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STRUCTURE OF A NEW PHENOL ALDEHYDE FROM THE LEAVES OF 

Eucalyptus viminalis 

A. A. Savina, V. F. Zakharov, and N. S. Tsybullko UDC 547.56+583.883 

A new terpenoid phenol aldehyde has been isolated from an alcoholic extract of 
the leaves of the ribbon eucalyptus by column chromatography on silica gel, and 
on the basis of the results of IH and I~C NMR spectroscopy and mass spectrometry 
the structure of 4-[l-(3,5-diformyl-2,4,6-trihydroxyphenyl)-3-methylbutyl]-ledol 
is proposed for it. The relative configurations of the substituents in the ter- 
penoid moiety of the molecule have been determined. 

Continuing a chemical study of the leaves of the ribbon eucalyptus [i, 2], we have 
isolated a new compound, euvimal-l, with the composition C2BH4006, mp 198-199°C, which, 
on the basis of its spectral characteristics, has been assigned to the euglobals - terpe- 
noid phenol aldehydes of the phloroglucinol series. These compounds, which have the chromo- 
phoric fragment of diformylphloroglucinol, have been isolated previously from the Tasmanian 

blue eucalyptus [3] The nature of the UV spectrum of euvimal-i (~EtOH'H+ 278, 344 nm, • ~ "max 
e 61562, 7646) is typical for the euglobals. The IR spectrum (~ 1630 cm-1), the PMR spec- 
trum (10.12, 10.20 ppm), and the 13C NMR spectrum (191.61 and 192.82 ppm) confirmed the 
presence of two aldehyde groups in the molecule. Singlets at 13.4 and 13.7 ppm and a broad 
signal at 6.4 ppm (PMR, CDCI s) were due to two chelated and one free phenolic hydroxyls. 

The positions of the signals of the carbon atoms of the aromatic ring [107.80, 106.88, 
106.93 (C-l, C-3, and C-5) and 171.51, 171.83, and 172.68 (C-2, C-4, and C-6)] also agreed 
with the type of substitution and the nature of the substituents characteristic of the euglo- 
bals [4, 5] and the robustadiols isolated from Eucalyptus robusta [6]. The peak of the 
molecular ion (M + 472) showed that the terpenoid moiety of the molecule consisted of four 
isoprene units. 

A peak with m/z 251 (21.1%) is characteristic for the euglobals [4, 5]. It is due 
to ion A, which consists of the aromatic ring with one isopentyl residue. The further 
dissociative fragmentation of the ion took place with the elimination of an isobutyl fragment 
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Fig. 1. Two-dimensional COSY H, H spectrum of euvimal-i 
(300 MHz, CsDsN). 

and the formation of an ion with m/z 195 (43.4%) which was confirmed by the peak of a meta- 
stable ion with m/z 152". The PMR spectrum (CsDsN) also confirmed the structure of the 
isopentyl fragment: 3.70 ppm, IH, dd, J1 = 12.5 Hz, J2 = 4.4 Hz, (H-7); 2.76 ppm., IH, 
dd, Jz = 12.5 Hz, J2 = 9.7 Hz (H-10); 1.58 ppm, (dd, Jz = 9.7 Hz, J2 = 4.4 Hz) + 1.60 ppm, 
m 2H (h-10, H-I1); 1.04, 1.12 each 3H, d, 6.0 Hz (H-12, H-13). The parameters of the sig- 
nals of the protons at C-7, C-12, and C-13 agreed with those given in the literature [2, 
4]. The assignment of the signals of the protons at C-10 and C-If followed from the COSY 
H, H spectrum (Fig. i). (See scheme on following page.) 

The mass spectrum contained the peak of an ion with m/z 203 (100%, CzsH23) which is 
characteristic for euglobals constructed from four isoprene units. This ion could be formed 
by two pathways. The first pathway is the elimination of water from the molecular ion M + 
472, followed by the breakdown on the dehydrated product (m/z 454) into two fragments 
phenolic (m/z 251) and terpenoid (m/z 203). 

By the second pathway, in the first stage of fragmentation the molecular ion M + 472 
breaks down into phenolic (m/z 251) and terpenoid (m/z 221) fragments with the elimination 
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of water from the latter. The realization of the second fragmentation pathway and, conse- 
quently, of the position of the sixth oxygen function in the form of the hydroxyl in the 
terpenoid part of the molecule was confirmed by the presence in the mass spectrum of the 
metastable peak with m/z 186 + . According to its elementary composition (CzsH250) and the 
absence from the PMR spectrum of the substance of the signals of olefinic protons, this 
terpenoid part of the molecule was tricyclic. It contained four CH 3 groups (3-H singlets 
at 1.14, 1.27, 1.38, and 1.40 ppm in the PMR spectrum, CsDsN) bound to three quaternary 
carbon atoms (19.04, 49.51 and 74.45 ppm in the Z3C NMR spectrum). 

