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Abstract-3-Oxoa-ionol, vomifoliol and dehydrovomifoliol were identified for the first time in fruit from Vitis 
uinifera. The last named compound was mainly present free in the juice while the others existed predominantly as 
conjugates. In thecase of vomifoliol, theconjugation was with glucose, i.e. as roseoside. Hydrolytic studies on 3-oxo-a- 
ionol and vomifoliol gave a range of compounds which have been recognized as fruit and plant products. 

INTRODUCTION 

Many volatile flavorants of Vitis vinifera juices and wines 
are formed by acid hydrolysis from non-volatile pre- 
cursors in the fruit. Precursors of a diverse range of 
compounds, including monote~nes [ 1,2], phenolics 
[3]. benyl alcohol, 2-phenylethanoi [43 and CrJ nor- 
isoprenoids [S], have been found. Studies on precursors 
of monoterpenes and aromatic alcohols in Muscat and 
Riesling juices demonstrated that these compounds com- 
prised a complex mixture of acid-labile glycosides [6]. in 
work on the C, r nor-isoprenoids, triols 1 and 2 have been 
identified and shown to be precursors of a number of 
volatiles in grape juices and wines [SJ. 

The present communication reports for the first time 
for grapes, the identification of 3-oxo-a-ionol 3, vomi- 
folio1 4a and (tentatively)dehydrovomifoliol 5. Roseoside 
4b, a glucoside derived from vomifoliol, has also been 
isolated from Riesling juice and characterized. The roles 
of 3 and 4a as precursors of volatile Ravorants are 
examined. 

RESULTS AND DISCUSSION 

1995 

Isolates from juice of the Vitis uinifera varieties, Muscat 
of Alexandria, Muscat a petit grains blanc, Riesling, 
Gewiirtztraminer, Shiraz and Chardonnay, were obtained 
from C,s reversed phase adsorbent by methanol elution, 
as previously described [7J Treatment of these isolates 
with the crude commercial pectinase, Rohapect C [7], 
yielded 3 and 4a in amounts up to 1 mg/l. from each 
variety examined. The approximate proportions of 3 to 4n 
released in these experiments were 5:l (Muscat of 
Alexandria), 2: 1 (Muscat d petit grains blanc), 1: 2 
(Riesling), 1:6 (Shim@, 4: 1 (Gewiirtxtraminer) and 1:4 
(Chardonnay). This indicated that considerable variation 
was possible in the relative amounts of each compound in 
fruit from the species Vitis vinifera. Moreover, it suggested 
that 3 and 4a are ubiquitous in V. ttinifiro fruits, since 
varieties examined here included red and white, as well as 
those which are highly tlavoured and more neutral. 

As free compounds, 3 and 4a were found only in trace 
amounts in the juices examined. Dehydrovomifoliol 5, 
which, for lack of a reference sample, was so designated 
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from mass spectral data [S], also co-occurred with 3 and 
4a. However, diketone 5 was present mainly free in the 
juice. In an effort to determine the nature of the conju- 
gation involved with thesecompounds, the bound form of 
vomifoliol was isolated from Riesling juice. Spectral 
studies established this to be a diastereoisomeric mixture 
of the roseosides 4b. 

Roseoside 4b was first isolated and characterized in 
Vinca rosea [9] and has been subsequently identified in 
Bet&a ah, Cydonia oblong Cktenomeles japonica [lo] 
and N~cot~ sp. [ 111. in this last species, 4b has been 
found to co-occur with glucosides of several C,:, nor- 
isoprenoids, including that of 3 [ 123. It now seems likely 
that this co-occurrence of glycosides is the case in Vitis sp. 
as well, although the bound form of 3 has not as yet been 
isolated in a pure state from grape juice. 
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There has been considerable speculation as to the role 
of CIJ compounds in plants. Many of the compounds 
found so far are skeletally related to known carotenoids 
[13]. However, vomifoliol 4a also bears a structural 
similarity to the well-known plant hormone abscisic acid 
(ABA). Jamaican workers have shown that 4a was as 
effective as ABA in causing stomata1 closure in epidermal 
strips from Eichhornia crass&es, but, unlike ABA, it 
exhibited no growth effects [ 14,151. It has been suggested 
that 3 might also possess biological activity [ 143, but there 
have been no reports so far to confirm this. 

Our interest in 3 and 40 was not related to biological 
activity, but stemmed from their possible role as pre- 
cursors of volatile flavorants in grape juices, wines and 
brandies. Model hydrolyses were carried out on the 
authentic materials to investigate such a hypothesis. 

Ketoalcohol3 was found to be only slightly susceptible 
to acid catalysed reaction at natural juice pH (co 3), but 
decomposed readily when heated at pH I in aqueous 
solution. Megastigmatrienones 6 and 7 were major prod- 
ucts, along with an unknown possessing the following EI 
mass spectrum at 70 eV, m/z (rel. int.): 190 (53), 175 (69), 
148 (251,147 (SO), 133 (75). 106 (loo& 105 (35), 91 (SOL 77 
(23), 41 (40). Although water elimination was clearly the 
favoured process during acid treatment of 3 at pH 1, small 
quantities of isophorone g, as well as diones 9and 10, were 
also formed by degradation involving loss of the side 
chain. Aasen et al. [ 161 found the megastigmatrienones 6 
and 7 as tobacco constituents and prepared them by acid 
treatment of 3. They did not, however, report any 
additional products of the reaction. 

