 6.88, 7.29, 7.41, 7.95, 8.41, 8.90, 9.18, 
9.53 ix. 

The trihydrochloride salt was obtained by bubbling anhy
drous hydrogen chloride into a cold alcohol solution containing 
11.4 g. of free base. The white precipitate (21.5 g., 98%, 
m.p. 219-225°) was recrystallized from aqueous ethanol giving 
white prismatic plates, m.p. 220-225° (16.54 g.). Prolonged 
drying (102 hr.) at 75° in vacuo over phosphorus pentoxide raised 
the melting point to 223-228°. A sample melting at this range 
was used for the analysis; infrared spectrum (KBr): 3.42, 
3.50 (sh), 3.70, 3.89, 4.04, 4.15, 6.22. 6.60, 6.73, 6.85, 7.11, 7.21, 
7.41, 7.75, 7.90, 8.62, 8.99, 9.42, 9.61, 9.88, 10.11 M. 

N,N'-Bis(3-aminopropyl)pentane-l,5-diamine (IV, x = 5).— 
A solution containing 15.0 g. of N,N'-bis(2-cyanoethyl)pentane-
1,5-diamine (0.072 mole) and ca. 5 ml. of sponge nickel catalyst 
in 150 ml. of absolute ethanol saturated with NH3 was shaken 
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under hydrogen a t an initial pressure of Ii.87 kg./cm.- (55.0 
p.s.i.) on a Parr hydrogenator. A decrease in hydrogen pressure 
of 1.62 kg./cm.2 was observed (calcd., 1.64). After removal of 
the catalyst, the ethanol was evaporated on a rotary evaporator. 
The residue, on vacuum distillation, yielded a fraction which 
boiled at 144-158° (0.2 mm.) and which hardened into a white 
solid on cooling ((1.78 g., 63 c r ) . Redistillation afforded 7.4s 
g. (7(Y/'( recovery) of material boiling at 144-150° (0.2 mm..): 
a sample boiling at 150° (0.2 mm. i was used for analysis: in
frared spectrum (CHC1,): 2.So (sh), 2.95 (sh'), 3.12, 0.32, (i.Sil. 
(1.95 (sh), 7.30, 7.41 (sh), 7.95, S.92, 9.15, 9.52 M. 

The tetrahydrochloride salt was prepared in the usual manner 
in 74c7- yield, in.p. 29S--3050 dec. after recrystallizaiion from 
aqueous ethanol. 

When a warm solution of 320 mg. of free base (1.5 nimoles! in 
ethanol was added to a warm solution of 1.28 g. (5.0 mmoles) of 
picric acid in ethanol, a yellow crystalline picrate formed in
stantly (1.46 g., 92r

(*). Several recrystallizations from water, 
with belter than 90'v recovery each time, gave a product de-

Whereas the use of the Mannich bases of alkylo-
phenones1 and desoxybenzoin2 as valuable interme
diates for the preparation of physiologically active com
pounds is of long standing, little work has been re
ported3 on the Mannich bases of the /3-phenylpro-
piophenones, either as chemical entities or potential 
pharmaceuticals. 

Taking the substituted phenylpropiophenones (1) 
(Scheme I) we have prepared the Mannich bases (II) 
which with sodium borohydride gave the secondary 
alcohols (III, R6 = H) or with a Grignard reagent 
gave the tertiary alcohols (III, R;, = alkyl, cyclo-
alkyl, phenyl, or aminoalkyl). The tertiary alcohols 
could then be dehydrated by boiling gently with HC1 
in acetic acid to give the olefins (IV) usually as a mix-

(1) (a) F. F. Blicke, Org. Reactions, 1, 303 (1942); (b) A. L. Morrison and 
H. Rinderknecht, J. Chem. Soc, 1510 (1950); (c) A. Pohland, H. R. Sulli
van, and R. E. McMahon, J. Am. Chem. .Soc, 79, 1442 (1957); (d) A. W. 
Ruddy and J. S. Buckley, Jr., ibid., 72, 718 (1950): (e) T. D. Perrine, J. Org. 
Chem., 18, 898 (1953); (f) I. I. Xazarov and E. M. Cherkasova, ./. Gen. 
Chem. USSR, 2B, 2121 (195.5); (g) A. Takada, Chem. 1'harm. Bull. (Tokyo;, 
9, 908 (1961); (h) Von lienno Reichert and A. Mayr. Arzneimittel-Forsch., 
13, 991 (1963); (i) Von Benno and H. Partenlieimer, ibid., 13, 1013 (1963); 
(j) .1. J. Denton, V. A. Lawson, W. B. .Veier. and R. J. Turner, ./. Am. Chem. 
Soc., 71, 2050 (1949); (k) J. J. Denton. W. B. Neier, and V. A. Lawson, 
ibid., 71, 2053 (1949); (1) J. J. Denton. H. P. .Schedl, W. B. Xeier, and V. 
A. Lawson. ibid.. 71, 2054 (1949). 