A singlet at 19.04 ppm was due to the carbon atoms of a cyclopropane ring linked with 
two CH s groups. The two methine protons of the cyclopropane ring were responsible for a 
triplet at 0.74 ppm (Jz = J2 = 9.9 Hz) and a triplet of doublets at 0.63 ppm (Jl = J2 = 
9.9 Hz J3 = 6.0 Hz; CsDsN, PMR spectrum). The multiplicities of the signals showed that 
one methine group of the cyclopropane ring was connected, in its turn, with a methine group 
and the other with a methylene group. 

Spin-spin coupling between the protons of a methine group of the cyclopropane ring 
and a methine group in the s-position to it (triplet at 1.47 ppm, J1 = J2 = 9.5 Hz) was 
confirmed by double resonance and the COSY H, H PMR spectrum. It also followed from the 
latter (see Fig. i) that the =-methine group was linked to a methine group in the ~-position 
with respect to the cyclopropane ring (sextet at 2.40 ppm, J1 = J2 = 9.9 Hz, J3 = 6.0 Hz. 

In view of the presence in the cyclic terpenoid part of the molecule of another two 
quaternary carbons and two tertiary methyl groups, and also four out of the five methylene 
groups of the molecules (20.44, 24.61, 35.67, 39.97, and 44.76 ppm in the ISC spectrum) 
it~is possible to propose for it two variants of structures (B and C) with a guaiane skele- 
ton and two variants at the position of the tertiary hydroxy group. The values of the SSCCs 
between H-I' and the methylene protons at C-2' (9.9 Hz and 6.0 Hz) showed that the methine 
and methylene protons belonged to a 5-membered ring. The equality of J6',v", Js',6', and 

Js',1' (9.9 Hz) indicated the cis-linkage of the 5-membered and 7-membered rings (correspond- 
ing dihedral angles amount to ~0, 180 ° , and 0°). 
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As shown previously [7], in an acid medium terpenoid compounds with the fragment 

~/,OH 
C--C\c CH3 undergo dehydration and prototropic rearrangement with the formation of an 

endocyclic double bond. Under these conditions the variant with the formation of the less 
substituted endocyclic double bond is formed. When euvimal-i was treated with concentrated 
trifluoroacetic acid (TFA) we isolated a substance the PMR spectrum of which (CDCl 3) contained 
a broadened one-proton signal of an olefinic proton at 5.35 ppm the half-width (Wz/2) of 
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which amotmted to 12.5 Hz. According to the literature [8], the WI/2 value of the signal 
of an olefinic proton on a trisubstituted double bond in a five-membered ring of a guaiane 
system amounts to 5-7 Hz. This value agrees with the size of the dihedral angles between 
the H-3' and each of the H-2' atoms (60°). 

If the hydroxy group were attached to C-10' and the reaction had led to the formation 
of an endocyclic bond between C-10' and C-9', the dihedral angles between H-9' and each 
of the H-8' atoms would have amounted to -40 and -160 ° . In this case, the WI/2 value of 
the olefinic proton should be about 12 Hz [9], as was observed for the product of the inter- 
action of euvimal-I with TFA. Consequently, structure B is more probable for the cyclic 
terpenoid moiety of the euvim~l-i molecule. 

The considerable downfield shift of the signal of the methine proton at C-I' in CbDsN 
solution (2.40 ppm), due to the closeness of an oxygen atom, confirmed this variant of the 
structure. The methine group of euvimal-i geminal to the hydroxyl experiences additional 
screening, since the signals of all the tertiary CH a groups lie in the 1.08-1.15 ppm region 
(PMR, CDC13). According to the literature [i0], such methyl groups resonate at 1.3--1.6 
ppm. 

If the tertiary hydroxyls were located at C-10', such a screening factor for the CH~ 
group would be the cyclopropane ring in the case of the trans position of the CH group in 
relation to the proton at C-I' For a methyl group at C-4', the trans position with respect 
to the protons at C-I' and C-5', which causes less steric interaction between cyclopropane 
and arylisopentyl fragments, is most probable. 

A convincing argument in favor of the structure under discussion for euvimal-i is the 
presence of a response of the H-5' signal in the spectrum on irradiation of the H-7 signal 
in a NOE experiment. This effect is possible at a definite rotation around the C4'-C v bond 
only in the case of the cis-arrangement of the H-5' proton and fragment A of the molecule 
(the distance between H-5' and H-7 being -2 ~). 

