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The inhibitory activities (p l50 values) o f a series o f  3-alkylam ino-2-cyanoacrylic  acid ester 
derivatives in relation to photosynthetic electron transport in isolated pea ch lorop last suspensions 
are reported. Assuming such p l50 values reflect the relative b ind ing  affin ities for the in h ib ito r 
receptor site, the results suggest that several groups in these m olecules in teract specifically  w ith 
the binding dom ain so that a m ulti-poin t attachm ent is form ed. Stereochem ical factors ap p ea r to 
play a significant role in the interaction.

Introduction

Herbicidally active com pounds which interfere 
with photosynthetic electron transport (PET) in the 
vicinity of photosystem  II (PS II) have generally 
been classified as am ide (e.g. propanil, d iuron, 
bromacil, atrazine, m etribuzin) or phenol (e.g. 
DNOC, dinoseb, ioxynil) type derivatives [1, 2]. 
The interaction o f these herbicides with the thylakoid 
m em brane has been shown to be reversible, and 
competitive displacem ent studies indicate that they 
share a com mon binding area at the m em brane- 
protein interface [3 -7 ]. It has been proposed tha t in 
am ide type inhibitors the electron deficient sp 2 

carbon adjacent to a nitrogen atom  with a lone pair 
of electrons is the essential structural elem ent in ­
volved in their interaction w ith the receptor site 
[1, 2].
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Recently, a new class o f PS II PET inhibitors have 
been recognized, viz., 3-N-m ethylanilino-2-cyano- 
acrylic acid ester derivatives (I, R\ =  phenyl;

Abbreviations: Bromacil, 5-brom o-3-s-butyl-6-m ethyluracil; 
dinoseb, 2 ,4-dinitro-6-seobutylphenol; d iuron, 3-(3,4-di- 
chlorophenyl)-l,l-d im ethy lurea; D N O C , 4,6-dinitro-o- 
cresol; ioxynil, 4-hydroxy-3,5-diiodobenzonitrile; m etri­
buzin, 4-amino-6-isopropyl-3-methyl-thio- l,2,4-triazin-5-one; 
PET, photosynthetic electron transport; PS, photosystem ; 
propanil,3,4-dichloropropionanilide.

Reprint requests to  Dr. J. Phillips.

0341-0382/84/0500-0335 $ 0 1 .3 0 /0

X  =  N C H 3; R i =  H; R 3 =  alkyl) [8 ], These com ­
pounds behave as typical PS II inhibitors in com ­
petitively displacing m etribuzin  from  the m em ­
brane binding site [9]. They cannot be regarded as 
am ide or phenol derivatives although they have 
some chemical analogy to the am ides in being 
vinylogous carbam ates.

Further studies [10, 11] have show n th a t PET 
inhibitory activity is retained when the arylam ino 
group is replaced by an alkylam ino m oiety to give 
lipid-like molecules (I, R \R 3 =  alkyl; X  =  N H ; 
R2 =  H), which not only lack the am ide or phenol 
group but also d iffer from  other PET inh ib itors in 
not possessing an aryl function. These lip id-like PET 
inhibitors have proved particularly  useful in 
probing the nature of the binding dom ain  [ 1 2 ].

Results and Discussion

Table I records p l 50 values for inh ib ition  o f the 
Hill reaction rate in pea chloroplasts fragm ent for a 
series o f 3-alkylam ino-2-cyanoacrylic acid ester 
derivatives related to structure I.

Optim um  inhibitory activity is associated w ith an 
asymmetrical distribution  o f alkyl g roup sizes in the 
molecule implying a corresponding asym m etry in 
the distribution o f lipophilic areas around the 
binding domain. This is indicated by p l 50 data  for 
the series of com pounds 1 - 5  in w hich R\ and R 3 
are varied but the total num ber o f m ethylene 
groups in R\ +  R3 is kept constant. M oreover, 
p l50 values are sim ilar w hether the longer alkyl 
chain is associated w ith the am ino (/?,) or ester (/?3) 
function (cv. 1 & 5; 2 & 4), suggesting tha t any
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Table I. PET inhibitory activity o f 3-alkylam ino-2-cyanoacrylic acid ester derivatives. 

