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warming to complete the reaction, was intended to 
decrease the possibility of dicyanoethylation. How- 
ever, with the lower niolecular 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 sonietinies by extensive deconipo- 
sition. 
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2 moles 
CHn=-CHCK 

THCH?CH.CN SHCHZCHICHZSH~ 
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Treatment of the diamine with 2 equiv. of acrylo- 
nitrile following the same reaction conditions as before 
afforded the symmetrically dicyanoethylated coni- 
pounds I1 listed in Table 11. In  one case, where x = 9, 
the dicyanoethylated compound was also prepared by 
the addition of 1 equiv. of acrylonitrile to purified 
monocyanoethylated compound. KO advantage in 
quality or quantity of product could be observed by 
this alternate route. All the dicyanoethylated coni- 
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, r\‘,Ki’-bis(2-cyano- 
ethyl) nonane-l,g-diamine and X,X’-bis (2-cyanoethy1)- 
dodecane-1,12-dianiine (11, x = 9 and 12, respectively) 
were characterized only as their dihydrochloride salts. 
An analytical sample of X,N’-bis(2-~yanoethyl)decane- 
1,lO-diamine (11, 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 mere prepared by introduction of 
anhydrous HCl into an alcoholic solution of the free 
base, followed by recrystallization of the precipitate 
from absolute ethanol or water-alcohol mixtures. 

Of the sixteen trianiines (111) and tetraniines (IV) 
which we have prepared, only five have been previously 
described in the chemical literature. Spermine has 
been prepared from Y,N’-bis(2-cyanoethyl)butane-1,4- 
diamine, and C14-labeled spermine and spermidine 
 ere obtained by Jackson and Rosenthall7 from a crude 
putrescine-acrylonitrile reaction mixture; in each 
instance Raney nickel was employed at elevated 
temperatures and high pressures for the reduction. 
Po  ppelsdorf and I\ Iyerly18 obtained X-2-aminoet hyl- 
propane-l,3-diamine (IFr, R: = 2) as a by-product from 
the cyclization of S-2-cyanoethylet hyleriedianiine to 
hoiiiopiperazirie by means of Girdler G-49A nickel 
catalyst at high temperature and pressure. Reduction 
of 6-(S-2-cyanoethyl) aiiiinohexanenitrile to S-3-amino- 
propylhexane-1,G-diamine (111, R: = 6) by means of 
Raney cobalt has been described.lg Terent’ev, Kost, 
and Churshina have reported the preparation of 
bis(3-aniinopropy1)aniine by sodiuiii-potassium alloy 
reduction of 3,3’-iminodipropionitrile in 22y0 yieldsz0 
However, these authors claim that reduction of S-2- 
cyanoethylpropane-l,3-diaiiiine (I, R: = 3), for which 
they report a boiling point 100’ greater than for our 
on n sample, afforded only 1,5-diazacyclooctane in- 
stead of the expected straight-chain trianiine.21 

The synthesis of spermine, spermidine, and other 
polyamines prepared during this investigation has been 
accomplished by catalytic hydrogenation of the cor- 
responding cyarioethylat ed 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 mas shaken on a Parr low-pressure 
hydrogenator in the presence of sponge nickel catalystz2 
at room temperature at an initial hydrogen pressure of 
2.81-3.87 kg./cm.2 (40-55 p.s.i.). As previously noted 
for dethiation reactions,22 this catalyst required an 
apparent bulk densityz3 of 0.8-1.0 in order to be ef- 
fective as a hydrogenation catalyst under these condi- 
tions. The presence of aniinonia n7as intended to 
suppress the foriiiation of secondary amines during 
reduction of the nitriles,24 and no secondary amine 
by-product resulting froni reduction of the nitrile was 
ever detected. 

This use of sponge nickel catalyst is apparently the 
first instance in which a coiiimercially 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. XI. Rosenthal, J. Org.  Chem., 25, 1055 (1960). 
(18) F. Poppelsdorf and R. C. hIyerly, zbtd., 26, 131 (1961). 
(19) Badische Anilin- B Soda-Fabrik, German Patent 896,650 (1953): 

(20) A. P. Terent’ei ,  K. I. Churshina, and.$. N. Iiost ,  Zh.  Ohshch. Khzm., 

(21) A.  P. Terent’ev, A. S. Kost, and IC. I. Churshina, tbid.. 21, 268 
(1951). 