(2) (a) J. ,). Denton, R. J. Turner, W. B. Neier, V. A. Lawson, and H. P. 
Schedl, ibid.. 71, 2048 (1949); (b) O. L. Madzhoyan and G. M. Pogosyan, 
lzv. Akad. Nauk. Arm. SSR, 13, 357 (1960). 

(3) Since the completion of the work here described, the preparation of 
the dimethylamino and the morpholino Mannich bases of the unsubstituted 
0-phenylpropiophenone has been described: A. Lespagnol, R. Hazard, C. 
Lespagnol, J. C. Cazin, and A. Renier-Cornec. Congr. Sci. Pharm., 21°. 
Pisa. 1961. Conf. Commun., p. 660; Chem. Ab&tr,, 69, 6401 (1963). More 
recently, representative examples of the tertiary alcohols have been de
scribed: A. Lespagnol, C. Lespagnol. .1. C. Cazin. and M. Cazin, Bull. Soc, 
Chim. France, 2747 (1963). 

'•omposing at, 227°. Analysis indicated the sample to be a tet.ra-
picrate monohydrate. The sample was dried at 70° for 72 hr. 
in vacua. 

Anal. Calcd. i,,r C1,H:sX4-4ClllI3X:,()- • H,(): ('. 30.53: H, 
3.08: \ , 19.47. Found: 0 ,36 .51: 11,3.78: X. 19.54. 
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ture of cis-trans isomers. With ethylinagnesium 
bromide as the Grignard reagent the resulting tertiary 
alcohol (III, R, = R, = H:"R, = R4 = CH8: R-, = 
CH3CH2) could theoretically dehydrate in both of 
two ways to give the olefin of type IV and, by elim
inating a proton from the ethyl group, compound VI. 
In earlier work,4 the somewhat simpler tertiary alcohol 
VII eliminated away from the ethyl group to give VIII 
analogous to type IV. However, our dehydrated 
material was shown to be VI by both the isolation 
of acetaldehyde as its 2,4-dinitrophenylhydrazone 
from the products of ozonolysis and the n.m.r. spectrum 
which showed two pairs of doublets (mixture of cis-
trans isomers) at r 3.9-4.2, indicative of a vinyl proton. 

The catalytic reduction of these dehydrated com
pounds (IV) proceeded well only when Rb was an alkyl 
group; when R5 was phenyl, the alkane (V) was pre
pared directly from the substituted benzhydrol (III, 
R.5 = CsH.O by reduction with sodium in liquid am
monia. 

The pyridyl chalcone IX obtained by condensing 
2-acetopyridine with benzaldehyde3 gave, on reduction, 
the analogous alkanone6 which with phenyllithium 
gave the tertiary alcohol X; the same alcohol was ob
tained by reacting 2-pyridyllithium with (3-phenyl-
propiophenone, though in neither reaction was the 
yield good. With hydrazine and sodium ethoxy-
ethoxide7 the pyridyl chalcone IX gave the pyridyl-

(4 ) J. H. Burckhalter and S. 11. Johnson, ,/. Am. Chem. Soc, 73, 4827 
(195 i ). 

f.V) (.'. S. .Marvel, 1.. K. Coleman, and G. 1'. Scott, ./. Org. Chem., 20, 1785 
.1955). 

(6) A. Pinner, Ber., 34, 4234 (1901). 
i 7) G. Lardelli and O. .leger. Heir. Chim. Ada, 32, 1817 (1919). 
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Various substituted /3-phenylpropiophenones, obtained by hydrogenating the appropriate chalcone, have been 
allowed to react with secondary bases and formaldehyde to give the Mannich bases I I . These have been re
duced or treated with Grignard reagents, the resulting alcohols have been acylated and dehydrated, and the 
olefinic products of dehydration have been hydrogenated to the paraffins. Cyclization of the chalcones pro
vided a series of substituted indanones which were treated in the same manner as the (3-phenylpropiophenones. 
Many of the compounds prepared had interesting pharmacological activities. 


