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To elucidate the relationship between the rate of the addition reaction to the 
exomethylene bond of the lactone ring and the biological activity of sesquiter- 
pene lactones a kinetic study has been made of the amination of guaianolides 
containing an ~,~-unsaturated lactone ring. An interrelationship has been es- 
tablished between biological activity, rate of the amination reaction, and the 
presence in the molecule of such substituents as chlorine and epoxy and ester 
groups. 

Natural sesquiterpene lactones are selective inhibitors with high antiprotozoal and cyto- 
toxic activity, which is connected with the presence in the molecule of such substituents as 
halogens and carbonyl, ester, and epoxy groups. But a particularly important condition of 
activity is the presence of an a-methyl~ne-7-1actone group. The inhibiting activity falls 
in the course of the addition to the exomethylene bond of the lactone ring of nncleophilic 
reagents containing NH and SH groups [1-4], which shows the interrelationship between the 
reactivity of the exomethylene bond and the biological activity of the lactone. 

To elucidate the relationship between the rate of a reaction and the exomethylene bond 
of the lactone ring and biological activity, the kinetics of the Michael addition of diethyl- 
amine as a model nucleophile to guaianolides containing an e,B-unsaturated lactone ring has 
been studied with the aid of the method of circular dichroism (CD)o The guaianolides were 
deoacylcynaropicrin (I), chlorohyssopifolin B (II)~ chlorohyssopifolin A (III), acrotilin (IV), 
repin (V), and britanin (VI). 

In the CD spectra of the guaianolides considered there is a Cotton effect in the 250- 
270 nm region due to a n-~* transition in the conjugated lactone chromophore. The CE is nega- 
tive for the C~-trans-linked lactones (I-V) and positive for the Cs-trans-lactone (VI) [5]. 
On amination, this CE disappears. 

With equimolar solutions, the amination reaction took place very slowly, and, in order 
to accelerate it and to suppress the back-reaction in which the amination products decompose, 
the diethylamine was taken in excess. 

The addition of an amine to a lactone is a bimolecular reaction but, since, on the one 
hand one of the reagents (amine) is optically inactive and its dichroic contribution to the 
CD spectrum was nil and, on the other hand, it was taken in large excess with respect to the 
lactone, the rate of the reaction was judged from the decrease in the amplitude of the lac- 
tonic CE, reflecting the change in the concentration of the initial lactone during amination, 
and the rate constant was calculated as for a pseudomonomolecular reaction [6]. This assump- 
tion permitted the estimation and comparison of the relative rates of amination in the series 
of lactones studied to be simplified. The calculation was carried out by means of the formula 

1 , /!r, 
K = - - t -  In 7~.. ' 

A" 

where K is the rate constant; H 0 and H x are the amplitudes of the lactonic Cottom effect be- 
fore and after the addition of the amine at time t, respectively; and t is the time, s. 
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TABLE I 

Compound 

N0 .OR 3 -- 0 GH2N(~'~I'!'~) 2 0 EtOH 

R, I P2 .[ R3 

l. Deacylcynano- 
picrin 

II. C~lorohys- 
sopifolin B 

III. Chloronys- 
sopifolinA 

IVo Acroptilin 

V. Repin 

Vlo Britannin 

=CH~ 

OH CH=CI 

OH CHiCI 

~--CH. 

O-- CH2 

H 

H 

O CH3 
II i 

--C--C--CH~CI 
I 
OH 

O CH3 
II I 

--C--C--CH=CI 

O CH3 

- - C -  C - -  Clt~ 
\ /  

O 

>'max, K.I0 ~, A~ I A, 
nm IQI s_1. 

273 --279 8,5 

270 --373 7,5 

258 -21601 ,3 

258 -1790 ,2 

258 -1452 ,9 

268 4-370 ,5 

f 
mg/mi 

5,00 -- 

0,.50 

f 
0,3~ 3,9 

O.2--= 1,9 

- -  0,9 

15,9 

*A l is the cytotoxic activity [i], and A 2 is the antiproto- 
zoal activity [2]. 

