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with MeOH (0.1% HC1) for 3-4 min during stirring. Approx
959% of the anthocyanins was extracted with only a small
amount of chlorophyll present. Extract was filtered and
evaporated to ca 1 ml. Residue was taken up in 10 ml MeOH
(0.01% HCl) and the anthocyanins precipitated Et,O. The
ppt. was filtered, dissolved again in 20 ml MeOH, repptd with
Et,0, and dried. Yield: 0.45g red powder. A total of 1.2g
crude pigment was isolated in this way. 1.2g Pigment was
dissolved in 50 ml 30% aq. EtOH (2ml 2N HCl/), adsorbed
ona2 x 35cm PVP column prepared in H,0, and the column
washed with H,O (400 ml). The anth ins were separated
and eluted with 30% aq EtOH (2 ml 2N HCI/D. The pigment
fractions were evaporated to dryness at 25° dissolved in a
minimal amount of MeOH, precipitated with EtO,, and dried.
Fractions 1 & 2 were rechromatographed on PVP; fractions
3, 4, and S were further purified and separated using descending
PC in solvent 2. Each fraction gave 2 pigment bands. These
were repeatedly purified via PC, eluted from the paper, pre-
cipitated with Et,0, and dried. Yields of pure pigments:
Fr.1: 18 mg, Fr. 2: 12 mg, Fr. 3a: 14mg; Fr. 3b: 18 mg; Fr. 4a:
17 mg; Fr. 4b: 15mg; Fr. 5a: 14 g and Fr. 5b: 16 mg. Alkaline
hydrolysis of the pigments and identification of the hydrolysis
products was carried out according to [5].
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Identification of malonic acid as acylating agent. Et,O
extract from pigment 2 was evaporated to dryness, and the
residue silylated [6]. Malonic acid was identified as the silyl
derivative with an authentic reference on a Carle AGC-211
gas chromatograph (Column: 6 length; LD. 0.085", 89,
OV 101 on Chromosorb W-hp, 100120 mesh. Column temp:
100°, Carrier gas N,, 24 ml/min, FID).

Hydrolysis of the pigments and identification of the acyl
sugar. This was carried out with 5mg pigment material on
Dowex 50W-X8 as described elsewhere [5].
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Abstract —Identification of the anthocyanin pigments in the flowers of six genotypes of Callistephus chinensis has
confirmed that a series of multiple alleles, R, r' and r are responsible for the production of delphinidin, cyanidin, and
pelargonidin derivatives respectively. However, mixtures of anthocyanidin types were present in all genotypes. In
the presence of gene M, mainly 3,5-diglycosides were found; in recessive genotypes (mm) there were only 3-mono-
glucosides. Unstable acylated derivatives of these pigments were also present.

INTRODUCTION
In an extensive paper on the genetics of Callistephus
chinensis, Wit [1] postulates a series of multiple alleles,
R, r' and 1, governing the production of delphinidin,
cyanidin, and pelargonidin respectively. He also reported
a gene M determining the glycosidic type of the antho-
cyanins. In the presence of MM and Mm, there are two
sugar residues attached to the anthocyanidin; in

recessive genotypes (mm) there is only one. Although
Wit’s results have been questioned on several counts
by Beale [2], no further investigations have been carried
out. The presence of multiple alleles introduces the
concept of a stepwise mutation of genes to produce,
ultimately, homologous enzymes with different qualita-
tive effects [3]. For this reason alone, a confirmation
of Wit’s results is of some importance.
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Table 1. Chromatographic and spectral properties of the
delphinidin-based pigments of the genotype RRmm

R¥{x 100)in
Pigment BAW BuHCI 19 HClI HOAc-HCI
1 (Dp 3—glucoside) 18 07 02 17
11 (acylated deriv) 25 17 03 23
11X (acylated derwv) 41 29 06 37
spectral properties
Amax in MeOH-HCI Etto/Enx Ej310/Eax

Pigment {nm) (as %) (as®;)

1 276, 535 20 25

I 274,537 19 23

m 274, 537 20 24

*All R’s on 0.1 mm cellulose TLC plates (Schleicher and

Schiill). On controlled hydrolysis band III gave band II in a

few minutes, which then gave band 1 and delphinidin. Band II
gave band I and delphinidin.

RESULTS AND DISCUSSION

Flower pigments of each genotype were separated,
purified and analysed by standard procedures [4].
Typical chromatographic and spectral data are shown
in Table 1 and the complete results on all genotypes
are collected in Table 2. There were some problems
in identification and these are considered in respect of
the pigments of genotype RRmm. One pigment
was readily identified as delphinidin-3-glucoside but
the other two components could only be partly character-
ized (see Table 1). Both gave delphinidin-3-glucoside on
alkaline hydrolysis and this and other evidence indicates
that they are acylated derivatives. However, the acyl
group was not a hydroxycinnamic acid (from UV
evidence) and is possibly aliphatic in nature. Similar
unstable, incompletely characterized acylated antho-
cyanins have been reported before from other plants
[5-14]. Analyses of the other two mm genotypes
gave in the same way cyanidin and pelargonidin 3-
glucosides, accompanied in each case by two acyl
derivatives.

The pigments of the MM genotype only differed from
the above compounds in having an extra sugar at the
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5-position. Thus delphinidin, cyanidin and pelargoni-
din 3,5-diglucosides were present, again each pigment
being accompanied by two acyl derivatives (Table 2).

