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ABSTRACT 

Compounds obtained in the Ru(II)-catalysed reaction of endoperoxide G, were analysed by means of liquid and capillary gas 
chromatography. The chromatographic data obtained by analytical liquid and capillary gas chromatography of the natural 
endoperoxides G,, G,, G, are discussed. 

INTRODUCTION 

Natural peroxides constitute important bio- 
logical mediators in various biochemical pro- 
cesses. For example, prostaglandin endoperox- 
ides [l] are involved in the arachidonic cascade 
and antitumoral activities have been claimed for 
cyclic peroxyacetals isolated from marine organ- 
isms [2]. More recently, great attention has been 
devoted to the analysis and synthesis of artean- 
nuin [3,4], a sesquiterpene lactone containing a 
peroxide linkage; this compound, common re- 
ferred to as qinghaosu, extracted from Arte- 
misia annua L., is an effective antimalarial 
agent. 

We were interested in other cyclic l,Cepi- 
peroxides (endoperoxides) that are the plant 
growth regulators designated as G factors G,, 
G,, G,. They have been identified in leaves of 
Eucalyptus grandis and other myrtaceous plants 
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and shown to be of general molecular structure I 

WI. 
Their presence has been associated with frost 

resistance by controlling the active electron 
transport properties of membranes [7] and with 
stomata1 conductance, photosynthesis and water 
loss reduction [8,9]. 

Based on the physiological importance of G 
factors, we developed a programme for the 
flexible chemical synthesis of the precursor 
syncarpic acid II [lo] of G peroxides and their 
extraction from E. grandis [ll]. We have also 
reported the chemical behaviour of G, in the 
presence of a Ru(I1) catalyst [12], a transition 
metal complex that has the capability of inducing 
a reaction to occur via a one-electron exchange 
mechanism [13]. Ru(I1) is a member of the iron 
triad and, as Fe peroxidases could be involved in 
the metabolism of the G peroxides, it can simu- 
late a possible biosynthetic mechanism. 

This paper reports chromatographic data for 
compounds obtained through the Ru(II)-cata- 
lysed reaction and a comparison between ana- 
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R’ R* G1, G2 : 4cthyl-I-hydroxy-4,8,8,10,10-pentamethyl- 

G Et Me 7.9~dioxo-2,3dioxabicyclo[4.4.0]decene-5 

(32 Me Et G3 : l-hydroxy-4,4,8,8,10,10-hexamethyl-7,9-dioxo- 

G3 Me. bk 2.3~dioxabicyclo[4.4.O]decene-5 

lytical liquid and capillary gas chromatography 
(GC) in the analysis of G factors. 

EXPERIMENTAL 

Instrumentation 
Medium-pressure liquid chromatography was 

performed on an Axxial apparatus (Axxial 
Moduloprep, Martigues, France) equipped with 
a refractometric detector (Jobin-Yvon R.I. 
Iota). Analytical liquid chromatography was per- 
formed on a Waters Model 600E apparatus 
equipped with a Rheodyne injector (20 ~1) and a 
Waters 990 UV Spectroflow detector. The col- 
umn used was Novapak silica1 gel (150 mm X 3.9 
mm I.D.; particle size 4 pm) purchased from 
Waters. Capillary gas chromatography was per- 
formed on a Hewlett-Packard HP-5890 ap- 
paratus equipped with an HP-l column (25 m x 

0.2 mm I.D.; 0.33 pm). 
Gas chromatography-mass spectrometry was 

performed on an HP-S 971A apparatus equipped 
with an HP-l column (25 m X 0.2 mm I.D.; 0.33 
pm). NMR spectra were recorded in deutero- 
chloroform with the tetramethylsilane as refer- 
ence on a Bruker AC-200 apparatus and IR 
spectra were recorded on a Perkin-Elmer Model 
883 spectrophotometer. Melting points were 
measured on a Kofler bench apparatus. 

Chemicals 
The three G factors (G,, G,, G3) were syn- 

thesized according to the literature [ll]. 