Vomifoliol 4a was resistant at pH 3, but rearranged 
extensively with heat at pH 1 to produce a series of 
ketones-3-oxos-ionone 11, the four diastereoisomers of 
dihydro-oxoactinidol12, the naphthalenone derivative 13 
and the ~methylphenylbutenone 14. Three C9 com- 
pounds were also formed as a result of loss of the C, side 
chain, i.e. trimethylphenol 15 and ketones g and 10. It is 
noteworthy that the dihydro-oxoactinidols 12 were also 
observed in trace amounts as natural products amongst 
the enzyme-liberated compounds from the Gewiirtz- 
traminer juice. 

Many of the compounds formed here by acid hydro- 
lysis from 3 and 4a were first reported as grape products 
when an isolate of Muscat of Alexandria juice was heated 
at pH 1 [ 173. Subsequently, juices or isolates from several 
varieties have been heated in our laboratory and most of 
the volatile Cl3 and Cg compounds obtained hydro- 
lyticall) from 3 and 4a have been observed after such 
treatment. It thus seems reasonable that glucosides of 3 
and 4a are the precursors of these volatiles. The product 
distributions obtained are of course dependent upon the 
conditions of treatment and may not reflect differences in 
composition of the precursors in the fruit. For example, 
Davis et ai. [18] have shown that ketone 11 will cyclize to 
naphthalenone derivative 13 under acidic conditions. 

EXPERIMENTAL 

isolation and o&ysis offree and bound compounds from grape 
juice. Solvent extraction of free volatiles and the methods used for 
isolation and enzyme liberation of bound compounds were 
essentially the same as tbosedeacribed in ref. [‘I]. Analysis by GC- 
MS[17JwascarriedoutusingaquartzsilicaBPlOcolumn(SGE, 
Melbourne), heid at lOOn for 1 min and then programmed at 
so/min to 260”. 

Identijicarion of oolariles. Authentic samples of 3 [19], a 
mixture of6 and 7 [ 161, and 9 [ZO) were prepared by lit. methods, 
8 was commercially obtained and 4a [21] and 12 [223 were 
donated. Spectral data for the above compounds, including 8 and 
9 1231, agreed closely with those given in the lit. cited. EIMS of 
4~m/z(rel.int.)168(3),150(5),135(5),125(10),124(100),121 (81 
111 (6), 79 (13), 55 (12), 45 (18). 43 (50). 41 (13). 

Positive iden~E~tions of volatiks from juice isolates were 
made by co<hromatography with authentic materials to give 
symmetrical peak enhancement and identical MS with those of 
the ref,compounds. Components 5 [8], 10 [24],1 I[19], 13 [IS], 
14 [25] and IS [23] were identified on the basis of published MS 
data alone. 

fsolation and ident#icarion of roseode 4b. A Cl,, reversed 
phase isolate from Riesling juice (12 1.) was treated with PVPP 
and subjected to droplet counter current analysis (DCCC) [3]. 
Rose&de Ib was isolated from a DCCC fraction as its tetra-O- 
aoetyl derivative (10.9 mg) after flash chro~tog~phy on silica 
pi [26]. The isolated diastereoisomeric compound (R, 0.28 on 
silica gel 60 with Et,0 as solvent) had the following spectral 
properties. IR (KBr disc): 166Ocm.‘, 35OOcm-‘. ‘%NMR 
(22.49 MHz; CDCIJ; M equals me~ti~ane; G equals glucosek 
618.9 (CH,-MS); 22.0, 22.9 and 24.2 (Ml0 and CH,-MI; not 
specifically assigned), 41.2 (Ml). 49.6 (M2), 61.8 and 62.1 (G6), 
68.5 (G4); 71.5 and 71.9 (G2 and GSk 72.9 (G3), 74.8 (M9); 79.0 
(Mbk 98.4 and 100.0 (Gl); 127.0 (M4); 130.6, 131.8, 132.4, 133.4 
(M7 and MS); 162.2 (MS); 20.6 (acetate CH,); 169.3-170.6 
(acetate CO). A signal for M3 not observed. ‘H NMR (90 MHZ, 
CDCI,): 60.97 and 1.06 (6H. 2s, CHJ-Ml), 1.20 and 1.27 (3H, Zd, 

CH,-MP), 1.7 (lH, b, OH) 1.86 and 1.89 (3H. 2d, J = 1.5 and 
I.2 Hz, respectively; CH,-MS), 1.98-2.05 (IZH, acetate methyls 
2.2-2.4 (2H, m, H,-M2). 3.6 (IH, 6, H-GS), 4.2 (2H. m, H-G6), 
4.4-4.6(2H,m,H-M9.H-G1),4.&5.3(3H,m,H-G2,G3andC4), 
5.6-6.0 (3H, m, H-M4, M7 and MS), CJ ref. [9]. EIMS (probe, 
70 eV): m/z 554 CM]’ (0.04). 539 (0.04),331(11). 207 (21), 206 (lS), 
I69 (41). 151 (22), 150 (48). 139 (2% I35 (171,127 (20), 123 (27), 
122 (30)‘ II5 (21), 109 (46), 107 (17), 98 (19). 97 (25). 95 (30), 85 
(29), 83 (16), 82 (IS), 81 (31), 79 (22X 69 (35). 67 (24), 55 (36), 43 

(loo). 
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