(22) Available under water in 32-kg. pails, 50% solids, as sponge nickel 
hydrogenation catalyst, grade 986, from the Da\ ison Chemical Dirision. 
W. R. Grace and Co., Baltimore, AId. We have recently reported on the 
nature and use of this catalyst for the dethiation of sulfur-containing pyrim- 
idines [H. K. Schlein, M. Israel, S. Chatterlee, and E. J. Modest, Chem. 
Ind .  (London), 418 (1964)l. 

(23) The apparent bulk density is calculated by measuring the dry (110’1 
xeiaht per unit volume of a settled aqueous suspension of the catallst.22 

(24) J. C. Robinson. Jr., and H. R. Snyder, “Organic Syntheses,” Coll. 
Vol. 111, John Wiley and Sons, Inc., Kea York, S. Y., 1955, p. 720. 

Chem. Abstr.,  62, 12894d (1958). 

20, 1073 (1950). 
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7 Dill ydrocliloride - 
\r.p. ,  O C .  --Carbon, 7'- -Hydrogen. 70-7 -Nitrogen, 70- -Chlorine, %-- 
(solren tc) Calcd. Found Calcd. Found Calcd. Found Calcd. Found 

129-131' ( C )  32.26 32.07 7.05 7.17 22.58 22.21 38.10 37.89 
216-218' (C)  36.01 36. 17 7.55 7.62 21.00 20.98 35.44 35.43 
207.5-211 (B)  39.26 39.39 8.00 8.16 19.62 19.36 33.11 32.95 
189-190 ( A )  42.11 42.11 8.39 8.52 18.42 18.27 31.08 31.01 
204-207 (-4) 44,63 44.64 8.74 8.75 17.35 17.05 29.28 29,55 
206-208 (A)  50.70 50.71 9.59 9.64 14.78 14.73 24.95 24.99 
219-222 ( A )  52.34 52.44 9.80 Y,67 14.08 13.89 23.78 23.69 
228-232 ( A )  55.21 55.01 10.19 10.23 12.88 12.92 21.73 21.67 

man and J. Sinion [ J .  Org. Chem., 22, 259 (1957)l reported hygroscopic needles, m.p. 129-131"; our product showed no evidence of 
hygroscopicity. Some dicyano- 
ethylated product also formed. Low- 
melting solid. White solid, m.p. 34-38', Extensive decomposition on heating. 79% crude yield. 

Q Lit.** b.p. 203-206' (3.0 mm.) for free base and decomposition above 180" for dihydrochloride. 
Dicyanothylated compound also present in 15% yield. j Some decomposition on distillation. 

RLp., " C .  (solventc) 

192-203 (C) 
240 der. ( D )  
233-23gh dec. ( C )  
217-220 dec. (B)  

222-235 dec. (-4) 
228-232 (C) 

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 

Dihydrochloride--- 
-Hydrogen, %-- 
Calcd. Found 

6.74 6.91 
7.16 7.16 
7.54 7 66 
7 .88  7.89 
8.19 8.36 
8.96 8.99 
9 .18  8 .98  
9.56 9.68 

---Nitrogen, 70- 
Calcd. Found 

23.43 23.30 
22 13 22.01 
20 97 20.97 
19.92 20.14 
18.98 18.96 
16.61 16 80 
15.95 15.81 
14.77 14.66 

--Chlorine, %- 
Calcd. Found 

29 65 29. .59 
28 01 27 98 
26 54 26 52 
25 22 25 26 
24 02 r 3  88 
21 02 21 25 
20 18 20 14 
18 69 18 65 

Richardson [British Patent 613,807 (1948)l reported b.p. 186-192' (0.2 mm.). e Obtained in 25y0 yield as by-product of the niono- 
ryanoethylation reaction. QPreviously reported to be nondistillable even a t  pressures of 0.01 mm. 

3 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'. 

f Lit.21 b.p. 263-265" (3.0 mm.). 
Lit. m.p. 232-233' dec.,15 243-244".16 * Lit.d b.p. 23C-238" (2.0 mm.). 