Euvimal-I has the most probable structure (I) 

B 

T3 

A feature of the PMR spectrum of (I) in CsDsN is the considerable difference in the 
chemical shifts of the signals of the protons at C-10 (1.60 and 2.80 ppm) and the absence 
of spin-spin coupling between each of these protons and H-f1 (COSY H, H PMR spectrum; Fig. 
i). The first effect is due to descreening by the anisotropic influence of the oxygen of 
the chelated hydroxyl and the aromatic ring on one of the methylene protons with hindered 
rotation around the C-2-C-I and also the C-7-C-I0 bonds. The second effect is caused by 
the coincidence of the chemical shifts of one of the protons at C-10 and H-If (1.58, 1.60 
ppm) and, for the second signal, that position of the sterically hindered substituents at 
C-7 when the torsional angle between H-10 and H-f1 is close to 90 ° . 

Also unusual is the ratio of the absolute magnitudes of the vicinal and geminal con- 
stants (Jr,t0 = 12.5 Hz; Ji0,i0 = 9.7 Hz). The assignment of the signals at 3.70 and 2.73 
ppm to the vicinal protons (}{--7 and H-10, respectively) and not to the geminal protons was 
confirmed by the absence of a response of either of these signals when the other was irra- 
diated (PMR spectrum, NOE). Conversely, the very strong interaction of the 2.76 and 1.58 
ppm signals showed the geminal character of the protons causing them. the value of the 
vicinal SSCC of 12.5 Hz and the absence of an Overhauser effect is connected with the maxi- 
mum value of the dihedral angle between H-7 and H-10, i.e., a transoid conformation. The 
rigidity of the conformation of the isopentyl fragment of the (I) molecule because of the 
influence of the voluminous substituents can also explain the long-range spin-coupling 
through four bonds between one of the methylene protons at C-10 and one of the CH 3 groups 
(COSY H, H PMR spectrum; Fig. I). A similar situation has been reported in [Ii] for a 

699 



1,2-dibromoisobutyrate and has been explained by the magnitude of the dihedral angle between 
the directions of the two C-H bonds. 

Euvimal-l, like other euglobals, is a fairly strong acid because of the electron- 
accepting influence of aldehyde groups in the ortho position with respect to phenolic hydrox- 
yls. The high degree of dissociation is shown by a comparison of the UV spectra of the 
substance measured in 95% ethanol without acidification and with acidification. In order 
to suppress dissociation, the UV spectrum of the substance must be measured in acidified 
alcohol. 

EXPERIMENTAL 

IH and I~C NMR spectra were obtained on a Bruker WM-300 instrument in CDCI~ and CsDsN 
solutions, and mass spectra on a Varian MAT CH-8 instrument with electron (70 eV) ionization 
at an inlet temperature of 120°C. UV spectra were measured in acidified alcohol (i ml of 
i% HCL: I00 ml of 95% alcohol) on a Specord M-40 instrument. 

The monitoring of the isolation of the phenolic components was performed by the TLC 
method in HCOOH-CH3OH-CHC13 (1:1:25) system on Silufol plates with a i% alcoholic solution 
of ferric chloride as the revealing agent. 

Isolation of Euvimal-l. Ribbon eucalyptus leaves (I.0 kg) were extracted three times 
with 95% alcohol at a ratio of 1:7. The combined extracts were evaporated to dryness giving 
a total of 160.0 g of extractive substances. Of these, 20.0 g was dissolved in i00 g of 
alcohol and the solution was mixed with 100.0 g of silica gel 40/100 ~, and the mixture 
was dried and was deposited on a column with a diameter of 8 cm filled with 1.2 kg of silica 
gel 40/100 ~ in chloroform. Elution was performed with chloroform, and fractions with vol- 
umes of 3.0 liters (I), 2.0 liters (2), and 1.0 liter (3-9) were collected. 

Beginning from fraction I0, elution was carried out with chloroform-methanol (4:1) 
with the collection of 1.0-1iter fractions. Fractions i0-15, containing the bulk of the 
phenolic components freed from resinous substances, were combined, and the solvent was evapor- 
ated. The residue was treated with chloroform-water (i:i) (3 × i00 ml). The chloroform 
extracts were treated with a 2% ~queous solution of sodium bicarbonate (3 × 50 ml). The 
bicarbonate extracts were acidiffed with 10% aqueous HC1 to pH i. The precipitate that 
deposited was washed with distilled weater and dried. The weight of the residue was 90 
mg. A product prepared in a similar way (i.0 g) was rechromatographed on a column with a 
diameter of 1.8 cm filled with if0 mg of silica gel 40/100 ~ in chloroform, the mixture 
of substances to be separated was deposited on the sorbent in the form of a 1:5 chloroform 
solution. Elution was carried out with acetic acid-chloroform-methanol (1:25:1), with the 
collection of 21 70-ml fractions. The residue from fractions 8-14 after the solvent had 
been driven off was crystallized from alcohol (1:20) and gave 60 mg of a crystalline sub- 
stance with mp 194-197°C. 