R,X COOFL

R2 cn

Compd. No. R\ X R i *3 PI50 Ref.

1 c 2h 5 NH H C 10H 21 5.0 10
2 c 4h 9 N H H c 8H 17 4.1 10
3 13 N H H c 6h 13 3.6 10
4 C 8H 17 N H H c 4h 9 4.2 10
5 C ,oH 2, N H H c 2h 5 5.1 10
6 C ioH 2i N H H c h 3 5.2 10
7 c h 3 N H H C ,0H 2i 4.9 10
8 C 10H 2! N H C 2H 5 c h 3 6.2 15
9 c h 3 N H c 2h 5 C ioH 2i 4.0 15

10 C ioH2i N H H c 5h „ < 3 .4 11
11 C ,oH 21 N H H (C H 2)2O C 2H 5 7.3 11
12 C 10H 21 N H H c 6h 13 < 3 .4 15
13 C ioH 2| N H H (C H 2)2O C 3H 7 6.5 11
14 C ioH 2i N H H (C H 2) 3O C 2H 5 4.8 11
15 c 4h 9 N H H (C H 2)2O C 2H 5 4.5 11
16 C6H i3 N H H (C H 2) 2O C 2H 5 4.5 11
17 c 8h 17 N H H (C H 2) 2O C 2H 5 6.4 11
18 c 8h 17 N C H 3 H (C H 2) 2O C 2H 5 5.1 13
19 c 8h 17 S H (C H 2) 2O C 2H 5 5.7 13
20 CgH17 O H (C H 2) 2O C 2H 3 4.2 ' 13
21 Q H i? c h 2 H (C H 2)2O C 2H 5 4.5 13
22 c 8h 17 N H c h 3 (C H 2) 2O C 2H 5 6.6 13
23 c 8h ,7 N H c 2h 5 (C H 2) 2O C 2H 5 7.1 13
24 C8H i7 N H c 3h 7 (C H 2) 2O C 2H 5 6.6 13
25 c 8h 17 N H c 4h 9 (C H 2)2O C 2H 5 5.5 13
26 S (+ )C 6H 5C H (C H 3) N H c 2h 5 (C H 2)2O C 2H 5 7.1 15
27 R ( - ) C 6H 5C H (C H 3) N H c 2h 5 (C H 2)2O C 2H 5 4.8 15

interacting group or groups in the cyanoacrylate 
moiety must be sym m etrically placed. It is likely 
that both the nitrile and ester carbonyl functions are 
involved in the inh ib ito r/recep to r site in teraction  
since removal of either the n itrile o r ester group 
leads to almost com plete loss o f inh ib ito ry  activity 
[15]. The results would therefore suggest th a t both 
the nitrile and ester carbonyl functions m ust be able 
to occupy the same sites in the binding dom ain  
irrespective o f which way round the m olecule is 
oriented with respect to the alkyl groups. In troduc­
tion of an alkyl group into the 3-position p re ­
sumably disturbs the sym m etry o f the m olecule and 
results in the p l50 value being significantly greater 
when the longer alkyl chain is attached to the am ino 
rather than to the ester group (cv. 8  & 9), the cor­
responding unsubstituted com pounds 6 ,7  having 
interm ediate values. This points to a positive in te r­
action between the 3-ethyl group and the receptor 
site in molecules in which the m ore lipophilic  alkyl 
group is attached to the am ino function.

Insertion of an ether oxygen into the alkyl ester 
chain three atoms rem oved from  the carbonyl 
function enhances activity by from  1 0 0 0  to 1 0  0 0 0  

fold (10 & 11, 12 & 13) whilst shifting the oxygen 
one atom further away from  the ester carbonyl 
reduces activity 50 fold (13 & 14). This points to a 
highly localised hydrophilic pocket being located in 
an otherwise lipophilic environm ent close to w here 
the carbonyl interacts with the receptor site.