It can be seen from Table 1 that the nature of the substituent affects the parameters 
of the lactonic CE. Thus, for example, the ester group at C8 in each of compounds (III-V) 
causes a hypsochromic shift arid an increase in the intensity of the lactonic CE as compared 
with compounds (I) and (II) in which there is an OH group at C s. Chlorine-containing groups 
cause more profound changes in intensity than epoxy groups [compare compound (III) with (IV) 
and (V)]. The nature of thesubstituent at C s also exerts a great influence on the rate of 
addition to the exomethylene group of the lactone ring. The voluminous ester group spatially 
obstructs the approach of the reagent to the exomethylene bond in compounds (III-¥I), and the 
rate of ~ination falls sharply in comparison with compounds (I) and (II) in which there is 
OH group at C8. 

The rate of the reaction is also affected by the nature of the substituents in ring A, 
as can be seen from a comparison of K for compounds (III) and (IV) and (I) and (II). 

A comparison of the rate constants and cytotoxic activities of chlorohyssopifolin B and 
chlorohyssopifolin A, which differ only by the substituent at C8, showed that although addi- 
tion to the lactonic exoomethylene took place faster in the case of chlorohyssopifolin B, 
chlorohyssopifolin A possessed a more powerful inhibiting action; this can be explained by 
the presence of the chlorine-containing group at C8, which enhances the lipophilic properties 
of chlorohyssopifolin A. A comparison of compounds (I) and (II), differing only by the sub- 
stituents in ring A, also showed that compound (II), thanks to the presence of a chloromethyl 
group at C4, possessed a higher cytotoxic activity in spite of the fact that its rate of 
amination was greater than that of (I). The replacement of the chloromethyl group by an 
epoxy group raised the rate constant and biological activity, as can be seen from a comparison 
of compounds (III) and (IV) and of (IV) and (V). 

Thus, an analysis of the results obtained showed that the presence, of such structural 
elements as epoxy, chloromethyl, and ester groups is a more important factor in raising bio- 
logical activity than the rate of addition to the exomethylene bond of the lactone ring. 

A parallelism between the rate of amination of the exomethylene group of the lactone 
ring and biological activity was traced only in that case when the nature of the linkage of 
the lactone ring was the same and the stereochemical environments were relatively monotypicalo 
Among the compounds studied, chlorohyssopifolin A, acroptilin, and repin correspond to these 
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demands, and in these, as can be seen from Table i, with an increase in the rate contstant 
of addition to the ~xomethylene group of the iactone ring a rise in biological activity was 
also observed. 

EXPERIMENTAL 

CD spectra were recorded on a JASCO J-20 spectropolarimeter in a thermostated cell l cm 
long at a temperature of 25°C. Ethyl alcohol was used as solvent. Because of the low solu- 
bility of the guaianolides studied, dilute - 0.003 M - solutions of the lactones were used. 
Before mixing, the solutions of the lactones and the diethylamine were kept in a thermostat 
at 25°C. 

To 1 ml of an alcoholic solution of a lactone was added 0.03 ml (19.5 mg) of diethyl- 
amine, and the mixture wascarefully stirred and was rapidly transferred into the thermostated 
cell. After the addition of the amine, the intensity of the lactonic CE was measured every 
15 min for 1.5 h at the wavelength corresponding to the maximum of the lactonic Cotton effect° 

Information on biological activity was taken from the literature [i, 2]. 

SUMMARY 

i. It has been established that the nature and position of substituents affect the 
parameters of the lactonic Cotton effect and the rate of the amination of lactones. 

2. The presence of such structural elements as epoxy, chloromethyl, and ester groups 
is a more important factor for raising biological activity than an increase in the rate of 
addition at the exomethylene group of the lactone ring. 

3. A direct relationship has been observed between the rate of amination and biological 
activity only in the case where the linkages of the lactone rings are the same and their 
stereochemical environments are relatively monotypical. 
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