
TABLE 5. 2-Aminomethyl Derivatives of Benzofuran (XI)-(XIX) 

~ o  

XI 

X l I  

X I I I  
XIV 
XV 

XVI 
XVII  

X V I I I  
X I X  

~S 

76 

100 
74 
76 
93 
74 
86 
98 
59 

47,2  
44,3  

P 

119--20 
177--80 

93 - -4  
212- -4  
233--5  
176- -8  
132--4 
224- -6  
193--4 

105--7 
116--8 

81,211 
67,66 I 
77,57 I 
09, 8O ] 
60,051 
57,55 1 
74,64 I 
63, 48 I 
65,07 I 
78,0O i 
64, 17 
81,51 
79, 55 

I 

Found, % 

H Hal 

6,51 
6,11 
6 ,58 ~6,~0 I~,5o 

15,11 28,36 
15,30 8,76 
15,72 8,91 
15, 32 27, 20 
16.12 20,89 
16,64 
|6 ,  IO 1~,66 
16.o5 
16,95 

Formula 
Calculated, % 

I I  
7,79 C==Hs4N=O 81,49 6.56 
- -  CsIHz,N=O- 2 H C I  68,02 5,94 

CI,HtpNOs 177,791 6, 53 
Cx,Hx,NO=. HCi [69,191 6. I I 
C=oH=oBrNO. HCI |69,05] 5, 20 
CjIH=oBrNO- HCI |57, 81J 5,36 

~,97 C=sH=aCIN=O 174,53] 5 ,75  
CIsHz3CINzO-2HCI /68, 10[ 5,30 
CI,H~CINO'HC1 /65, 14i 6 ,04  

7":, 08 ~ C=,H=,N,=O= [78,461 6,58 
C=,H==NtO=. 2HCI |63,801 6, 18 

~,37 C=,Hz.N,=O | 81 ,64  6 ,85  
0,21 CaeHsaN40 ]79,67 7.06 

/ 

Hal N 

7,60 

28,3(} - -  
8,9a - -  
8,80 6,95 

22,35 5,89 
20 .24  7":, O 3 

14 ,50  
7,32 

1 0 , 3 2  

2,5-Bis(N-phenylpiperazinomethyl)-3,phenytbenzofuran (XIX) was prepared in the same way but by the 
reaction of 2,5-bis(bromomethyl)-3-phenylbenzofuran (0.01 mole) with the secondary amine (0.04 mole). 
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Among acridine derivatives 3,6-diaminoacridines (acridine orange, AO; proflavin; etc.) occupy a special 
place by virtue of their remarkable biological activity (antimitotic, mutagenic, the ability to inhibit enzymes), 
which stems from their high affinity for nucleic acids [1, 2]. 

By penetrating into the living cell, many acridine derivatives, notably 3,6-bis(dimethylamino)acridine (AD), 
cause the cell structures to become luminscent [3]. Moreover AO suppresses the formation of Yoshida ascites 
tumor [4]. These facts have motivated the synthesis and study of derivatives of AO. 

We have previously examined the nitration of, reduction of the nitro group in, and attachment of an alde- 
hyde group to AO [5]: 

Our intention in the work reported here was to synthesize derivatives of AO 4,5-diamine and 4,5-diearb- 
aldehyde and examine their biological activity. 

We used the reaction of 3,6-bis(dimethylamino)-4,5-diaminoacridine with the azlactone of N-acetylsareoly- 
sine, prepared from N-acetylsarcolysine and dicyclohexylcarbodiimide (DCC) in DMF following Siemion [6], to 
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synthesize diamide (I). Our intention here  was to evaluate its ant i tum0r action, since sarco lys ine  amides are  
known to have a specif ic  ant i tumor action and to be less  toxic than sarcolys ine  [7, 8]. 

6 O--O =O 

We prepared  the hydrazones  (II), (III), and (IV) by heating 3 ,6-bis (d imethylamino)acr id ine-4 ,5-dicarbalde-  
hyde with aminoguanidine, th iosemiearbaz ide ,  and N,N-bis (2-chloroethyl)hydrazine.  Reaction with N,N-bis (2- 
chloroethyl)-p-phenylenediamine gave azomethine (V). 

/ 

OH OH N' N' 

8 

\ 

OI~I C~IO 

F-" I~ 2= -O~H4-N(OH2GH~tO1)2 

Elemental  analyses  indicated that the react ion of AO 4,5-dicarbaldehyde with N,N-bis(2-chloroethyl)hy-  
drazine and N,N-bis(2-chloroethyl)-p-phenylenediamine involves only one of the aldehyde groups,  whereas both 
reac t  with th iosemicarbazide  and aminoguanidine. 

We ver i f ied  the s t ruc tu res  of the synthetic compounds by examining the IR spec t ra  of AO, the 4 ,5-di-  
carbaldehyde,  and compounds (II)-(V), together  with those of some model compounds. 