--- ---- - Trihydroc hloride---------- _- 
--Carbon. %-- Y H y d r o g e n ,  70- -Nitrogen, '%-- -Chlorine, %-- 

M.p.,  ' C .  (solventc) Calcd. Found Calcd. Found Calcd. Found Calcd. Found 

223-228 (B) 26,50 26.44 8 .01  8.00 18.55 18.63 46,94 46.72 
270 dec." (C)  29,95 29.89 8.38 8.47 17.47 17.36 44.21 44.37 

25c252 (-4) 35.76 35.78 9.00 9.13 15.64 15.64 39.57 39.61 
254-256 (B)  38.24 38.15 9.27 9.30 14,86 14.74 37.63 37.59 
279-282 dec. (B)  44.37 44.28 9 .93  9,90 12.94 12.92 32.75 32.97 
283-286 dec. (B)  46.09 46.06 10.12 10.17 12.41 11.93 31.40 30.90 
29C-295 dec. (B)  49.12 49.23 10.45 10.43 11.46 11.38 29.00 28.94 

355-257' (B) 

with that obtained from an authentic sample of spermidine (from L. T,ight and Co., Ltd., Colnbrook, Bucks, England) and purified by 
vacuum distillation [h.p. 84-86' (0.2 mm.)]. Lit.lg b.p. 104" (0.4 mm.) and m.p. 38.4". 
j Low-melting solid. IC 1T.p. 56-59'. h1.p. 57-66'. 

Lit." m.p. 257-258". * A1.p. 37-39". 

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 triainines and tetramines thus obtained, 
except IV (a  = 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 
I11 and IV. 
Biological Activity.-Of the 32 compounds reported 

in this paper, all but two (IT.', 5 = 10 and 12) have 
been examined in various in vitro and in vivo bioassay 
svstems a t  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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(281 l'lir four  t i i i r iu r  screen incliides tlle fu l luu io i .  traris~>k:intahle nioiise 
tumors:  L1210 ascitic lymphatic leukemia in the l iFD,ll  hybrid. PI534 
lymphatic leukemia in the 1)13.\,'2 inbred, ('1498 myelogenous leukemia iii 
t h e  ('57131. ..'ti inbred. and DURI3 mammary carcinoma in tile DE.i/I  inhred 
strain. The standard assay procedures liave been described [C. L. l l addoc i i .  

' . lrigio, d. Farher, and .\. H. Handler, A n n .  .Y. 1'. .-lcnd. Sci.,  89, 38(i 

(29)  G .  E. I'uley and 11. E:iyle, C a n r c r  l i e s . ,  18, 1012 ill 
a n d  G .  1:. Foley, ih id . ,  18, l O l i  ( l R 5 8 ~ .  
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-Carbon, %-- --Hydrogen, %- -Nitrogen, YG-- --Clilorine, R--. 
Rl.p., O C .  dec.c Calcd. Found Calcd. Found Calcd. Found Calcd. Found 

290-300d 30,01 30.01 8.19 8.20 17,50 17.42 44.30 44,22 
295-300 32.34 32.34 8.45 8.58 16.77 16.60 42.44 42.46 
3 12-3 14.5' 
298-305 36.36 36.19 8.90 8.98 15.47 15.48 39.15 39.11 
310-315 38.30 38.41 9.11 9.11 14.89 14.74 37. 70 37,65 
306-308 43.06 43.10 9 .64  10.08 13.39 13.18 33.90 33.72 
300 44.44 44.15 9 .81  9.78 12.96 12.80 32. 79 32.35 
3OQ-305 46.95 46.73 10.07 10.16 12.17 11.96 30.80 30.70 

of 1 molecule of N,?j'-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  part's). The 
product was submitted for analysis after recrystallization from water, no m.p. below 310". Calcd. for C3jHjOS401&.2H?O: 
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. 11.p. 80-82". IC .4 tetrapicrate mono- 
hydrate has been prepared (m.p. 185-190", alcohol). Anal. Calcd. for C4aHjOll',,028.H,T): C, 39.35; H, 4.29; N,  18.35. Found : 
C, 39.54; H, 4.65; X, 18.11. Boiling point obtained under forcing condit,ions. Recrystallized from water, m.p. 52.6". 