Recrystallization from i0 ml of acidified alcohol-water (5:1) (the acidified alcohol 
contained 0.25 ml of concentrated HCI in 100 ml of 95% alcohol) gave 38 mg of yellowish 

white crystals of euvimal-i with mp 197-198°C M + 472, UV ( ~EtOH'H+ 278 344 nm; E 61562, 
' ~'max , 

7646, ~EtOH 276, 290 infl. 392 nm; e 40600, 34460, 12740). PMR spectrum of euvimal-i - ~'max 
see Fig. i. Mass spectrum (m/z, %): 472 (M +, 0.8), 454 (M+-H20, 3.9); 397 (10.5); 251(21.1); 
221(8.6); 203(100); 195(43.4); 186"; 161(22.4); 152"; 147(27.6); 107"; 95(22.4). 

Dehydration of Euvimal-l. A solution of 20 mg of euvimal-i in 5 ml of trifluoroacetic 
acid was left for 2 h and was then poured in 50 ml of water. The precipitate that deposited 
was filtered off, washed with water, and dried. The product obtained was dissolved in chlor- 
oform and the solution was filtered through silica gel (5.0 g, column diameter 2 cm). The 
filtrate was evaporated, and the residue was dissolved in 2 ml of alcohol and, with stirring, 
this solution was poured into 200 ml of 0.1% HCI. 

The precipitate that deposited was filtered off, washed, and dried in the air. 

i. 
2. 
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STRUCTURE AND STEREOCHEMISTRY OF FERTIDIN 

A. I. Saidkodzhaev, L. A. Golovina, V. M. Malikov UDC 547.992:547.37 

The new ester, fertidin, has been isolated from the phenolic fraction of 
Ferula tenuisecta, and on the basis of chemical transformations and spectral 
characteristics its structure and stereochemistry have been established as 
10=-angeloyloxy-48-hydroxy-6~-p-hydroxybenzoyloxycarot-(9)-ene. 

Continuing a study of the terpenoid compounds of plants of the genus Ferula (family 
Apiaceae), from the phenolic fraction of the total extractive substances of Ferula tenui- 
secta Korov by chromatographic separation on a column of KSK silica gel we have isolated 
a new ester with the composition C27H3506, mp 163-164°C (decomp.), which we have called 
fertidin (I). 

A maximum at 260 nm (log e 4.17) in the UV spectrum of fertidin showed the presence 
of a p-hydroxybenzoic acid residue in its molecule, while a bathochromic shift of the maxi- 
mum (Alma x = 40 nm) in an alkaline medium showed the presence of phenolic hydroxy group. 

The IR spectrum of (I) contained strong absorption bands of two conjugated ester car- 
bonyl groups (1690, 1715 cm-1), of a double bond (1650 cm-1), of an aromatic ring (1615, 
1590, 1520 cm-1), and of hydroxy groups (3250, 3450 cm-1). 

In the PMR spectrum of fertidin (CDCI~) the strong-field region contained the signals 
of two secondary methyl groups -doublets at 0.8 and 0.9 ppm (3 H each, J = 7 Hz), of an 
angular methyl group - singlet at 1.16 ppm (3 H), and of a methyl at a double bond - broadened 
singlet at 1.74 ppm (3 H). In addition, the spectrum showed the signals of two gem-acyl 
protons - a sextet at 5.36 ppm (i H, J = ii, 6, and 3 Hz) and a doublet at 4.83 ppm (i H, 
J = 8 Hz). A doublet at 5.69 ppm (i H, -: J = 8 Hz) related to an olefinic proton, and its 
components were broadened because of allyl interaction with a vicinal methyl group. 

Two-proton doublets at 6.78 and 7.81 ppm (2 H each, J = 9.5 Hz) were due to the pro- 
tons of the p-hydroxybenzoic acid residue, while a multiplet with its center at 6.01 ppm 
and a group of signals in the 1.8-1.95 ppm region were characteristic for the protons of 
an angelic acid residue. 

A comparison of the facts given above with literature information on known esters iso- 
lated from plants of the genus Ferula [1-3] gave grounds for assuming that fertidin was 
an ester of a carotane sesquiterpene alcohol with angelic and p-hydroxybenzoic acids. In 
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