Ru(II)-catalysed reaction 
In a round bottom two-neck flask equipped 

with a reflux condenser and a CaCl, tube we 
introduced under argon a solution of G, (0.375 
mmol, 100 mg) in anhydrous toluene (2 ml) and 
RuCl,(PPh,), (0.024 mmol, 100 mg) in toluene 
(2 ml). The mixture was stirred under reflux and 
the reaction was followed by TLC until complete 
consumption of the G, substrate. Thermal acti- 
vation seemed necessary as no reaction occurred 
at room temperature. TLC on a silica gel plate 
with diethyl ether-light petroleum (4:6) as 
eluent showed the appearance of two products; 
one (RF = 0.10) was revealed with a 10% etha- 
nolic solution of phosphomolybdic acid and the 
other (RF = 0.22) absorbed at a UV wavelength 
of 254 nm. The reaction mixture was dissolved in 
toluene (5 ml), passed through Celite, concen- 
trated and purified by medium-pressure liquid 
chromatography [20 g of 6-35 pm silica gel 
(Amicon), column I.D. = 20 mm]. We obtained 
68 mg (yield 68%) of compound 1 (RF = 0.10) 
and 25 mg (yield 29%) of compound 2 (RF = 
0.22). 

Compound 1: m.p. = 142°C; IR (CHCl,, v 
cm-‘), 3500 (OH), 1750 (C=O)lac,, 1740 

0 
OH 
‘/ w-c, 

2 + E forms 
2a + 2b 
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(C=O)ket., 1600 (CC); ‘H NMR (200 MHz, 
CDCl,, 6 ppm), 0.14, 1.28, 1.38, 1.44 (4% 4X 
3H), 1.51 (s, 6H), 4.00 (s, lH, OH), 7.46 (s, lH, 
HC==C); 13C NMR (50.32 MHz, CDCl,, 6 ppm), 
220, 161.1, 157.7, 131.1, 103.0, 85.3, 81.3, 52.4, 
26.5, 25.8, 25.1, 24.1, 27.6; MS (EL m/z), 268 
(M+, 2%) 251 (5%), 164 (14%), 139 (lo%), 
112 (lOO%), 97 (20%), 84 (79%), 69 (78%), 43 
(55%). For the X-ray structure, see ref. 11. 

Compounds 2a and 2b: IR (CHCl,, v cm-‘), 
3383 (OH), 1752 (GO), 1699 (C=O), 1613 
(C=C); 13C NMR (50.32 MHz, CDCl,, S ppm), 
219.6, 212.4, 153.2, 141.2, 123.7, 70.4, 53.4, 
50.4, 53.1, 50.9, 29.5, 27.3, 21.9. 

RESULTS AND DISCUSSION 

The crude mixture from the Ru(II)-catalysed 
reaction was analysed by using capillary GC. The 
chromatogram obtained under optimum condi- 
tions is presented in Fig. la. We observe three 
main peaks at t,, = 2.41 min, t,, = 4.16 min and 
t,, = 8.70 min in a ratio 29.2:8.3:62.5, respec- 
tively. After medium-pressure liquid chromatog- 
raphy we obtained the two fractions mentioned 
above corresponding to the spots observed on 
the TLC plate. 

Capillary GC of these fractions (Fig. lb and c) 
showed that the first (TLC, R, = 0.10, com- 
pound 1) corresponds to the peak at t,, = 8.70 
min and the second (TLC, R, = 0.22) corre- 
sponds at two major products at t,, = 2.28 min 
and t,, = 4.14 min in a 77:23 ratio inseparable 
under liquid chromatographic conditions. NMR 
spectroscopy (CDCl, as solvent) of compounds 
2a and 2b showed major trends in their structure 
(e.g., ethylenic protons at 6 = 6.31 and 6.82 ppm 
and six major peaks corresponding to the methyl 
groups at 6 = 1.42, 1.29, 1.20 and 1.52, 1.47, 
1.19 ppm) and their identification was performed 
by GC-MS. The GC-MS analysis (Fig. 2) 
showed that the two compounds have the same 
molecular mass (m/z = 224) and identical frag- 
mentation patterns, in agreement with an ethyl- 
enic P-diketone structure 2. It is noteworthy that 
the transformation of the cyclic G peroxides in a 
probably one-electron reaction leads to the 
major product 1, which shows a gem dimethyl 
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Fig. 1. Capillary GC of the Ru(II)-catalysed reaction of G,. 

