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FREQUENCIES AND INTEGRAL INTENSITIES OF THE LACTONE AND ESTER
CARBONYLS OF NATURAL GUAIANOLIDES

E. L. Kristallovich, I. D. Sham'yanov, , UDC 547.944/945
M. R. Yagudaev, and V. M. Malikov

The frequencies and integral intensities of the IR bands of the stretching vibra-
tions of lactone and acyclic ester carbonyls at C-8 of ten natural guaianolides
and their derivatives, and of three model compounds have been studied. The most
probable interpretation of the change in the value of Avgc—g and vg—g of the lac-
tone carbonyl have been suggested. In elegin and some of its derivatives, acrop-
tilin, chlorohyssopifolin B, and eleganin, a lowering of the values of Avc=p and
ve=g in comparison with dihydroelegin, hexahydroelegin, and the hydroxylactone of
cynaropicrin is caused by nonvalent interactions of the lactone carbonyl with the
a-exocyclic double bond. The increase in Avg=g and vg=g in dihydroelegin, hexa-
hydroelegen, and the hydroxylactone of cynaropicrin is due to the angular strain
of the y-lactone ring. It has been shown that in an acyclic side chain at C-8 an
increase in the integral intensity and in the frequency of the o,B-unsaturated
ester carbonyl relative to guaianolides in which the terminal vinyl group at C-17
is absent is due to a conjugation effect.

It is known that the frequencies of the absorption bands in IR spectra due to the
stretching vibrations vg=g in lactones are characteristic, and there are, therefore,
grounds for assuming that the integral intensities of these bands can serve as a criterion
for evaluating electronic and stereochemical changes taking place in the lactone molecules.
In contrast to coumarins, chromones, and xanthones [1], there is no analysis in the litera-
ture of the frequencies and, in particular, the integral intensities of vg=g of sesquiter-
pene lactones [2]. We have studied the frequencies and integral intensities of the IR bands
in the 1600-1800 cm™! region, which correspond to the stretching vibrations of a carbonyl
group in a y-lactone ring and of an ester carbonyl group in an acyclic side chain at C-8 of
the guaijianolide series.

Table 1 gives the frequencies and integral intensities of the absorption bands of the
carbonyl groups in guaianolides (IV-XIII) investigated. Analysis of the figures in the
Table leads to the following results. The integral intensity (A) of the IR band of the car-
bonyl group of the lactone ring of each of compounds (IV)-(X) with an exocyclic double bond
at C-11 amounts to 4.60-5.00 practical units (10* liter'mole ™ ':cm™2), and the absorption fre-
quency corresponding to it is 1765 * 5 cm™?!.

In the case of an alkyl substituent in the a-position of the y-lactone ring, as, for
example, in hydrodroelegin (XI) and hexahydroelegin (XII), the value of Avg=p rises to 5.60-
6.00 pr.u., and the value of vc=g shifts in the high frequency direction by 8-10 cm™!'.

On comparing the model compounds (I-III) it may be noted that the presence of a-exo-
cyclic double bond in the cyclopentanone ring (compound (II)) considerably decreases the inte-
gral intensity (Avg=g = 1.75 pr.u.) and the frequency (vg=g = 1727 cm™ ') of the carbonyl
group in comparison with cyclopentanone (Avg=g = 3.0 pr.u., vg=p = 1748 cm™1).
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TABLE 1. Values of Avczg and vg=g for the Absorption Bands
of the Lactone and Ester Carbonyls of the Guaianolides In-
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HI % Butyrolactone b1776 5,90 — -

legin v 1765 5,00 1710 4,0
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I
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V. Chlorohyssopifolin A 1763 4,60 1745 3,0
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VL, Elegin monoacetate 1760
O Ci; 1740 9,80
I 1710
Ri=Ac¢; Ry =—C—-C=CH.; Ry=H
VII. Elegin diacetate 1760
O CHg 1740 11,70
I 1710
Ry= Ac; Ry= —c C=CHj;
R3=Ac
VIII. Acroptilin 1765 5.0 1745 3.20
IX, Chlorohyssoplfohn 1765 4,88
=Ry =Ry = H

X, Eleganm 1765 5.30 -
X1, Difydroelegin 1775 6,30 0 5,63
X1II, Hexahydroelegin 1773 5,65 1725 3,40