The IR spec t rum of AO 4,5-dicarbaldehyde contains an intense absorption band at 1665 cm -1, which is 
absent f rom the spec t rum Of AO. We assign it as a ldehyde -ca rbony l s t r e t eh ing .  Though aromat ic  aldehyde ca r -  
bonyl is known to absorb in the 1710-1695 cra -1 region, its absorption is s trongly substi tuent-dependent [9]. 
The absorption in the model compounds appears  at 1685 cm -I in 2-dimethylamino-5-methylbenzaldehyde [10] 
(1704 cm -1 in benzaldehyde) and at 1690 cm -1 in 4-acr id ineearbaldehyde,  i.e.,  the dimethylamino group has a 
g rea t e r  effect  on the position of the a l d e h y d e - c a r b o n y l  band. 

Obviously the position of the carbonyl  band in AO 4,5-dicarbaldehyde is also due more  to the effect  of 
the dimethylamino group. 

The carbonyl  band pe r s i s t s  in the spec t ra  of compounds (IV) and (V), implying the formation of the mono- 
hydrazone (IV) and the monoazomethine (V). The carbonyl  absorption appears  at 1740 cm -1 in monoazomethine 
(V) and at 1661 cm -1 in the carbonyl  compound (IV). 

The aldehyde carbonyl  band is absent f rom the IR spec t ra  of compounds (II) and (III), thus supporting the 
assignment of the i r  s t ruc tures .  Moreover  the high-frequency region contains three  s t rongly broadened bands 
at 3440-3360, 3250-3200, and 3185-3040 cm -~, due to the NH group in compounds of the th iosemiearbazone type 
[11]. The IR spec t rum of compound (III) also contains an absorption band at 1540 cm -l ,  which can be assigned 
to a thione group attached to amino [12]. 

We examined the ability of compounds (II), (IV), and (V) to inhibit nucleic acid synthesis  in tumor  cell  
cultures by the method descr ibed  e a r l i e r  [13]. Our resul ts  a re  summar ized  in Table 1. 

We also evaluated the ant i tumor activity of compounds (IV) and (V) in mice by in t raper i toneal  adminis t ra-  
tion. The resu l t s  also appear  in Table 1. The tes t  compounds displayed moderate  in viv 0 activity and high in 
vi t ro  activity. 

We also examined the antiviral  activity of bis(aminoguanylhydrazone) (II), by assaying its virucidal  action 
against influenza A2 Hong Kong/68 virus  in chick embryos  and white mice. The preparat ion was re la t ively  in- 
active. 
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TABLE 1. Inhibition of in vi t ro  Nucleic Acid Synthesis and i._n 
vivo Ant i tumor  Act ivi ty  of  the Synthetic Compounds 

C o m  - 
pound 

II 
IV 

LD 50, 

p g/g 
EDs0, 

NK-LI 

g/ml Therapeutic 
�9 dose (~ g/kg: 

sarcoma 37 land mode ol ladministra- 
itlOl] 

T u m o r  

60 

t50 1 - - 1 0  

50 
0,1 --0,001 

10--20 

I 0 X 5/24 

15 x 5/24 

AC-755 
S-3q 
Lewis. lung 

c a r c l n o l T l a  
[AC: 755 
S- 37 
.ewis .tung 
carcinoma 

Note. 
of  nucleic acid synthes is  re la t ive  to the control.  

Inhibition of 
growth of 
t LliTIO/, ~ 

44 
5 

20 

51 
45 
44 

Here  EDso is the concentrat ion that causes  50% inhibition 

Bis ( th iosemicarbazone)  (III) had ant i tuberculos is  act ivi ty  in 1 : 64,000 dilution in the absence of blood 
se rum.  

EXPERIMENTAL PHARMACOLOGICAL PART 

Ant i tumor  act ivi ty  was a s sayed  in CsTB1/6hybrid mice and non- inbred  mice against  the t ransplantable  
t u m o r s  adenocarc inoma 755 (AC-755), s a r coma37(S -37 ) ,  andLewis  l ungca rc inoma .  T h e p r e p a r a t i o n s w e r e f i r s t  
admin i s t e red  48 h af ter  t ransplanta t ion ,  and then a total  of five t imes  at 24 h in terva ls  ( intraperi toneal ly) .  Ani-  
mals  were  killed seven days a f t e r  the las t  adminis t ra t ion .  The t umor s  were weighed and the percen tage  inhi- 
bition of the growth of the t u m o r  was evaluated f rom the equation 

T% = [ ( P c - P 0 ) / P c ]  �9 1 0 0 %  

where Pc and Po denote the average  weight of  the t u m o r s  in the control  and the expe r imen ta l  group respec t ive ly .  

E X P E R I M E N T A L  C H E M I C A L  P A R T  

The IR spec t ra  were r eco rded  on an IR- lo  spec t ropho tomete r  in CC14 o r  pe r f luorocarbons .  