-4nal. 

the resulting solution with anhydrous HC1. Crystallizat'ion of 
the white precipitate (4.6 g.) from aqueous ethanol gave 3.8 g. 
(827, 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, d.00, 5.35, 6.22, 6.61, 6.72, 6.82, 6.98, 7.08, 7.13, 7.30, 7.48, 
7.64, 7.83, 8.11, 8.64, 9.50, 9.95 p. 

A molecular compound composed of 1 mole of product and 1 
mole of COS was prepared by saturating a solut'ion of 1.65 g. 
of free base in 20 nil. of ethanol with dry CO2. The whit'e 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 CeH13K3.COS: C, 49.11; H, 7.65; N, 
24.54; N/H, 3.21. Found: C, 49.08; H, 7.71; S, 24.31; S / H ,  
3.15. 

Agreement of the found N/H ratio with the cnlculated value for 
this molecular compound and with that of the free base (I, 7: = 
3) (calcd. X/H, 3.21) supports the formula assignment of the 
niolecular compound. 

N-2-Cyanoethyldodecane-1,lZ-diamine (I, z = 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 st'irring 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 t'emper- 
ature of 155' (0.5 mm.), decomposition became excessive and the 
distillation was discontinued. The remaining material weighed 
16.4 g. (797,); 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, 
9.15, 9.50 p. 

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

Dicyanoethylation. N,N'-Bis(Z-cyanoethyI)pentane-1,5- 
diamine (11, z = 5).-Acrylonitrile (45.2 g., 0.854 mole) was 
added dropwise with stirring and ice bath cooling into 43.6 
g. of 1,5-pentanediarnine (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 monocyanoethylat,ed material was col- 
lect'ed and the distillation was discontinued. The contents of 
the flask weighed 83.1 g., equivalent to a 93% yield of crude 
product. Vacuum distillation of 18.4 g. of crude product gave, 
with excessive decomposition, 7.9 g. (43c0 recovery) of material 
boiling a t  196-204" (0.7 nim.); infrared spectrum (CHCla): 

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~. 

The dihydrochloride salt was prepared in the usual way, m.p. 
217-220" dec.; 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, 7.28, 7.49, 7.73, 8.08, 8.91, 9.45 
(sh), 9.55 p. 

N,N'-Bis(2-cyanoethyI)decane-l,l0-diamine (11, z = lo).-A 
flask containing 20.94 g. (0.122 mole) of 1,lO-diaminodecane was 
warmed a t  80" in a wat,er 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 benxene- 
petroleum ether (b.p. 60-90") to give an analyt,ical sample, 
m.p. 47-49". 

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

Aminoethylpropane-1 ,I-diamine (111, 5 = 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 bat,h 
and saturated with ammonia gas a t  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 a t  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."). The catalyst was removed by suction 
filtration and washed twice with ethanol. The filtrate and 
washings were conhined and the ethanol m*as evaporated on a 
rotary evaporator at the wat,er pump. The crude product showed 
the absence of nit,rile absorption in the infrared. 4 fraction boil- 
ing at  84-72" (0.3 nini.) was collected by fractional vncuum 
distillation (15.7 e., 69%). Redistillation afforded a fraction 
(12.3 g., 54%) boiling at  63-64' (0.2 nim.), a sample of which 
Tvas used for analysis: infrared spect,runi (CHC12): 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, 
0.53 /.l. 

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., 9 8 5 ,  
m.p. 219-225') was recrystallized from aqueous ethanol giving 
white prismatic plates, m.p. 220-223' (16.54 g.). Prolonged 
drying (102 hr.) a t  75" in unmo over phosphorus pentoside raised 
the melting point to 223-228". A sample melting at, this range 
mas used for the analysis; infrared spect,rrini (KBr): 3.42, 
3.50 (sh), 3.70, 3.80, 4.04, 4.15, 6.22. 6.60, 6.73, 6.85, 7.11, 7.21, 
7.41, 7.75, 7.90, 8.62,8.90, 9.42, 9.61, O.SS, 10.11 p. 

N,N'-Bis( 3-aminopropyl)pentane-1,5-diamine (IV, z = 5).- 
A solution conhining 15.0 g. of N,N'-bis(2-cyanoethyl)pentjane- 
1,j-diamine (0.072 mole) and ca. 5 nil. of sponge nickel catalyst 
in 150 nil. of absolute ethanol saturated with NH3 was shaken 




