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Abstract. Seventy-two Schiff 's  bases, 44 corresponding secondary 
amines, and 12 N-acetylated compounds were tested on their growth ac- 
tivity. Eighty-one compounds were active as growth inhibitors in at least 
one of three bioassays. 

Lunularic acid, a bibenzyl derivative, is a naturally occurring growth inhibitor 
in liverworts (Valio and Schwabe 1970). By reason of the structural similarity 
of bibenzyls with Schiff's bases and the corresponding secondary amines, we 
have synthesized numerous Schiff's bases, the corresponding secondary 
amines, and the acetylated compounds and report subsequently on their plant 
growth activities (Scheme 1). The results of this publication are put down in 
three patents (Huneck et al. 1976, Grimmecke et al. 1976a, Grimmecke et al. 
1976b). 

Materials and Methods 

All Schiff's bases were prepared by condensation of aromatic aldehydes with 
aromatic primary amines and characterized by their elemental analysis and 
their IR spectra. Reduction of the Schiff's bases with Raney-Ni or lithiumal- 
uminiumhydride yielded the corresponding secondary amines; N-acetylation 
was done with acetic anhydride in pyridine. Addition of nitromethane to N- 
(benzylidene)aniline gave the amine 113 and reduction of 113 gave the amine 

I Present address: Institute of Technical Chemistry of the Academy of Sciences of the GDR, GDR- 
705 Leipzig, Permoserstrasse 15, German Democratic Republic. 



76 S. Huneck  et al. 

ularic acid 
OH 

R # 

Schif f 's base 

R 

R D 

~ l ~ n ~ R n =  H : secondary amine 
R 

R"= Ac : acetylated secondary 
amine Scheme 1. 

114. The imidazole 69 was made from benzaldehyde and o-phenylenediamine 
and subsequent dehydrogenation with oxygen. Addition of trichloroacetic acid 
to 1 and 47 yielded the corresponding trichloroacetates 71 and 72 (Scheme 2). 

Schiff s Bases 

Equimolar amounts of aldehyde and amine are dissolved in the necessary 
amount of ethanol and heated under reflux for 5 min; excess solvent is removed 
by distillation, and the solid base filtered and recrystallized from ethanol. 

2-Phenyl-benzimidazole (69) 
The Schiff's base 45 (1 g) is heated with hydrochloric acid (1 N, 5 drops) in 
ethanol (20 ml) under reflux for 30 min, the solvent removed, and the residue 
recrystallized from ethanol-water. 

N-(Benzylidene)aniline trichloroacetate (71) and N,N'-(dibenzylidene)-p-phen- 
ylenediamine di-trichloroacetate (72) 
The corresponding Schiff's base (4 mmol) is heated with trichloroacetic acid 
(4 mmol, 0.654 g per C = N - group) in toluene (50 rnl) to 100~ for 30 min 
and the solid adduct recrystallized from toluene. 

a-Nitromethyl-benzyl-phenylamine (113) 
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C6H5-CH=N-C6H 5 + CH3NO 2 

N-(benzylidene) nitro- 

aniline methane 

C6H5-iH-NH-C6H 5 

CH2-NH 2 
phenyl-Ot-aminomethyl- 

benzylamine 

-.-) 

LiAIH 4 
C6H5-~H-NH-C6H 5 ----) 

CH2-NO 2 

phenyl-O(-nitromethyl- 

henzylamine 

+ H2N 

C6H5CHO 
H2N 

benzaldehyde 
o-phenylene- 
diamine 

C6H5-CH=N-C6H 5 + CI3C-C02H 
N-(benzylidene) trichlero- 

aniline acetic acid 

02 

2-phenylbenzimida zole 

C6H5-CH=NH-C6H 5 
O 

CI3C-CO 2 
N-(benzylidene) aniline trichloro- 

acetate 

C6Hs-CH=N~N=CH-C6H 5 + 

N,N'-(benzylidene)-p-phenylene- 

diamine 

CI3C-C02H 
trichloro 

acetic acid 

C6H5-CH=N~H~~NH=CH-C6H5 

C13C-C02 O C13C-CO2 e 

N,N'- (benzylidene) ~p-phenylenediamine 
di-trichloroacetate Scheme 2. 

A mixture of N-(benzylidene)aniline (10 mmol, 1.8 g) and nitromethane (I.2 
ml) in ethanol (10 ml) is heated under reflux for 10 h, the solvent removed, 
and the residue recrystallized from ethanol. 

a-Trichloromethyl-benzyl-phenylamine (115) and di-a-trichloromethyl-benzyl- 
p-phenylenediamine (116) 
The corresponding Schiff's base (4 mmol) is heated with trichloroacetic acid 
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(4.8 mmol per C = N - group) in toluene (100 ml) for 2 h under reflux, the 
solvent removed, and the residue recrystallized from toluene. 

Secondary Amines  

Method A. The Schiff's base (1-2 g) is dissolved in ethanol (50-100 ml) and 
hydrogenated with Raney-Ni (1 g) under normal pressure at room temperature. 

Method B. The Schiff's base (4 mmol) is dissolved in diethyl ether or tet- 
rahydrofurane (50 ml) and heated with lithiumaluminiumhydride (60 mg) under 
reflux for 30 min. Excess of hydride is destroyed with water and the secondary 
amine isolated in the usual way. 

Bioassays 

For the bioassays, seedlings of wheat (cultivar " R e m o " ) ,  rye (cultivar 
"Petka"), and barley (cultivar "Elgina") were used; standard of comparison 
was ethrel (Dathe et al. 1978). The seeds were germinated on wet filter paper 
in darkness at 25~ After coleoptile emergence, the seedlings were put into 
t h e  10 -3  M test solution; the length of the primary leaf was measured 5 days 
later. The response was considered as inhibitory (indicated by + or + + in 
Tables 1 and 2) if, at the least, the inhibition of 10 -3  M ethrel was reached. 

From the bioassays the following relationships can be derived: 
1. Schiff's bases with aniline as one component are inactive in the used 

tests, for example, 1-5 .  
2. Schiff's bases with benzaldehyde as one component are partially active 

in at least one bioassay, for example, 6, 28, 40, 43, 48, 51-55.  
3. Schiff's bases with 2-, 3-, 4-monochloro- or 2.3- and 2.5-dichloroaniline 

as amine are specifically active on rye, for example, 2 8 - 3 1 ,  3 5 - 3 7 ,  39, 
40-42.  

4. Schiff's bases derived from 2- and 4-aminophenol are active in most 
cases, for examples, 51-64 ,  66, 67. 

5. The growth inhibition property is not limited to the C = N double bond, 
because numerous secondary amines are also active, for instance 73, 76, 80, 
81, 83-84,  86, 87, 90, 93-100,  102-105, 107-109, 111,113-115,  124-128. 

6. Exchange of a carboxyl group to a chloro atom in the N-phenyl part leads 
either to an active compound or increases the existing activity, for example, 
6 ~ 28, 14 --, 19, 21 ~ 40, 15 ~ 30, 22---~ 41, 23 ~ 42. 

7. Exchange of a carboxyl group to a hydroxyl group in the N-phenyl part 
leads again to active compounds, for example, 6 ~ 51, 7 --* 52, 8 ~ 53, 9 
54, 21 ~ 55, 22 ~ 56, 23 ~ 57, 24 ~ 58. 

8. Exchange of the hydroxyl group to a chloro atom in the benzylidene part 
does not influence the activity, for example, 17 ~ 20, 24 ~ 27, 36 ~ 37, 
58---~ 62. 

9. Introduction of the nitromethyl group into the amine 73 leads from an 
inactive to a very active compound (113). 
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