The ethoxyethyl esters have proved a particu larly  
useful series for studying the effect o f structural 
changes on the activity of these molecules. Thus the 
effect o f increasing the chain length o f the 3-alkyl- 
amino group on inhibitory activity (~  0.5 p l 50 units 
per methylene group cv. 11, 15, 16, 17) is sim ilar to 
its effect on the logarithm  o f the octanol-w ater 
partition coefficient (P ) (~ 0 .5  log P units per 
methylene group [14]) and suggests tha t the 3-alkyl- 
amino group is interacting with an essentially fluid 
hydrocarbon phase sim ilar to the in terio r o f the 
lipid membrane.
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When the am ino group in the 3-octylam ino 
ethoxyethyl ester series is replaced by a su lphur, 
oxygen, methylamino or m ethylene group inh ib ito ry  
activity is reduced but not lost (1 7 -2 1 ) ind icating  
that activity is associated not only with vinylogous 
carbamates but also with vinylogous carbonates and 
thiocarbonates and unsaturated acids in which no vi­
nylogous amide function is present. Surprisingly, how ­
ever, there is no obvious correlation between the elec­
tron donating power of the X  group, as m easured by 
its effect on the carbonyl stretching frequency in the 
infra-red (NM e >  NH >  S >  O >  C H 2) [13] and its 
effect on p l50 (NH >  S >  N C H 3 >  C H 2 >  O). Elec­
tronic effects m ight have been expected to influence 
the affinity of both the carbonyl and nitrile groups for 
the binding site but stereochem ical considerations 
discussed below may well have obscured such trends.

3-Alkyl-3-octylamino ethoxyethyl esters 22 — 25 
show a parabolic relationship between p l 50 and 
alkyl chain length with optim um  activity associated 
with the 3-ethyl derivative 23. This implies a m arked 
degree of spatial specificity in the in teraction  
between the 3-alkyl group (R 2) and the receptor site.

The introduction of alkyl groups into the 3-posi­
tion influence the stereochemistry o f the m olecule 
by favouring the geometrical isom er in w hich the X  
and ester functions occupy a cis configuration [13]. 
Since most o f the potent alkylam ino cyanoacrylate 
inhibitors o f the Hill reaction rate tend to exist in 
the cis form it has been speculated th a t such 
isomers conform more closely to the structural 
requirements o f the receptor site than the ir trans 
analogues [13]. This could account for the  poor 
correlation observed between electronic influences 
and inhibitory activity of the d ifferent X  derivatives 
discussed above 17-21 since those which favour

a cis configuration, viz., the am ino and thio-com - 
pounds 17 & 19 are m ore active than would have 
been predicted on the basis o f electronic effects 
whilst those which favour a trans configuration, viz., 
the m ethylam ino and oxy-com pounds 18 & 20 are 
less active.

A highly specific inhibitor-receptor site in te r­
action is indicated by the 2 0 0  fold difference in 
activity between the R (—) and S (+) isom ers o f the 
3-a-methylbenzylam ino derivative 26,27. This 
represents a relatively high level o f discrim ination 
between the optical isomers and points clearly to 
the involvement o f a protein chiral centre in the 
interaction.

The complexity o f the binding o f cyanoacrylate 
inhibitors to the thylakoid m em brane is reflected in 
the relationship between p l 50 and structure. The 
lipophilic balance w ithin the m olecule as d e ter­
mined by the am ino and ester alkyl groups ( Rx, R 3) 
as well as its overall spatial configuration as de te r­
mined by cis-trans isom erism plays a significant role 
in the interaction. In addition, groups w ithin the 
molecule appear to interact individually  w ith 
discrete sites in the binding dom ain. Some o f these 
interactions such as the hydrophobic type bonding 
involving the alkylam ino chain (R\)  are relatively 
non-specific. O thers, however, involving, for ex­
ample, the R2 alkyl group, the ether oxygen in the 
alkoxyester chain ( R3) and the ä-m ethyl group in 
the optically active 3-a-m ethylbenzylam ino isom ers 
26,27 are highly specific and em phasize the im ­
portance o f stereochem ical factors.
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