XIII. Hydroxylacetone ot cynaropicrin 1773 5,69 -
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TABLE 2. Valence Angles of Cyclopentanone, y-Butyrolactone,
and Some Guaianolides, deg

I OAc
SINCOS
/ X X=H -0 AcO -
M T Y 2 DCOﬂ
alg® 70 W o e
GH, CH,
1 X1V Xv XVI
Literature
Compound be bd cd cd-bd d source
I. Cyclopentanone 10,6 | 1247 | 124,7 0 1,27 18
II, y-Butyrolactone 169,7 121,7 127 .6 6,9 1.19 19
XIV. (#)-4,5-Dihydroxy-
4a,8-dimethylazil-
eno[6,5-alfuran~
2(3H)-one 169.8 121,1 120,1 8 1,20 19
X1, Hymenolane 110 0 121.6 128.6 7 1,20 20
XVI. Hymenoxone 169,7 122,4 127,8 4,6 1,22 20

On the introduction of an oxygen heteroatom into the a-position of the cyclopentanone
ring (III), the integral intensity and the frequency of the absorption band of the y-lactone
carbonyl increase considerably (Avg=g = 5.90 pr.u., vg=g = 1770 cm™1).

These experimental facts characterizing the changes in Avg=g and vg=g in the model com-
pounds (I-IIT) and in the y-lactone rings of quaianolides (IV-X) relative to the guaianolides
(X-XIII) exclude a mesomeric interaction between the carbonyl of the lactone ring and the
a-exocyclic double bond and also an electrostatic interaction of these groups through space
(field effect) [2]. As has been established for a large number of coumarins, chromenes,
and xanthones [1], a,B-unsaturated ketones [3, 4], and vinyl esters [5], the conjugation
effect causes a rise in Avg=p and a fall in the frequency vg=g.

It has been found that in the case of the dominating influence of the field effect the
IR-spectral parameters of the carbonyl absorption band change in the reverse order. As an
example we can give a-pyrones with acceptor substituents (NO,, SO,Cl) in position 3 [1].

Furthermore, it has been established that in cyclic ketones and esters the values of
Avc=g and vg=p decrease with an increase in the size of the ring [6, 7]. It is considered
that this change in the IR-spectral parameters of carbonyl absorption is due to a change
in the internal strain of the system, which includes angular Pitzer strains and van der Waals
repulsive forces [7-9]. In rings with the same number of carbon atoms, the contribution
of each of these types of strains depends on the nature of the ring (ketone or lactone) and
also on the electron donor or acceptor properties of substituents and their position in
the ring [10].

A study of the stereochemistry of a,f-unsaturated cis-stabilized ketones [11] and a
consideration of a Dreiding model showed the noncoplanarity of the >C=0 and >C=CH, substit-
uents in 2-isopropylidenecyclopentanone ((II), (Table 1)).

On this basis, it may be assumed that a lowering of the values of Avp=n and vexg for
compound (II) (see Table 1), relative to the spectral parameters for cyclopentanone (I)
(Table 1),is caused by the van der Waals repulsive forces between the carbon group and the
a-exocyclic double bond. The increase in the integral intensity of the carbonyl IR-absorp-
tion and the shift of the absorption maximum in the direction of high frequencies in y-buty-
rolactone ((III), (Table 1)) is apparently explained by the anomeric effect [12, 13]. The
possibility of an incidence of this effect was shown by a calculation of molecular orbitals
with the optimum minimization of the geometric parameters of B-, y-, 8-, and e-cyclic lac-
tones, lactams, and thiolactams [10]. From this point of view, the electronic theory of
the anomeric effect includes the orbital interaction between the p-electrons of the carbonyl
oxygen atom and the antibonding o¢*-orbital of the adjacent —C—0 bond, the p-o* C—O0 over-
lapping being the greater the smaller the value of the angle bd and, correspondingly, the
greater the difference between the angle cd and bd ((I) and (II), (Table 2)).

Correspondingly, the values of Avc=g and vg=g of the lactone carbonyl ((III), (Table 1))
will rise in comparison with the cyclic ketone (I), since with the change in the hybridiza-
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tion of the carbon atom of the carbonyl group the C=0 bond becomes shorter, while the oxygen
atom of the carbonyl group experiences a deficiency of electrons.