(a) GC of reaction mixture; (b) GC of compound 1 after 
purification; (c) GC of compound 2 after purification. Col- 

umn, HP-1 (25 mX0.2 mm I.D.; 0.33 pm); 7’,,,,=lWC; 

Ti,i, = 180°C; Tdet, = 220°C; flow-rate = 1 mllmin. 

butenolide structure framework that is common- 
ly found in various natural products extracted 
from plants [14-161. It would therefore be inter- 
esting to examine further whether compounds 1 
and 2 can be identified in different Eucalyptus 
species, especially those where G factors have 
not been identified. 

As capillary GC was very efficient in the 
identification of the catalytic degradation prod- 
ucts of G3, we were also interested in the 
comparison of the two chromatographic tech- 
niques (GC and LC) in the analysis of G,, G, 
and G, peroxides. Concerning the G,, G, and 
G, growth factors, the data obtained by ana- 
lytical chromatography showed a clear and rapid 
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Fig. 2. GC-MS analysis of compound 2. Column, HP-l (25 
m x 0.2 mm I.D.; 0.33 pm); T,,,, = 150°C; T,,i, = 180°C; 
T dst, = 220°C. 

differentiation of the three compounds under the 
experimental conditions described previously 
[ll]. On the other hand, capillary GC of these 
compounds seems to be more difficult because of 
thermal modification of the products. 

Capillary GC was performed on a BP-l col- 
umn (12 m x 0.33 mm I.D.; 0.5 pm). For G, 

(TINtXl = 145°C Tinj. = 190°C Tdet, = 200°C) a 
peak with retention time of 11.42 min was 
observed. A glass liner was added to increase the 
heat capacity as G, has a higher melting point 
than G, and G, (170 versus 100 and 127”C, 
respectively) [ll]. Under such conditions we 
observed a degradation of the compound at 
Tinj, > 190°C. 

A well defined mixture of G, and G, com- 
pounds (8:92) determined by analytical LC (Fig. 
3a) was examined by capillary GC (Fig. 3b). It 
appears from the latter chromatogram (form of 
the peaks, G,:G, ratio) that a good differentia- 

1 

b 

Fig. 3. Analytical HPLC and GC of an 892 mixture of G, 
and G,. (a) HPLC: Novapak silica gel column (150 mm x 3.9 
mm I.D.; particle size 4 pm); eluent, isooctane-methylene 
chloride (4060); flow-rate, 1.5 ml/mitt; detection wave- 
length, 254 nm. (b) GC: column, BP-1 (12 m x 0.33 mm 
I.D.; 0.5 pm); Tovcn = 145°C; Tinj = 200°C; Tdct, = 200°C; 
flow-rate = 1 ml/min. 

tion between the two compounds cannot be 
achieved and that G, and G, tend to equilibrate 
in the column. It was verified that this was due to 
heating; when a solid mixture of G, and G, 
(8:92) was heated and then measured by ana- 
lytical LC, the same equilibration was observed. 
A correct measure of G, and G, was therefore 
not possible using capillary GC. 

CONCLUSIONS 

We have described the analysis and identifica- 
tion by chromatographic methods of the growth 
factors G,, G, and G, and the products of the 
Ru(II)-catalysed reaction of G,. Whereas ana- 
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lytical LC can be used with success for the 
analysis of the G factors, capillary GC is pre- 
ferred for studying and identificying the com- 
pounds obtained from the Ru(II)-catalysed re- 
action. 
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