3 ,6 -Bis (d ime thy lamino) -4 ,5 -b i s  (N-ace ty l sa rco lysy lamido)ac r id ine  (I). A solution of N-ace ty l s a r co lys ine  
(0.7 g, 0.002 mole) [14] and DCC (0.41 g, 0.002 mole) in d ry  DMF was left at r o o m  t e m p e r a t u r e  for  5 h. The 
prec ip i ta ted  d icyclohexylurea  was f i l tered off and a solution of AO 4,5-diamine  (0.3 g, 0,001 mole) in the same  
solvent was added to the f i l t ra te .  The mixture  was left at r o o m  t e m p e r a t u r e  for  24 h. Hal f  the solvent was 
s t r ipped under  vacuum without heat ing and the newly prec ip i ta ted  dicyclohexylurea  was f i l tered off. The f i l t ra te  
was poured into water .  The prec ip i ta te  was f i l te red  off, dried,  and washed with pe t ro l eum e ther  and then with 
e the r  to give (I) (0.4 g, 53%), mp 103-106~C. Found, %: C 59.06; H 6.06; N 13.74; C1 14.84. C47HytN904C14. 
Calculated,  %: C 59.2; H 6.03; N 13.25; C1 14.9. 

3 ,6 -Bis (d imethy lamino)aer id ine-4 ,5 -d ica rba ldehyde-b i s (aminoguanylhydrazone}  (II). To a solution of 
aminoguanidine hydrochlor ide  (0.22 g, 0.002 mole) in d ry  ethanol (minimum amount) was added sodium meta l  
(0.046 g, 0.002 mole). The prec ip i ta ted  sodium chloride was f i l tered off and a solution of 3 ,6-bis(dimethylamino)  
ac r id ine -4 ,5 -d iea rba ldehyde  (0.32 g, 0.001 mole) in ethanol (50 ml) was added to the f i l t ra te .  Af te r  1 h reflux,  
the red crys ta l l ine  prec ip i ta te  was f i l te red  o f f t o  give (tI) (0.2 g, 46%), mp 280~ Found, %: C 58.28; H 6.05; 
N 35.35; C21H27Nli. Calculated,  %: C 58.2; g 6.29; N 35.51 

3 ,6 -Bi s (d ime thy lamino)ac r id ine -4 ,5 -d ica rba ldehyde-b i s ( th iosemica rbazone)  (HI). To a solution of 3 ,6 -b i s -  
(d imethylamino)acr id ine-4 ,5-d icarba ldehyde  (0.32 g, 0.001 mole) in  d ry  ethanol (80 ml) acidified with acet ic  acid 
(2 drops) was added a solution of t h io semica rbaz ide  (0.27 g, 0.002 mole) in wa te r  (1 ml). Af te r  2 h ref lux,  the 
prec ip i ta te  was f i l t e red  off and washed with ethanol and hot wa te r  to give reddish orange c rys t a l s  (0.21 g, 54%), 
mp 210~ Found, %: C 53.99; H 5.26; N 26.38; S 13.4; C21H25N9S2. Calculated,  %: C 53.9; H 5.4; N 27.0; S 
13.7. 

3•6-Bis(dimethy•amino•acridine-4'5-dicarba•dehyde-N•N-bis(2-ch••r•ethyl)hydrazone (IV). To a s t i r r ed  
suspension of 3 ,6 -b i s (d imethy lamino)ac r id ine -4 ,5 -d ica rba ldehyde  (0.96 g, 0.003 mole) in dry  methanol  (50 ml) 
heated to 50~ was added per t ionwise  N,N-bis (2-ch loroe thyl )hydraz ine  hydrochlor ide  (0.77 g, 0.004 mole) [15]. 
Af ter  30 rain reflux, methanol  was s t r ipped under  vacuum. The oily prec ip i ta te  was t r ea t ed  with t r i e thy lamine  
(TEA) (2 ml) and left for  1.5 h, whereupon the excess  TEA and its  hydrochlor ide  were r insed off with water .  
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The red precipi ta te  was crys ta l l ized f rom ethanol to give (IV) (0.8 g, 54%), mp 142~C. Found, %: C 59.80; 
H 5.95; N 15.55; C115.25; C23H~7N5OCI ~. Calculated, %: C 60.00; H 5.87; N 15.21; C115.40. 

Monoazomethine of 3,6-Bis (dimethylamino)acridine-4,5-dicarbaldehyde and N,N-Bis (2-chloroethyl)-p-  
phenylenediamine (V). To a suspension of N,N-bis(2-chloroethyl)-p-phenylenediamine hydrochlor ide (1.08 g, 
0.004 mole) [16] in dry  benzene (70 ml) was added TEA (0.56 ml, 0.004 mole). The mixture was shaken for sev- 
e ra l  minutes and TEA hydrochlor ide was f i l tered off. A suspension of 3 ,6-b is (d imethylamino)acr id ine-4 ,5-di -  
carbaldehyde (0.62 g, 0.002 mole) in dry  benzene (30 ml) containing acetic acid (2-3 drops) was added to the 
fil trate.  After 1 h reflux,  benzene was stripped. The residual  oil was t r i tu ra ted  with smal l  portions of 25% 
ammonia solution and then dried and washed with e ther  to give (V) (0.8 g, 66.5%), mp 10TC. Found, %: C 63.13; 
H 6.14; N 12.81; C112.82; C29H3~N5OC12-H20. Calculated, %: C 62.8 ;H 5.97;N 12.65; C112.84. 
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