The above mentioned changes in the integral intensity and frequency of the absorption
band of the carbonyl groups in the model compounds (I-III) (see Table 1) make it possible
to explain the increase and decrease in Avc=g and vg=g in the guaianolide derivatives and
their derivatives that were investigated (IV-XIII). The increase in the values of Avg=g and
ve=g in the guaianolides with an a-methyl group in the y-lactone ring (X-XII) as compared
with guaianolides (IV-IX) is, in all probability, explained by the angular strain of the
cyclic system which initiates an anomeric effect. This is confirmed by the substantial dif-
ference in the angles cd and bd (8°, Table 2) in guaianolides (XIV) and (XV) relative to
the sesquiterpene lactone (XVI) (4.6°).

In guaianolides with an a-exomethylene bond at C-11 (IV-IX), the decrease in the IR-
spectral characteristics of the lactone carbonyl that are under consideration is, in a simi-
lar manner to those of a,f-unsaturated cis-stabilized ketones [11], caused by a possible
influence of the van der Waals repulsive forces between the lactone carbonyl and the exo-
methylene group.

Thus, on the basis of an anlaysis of the values of Avpzg and vg=g of ring C of the
natural guaianolides (IV-VIII) and according to the concept of internal strain [9, 14, 15],
it may be considered that a y-lactone ring with an a-exocyclic double bond is energetically
less stable than a y-lactone ring with an a-alkyl substituent. This conclusion is confirmed
by the higher capacity for taking part in addition reactions of an exocyclic double bond at
C-11 as compared with one at C-4 or C-10 [16].

A further consideration of the figures of Table 1 leads to the following results. 1In
an acyclic side chain at C-8, the integral intensity of the absorption band of an «,B-un-
saturated ester carbonyl rises, and the absorption maximum shifts in the low-frequency di-
rection (IV, XI) relative to guaianolides in which there is no terminal vinyl group at C-17

0O
il
(V, XII). Thus, for example in elegin (IV) A —O0—C-—C=CHy;= 4.0 pr.u, v = 1720 em™}, and
in hyrcanin (V) 4 O—C—C—= 3.40 pr.u, v = 1755 cm™!. A similar change in the IR-spectral
I
O

characteristics of an ester carbonyl at C-8 is observed from a comparison of dihydroelegin
(XI) and hexahydroelegin (XII).

The observed change in the values of A and v corresponding to the absorption of an
acyclic o,B-unsaturated ester carbonyl in compounds (IV) and (XI) is apparently due to conju-
gation effect, which is possible when the —C=0 and —C=CH, substituents are coplanar.

EXPERIMENTAL

IR spectra were recorded on a UR-20 double-beam infrared spectrometer using NaCl prisms
(1600-1850 ecm ! region). The spectral slit width in the 1600-1800 cm™! interval was 8 cm™!.
The rate of scanning was 25 cm™!/min.

To exclude intermolecular associations lowering the accuracy of the measurement of A,
the spectra were recorded in dilute solutions the concentrations of which were ranged from
0.01 to 0.05 M.

Standard nondismountable cells with NaCl windows were used. The thicknesses of the
absorbing layers were 0.038, 0.060, 0.055, and 0.500 cm. The solvent was carefully purified
and dried with chloroform.

The integral intensities were measured by Bourgin's method [17]. The error of the in-
tensity measurements was 57.

. SUMMARY

1. The frequencies and integral intensities of the IR bands of the stretching vibra-
tions of the lactone acyclic ester carbonyls at C-8 of ten natural guaianolides and their
derivatives, and alsc of three model compounds have heen studied.
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2. The most probable interpretation of the change in the values of Avc—g and vg=g of
the lactone carbonyl has been proposed. In elegin and some of its derivatives — acroptilin,
chlorohyssopifolin B, and eleganin — the lowering of the values of Avgzg and vc=g in com-
parison with dihydroelegin, hexahydroelegin, and the hydroxylactone of cynaropicrin is
due to nonvalent interactions of the lactone carbonyl with the a-exocyclic double bond.

The increase in Avc=g and vc=g in dihydroelegin, hexahydroelegin, and the hydroxylactone
of cynaropicrin is due to a deformation of the 0—C=0 angle of the y-lactone ring.

3. It has been shown that in an acyclic side chain at C-8 an increase in the integral
intensity and a decrease in the frequency of the absorption of and o,R-unsaturated ester
carbonyl relative to guaianolides in which there is no terminal vicinal group at C-17 is
due to a conjugation effect.
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