Wit’s [1] hypothesis concerning the existence of
multiple alleles at the R-locus, doubted by Beale [2],
has thus been confirmed. The possibility of two closely
linked genes is improbable, because no recombinants
were found among 8900 plants so far tested [15]. How-
ever, our chromatographic results differ from those of
both Wit [ 1] and Beale [2] in that genotype r'r’ contained
in addition to the main cyanidin derivatives considerable
amounts of pelargonidin and delphinidin glycosides.
In genotype RR similarly there are indeed chiefly
delphinidin glycosides but also cyanidin and possibly
pelargonidin glycosides. Wit [ 1] found in these genotypes
only one or at most two types of aglycones, whereas
Beale [2] reported a mixture of delphinidin and pelar-
gonidin derivatives. Thus in our material the degree of
oxidation of the anthocyanidin moleculeis not completely
under genetic control, since the effects of the alleles
R, r’ and 1, only determine which major anthocyanidin
is produced. This may be related to Wit's {1] hypo-
thesis that another locus I in the genetic background is
responsible for a general increase in the degree of
oxidation of the anthocyanidins and that allels R, r’ and r
simply code for hydroxylases with different substrate
specifities.

Plant material. Flowers of six pure lines of Callistephus
chinensis with the gene combinations RRMM, r'r’'MM, rrtMM,
RRmm, r'rmm and rrmm were used. The material came
initially from Institut fiir Vererbungs- und Ziichtungsforschung
der Technischen Universitit Berlin. It was further developed
in Lehrstuhl fir Genetik der Universitit Tiiblingen so that the
above mentioned six pure lines could be investigated in the
presence of an isogenic background. The genetic background
contains in all cases II and PaPa according to Wit[1].

Isolation and purification. Flowers were collected in September
1975. Only the anthocyanin containing parts of the flowers were
used for the extraction of the pigments with 2 x 0.1 %, MeOH-
HCl within 48 hr at 4°. The MeOH-HCl extracts were combined
and concentrated. The pigments were redissolved in distilled
water, washed with Et,O (x 3), and with ETOAc ( x 3).

Table 2. Anthocyanin pattern of the six genotypes

Pigment/genotype rrmm r'I'mm RRmm rTMM r'’MM RRMM
Pg -3-glucoside (I) ++ + - h A ~ o
Pg -3-glucoside acylated (II) ++++ ++ + -

Pg-3- glucoside acylated (IIT) ++ + -

Cy -3-glucoside (I) + ++ + traces

Cy -3-glucoside acylated (IT) ++ + 4+ ++ > of

Cy -3-glucoside acylated (III) + - ++ + - 3-monoglucosides

Dp -3-glucoside (I) - + ++

Dp -3-glucoside acylated (II) — ++ ++++

Dp -3-glucoside acylated (III) = + ++ )

Pg -3,5-diglucoside (T) 3 A ++ + -
Pg -3,5-diglucoside acylated (II) ++++ ++ + -
Pg -3,5-diglucoside acylated (III) No ++ + —
Cy -3,5-diglucoside (I) evidence + ++ +
Cy -3,5-diglucoside acylated (II) S of ++ +++ ++
Cy -3,5-diglucoside acylated (IIT) any ? ? ?

Dp -3,5-diglucoside (I) 3,5-diglucosides - + ++
Dp -3,5-diglucoside acylated (II) - ++ +++
Dp-3,5-diglucoside acylated (Il) - ? ?

Key: concentrations: + + + + very high; + + + high; + + medium, + low; + — traces; — not detectable.
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Chromatography. The following solvent systems were used:
BAW, n-BuOH-HOAc-H,0 (4:1:5 and 6:2:2): BuHCl, »-
BuOH-2N HCI (1:1); HOAc-HCl, HOAc—conc. HCI-H,0
(3:1:8 and 15:3:82); dil. HOAc (85:15); dil. HC1 (97:3); Bu-
HCI-W, n-BuOH-HCI-H,0 (5:1:2).

Purification of anthocyanins. A concentrated extract was
streaked on paper MN 218 (Machery and Nagel) and separated
with BAW for 24-36 hr. Bands were further purified by success-
ive chromatography in dil. HOAc and BAW on paper 2043b
and 2945b (Schleicher and Schiill), pigments being eluted from
the paper with MAW (MeOH-HOAc-H,0, 70:5:25).

Spectral analysis. Purified pigments in MeOH containing
0.1% HCI were used to give absorptivities of 0.60-0.90 at the
visible maximum.

Acid hydrolysis. Total hydrolysis of crude extracts or the
purified pigments was in 10% HCI at 100°C for 1 hr. The
aglycones were extracted with amyl alcohol and chromato-
graphed, along with appropriate markers, on 0.1 mm cellulose
TLC plates (Schleicher and Schiill) using HOAc-HCL The
aqueous hydrolysate was vacuum concentrated and chromato-
graphed, with authentic sugars, with BAW (6:2:2) on 0.5mm
cellulose TLC plates. Controlled hydrolysis of the purified
pigments was in 109, HCI at 60-70° for at least 1 hr. Aliquots
were examined on 0.lmm cellulose TLC plates using HOAc—
HCI and Bu-HCI-W.

Alkaline hydrolysis. Alkaline hydrolysis was in 105, KOH
under N, in the dark at 25° for 1 hr [14]. After acidification, the
reaction mixture was evaporated to dryness under vacuum and
the solid residue extracted with n-PrOH (3 x 1ml). The PrOH
extract was evaporated to dryness and the residue redissolved
in MeOH. Portions of this solution were chromatographed,
with samples of the crude extract and authentic samples from
Matthiola incana, on paper 2043b (Schleicher and Schiill)
using BAW. An additional portion of each MeOH extract was
evaporated to dryness, extracted with Et,O(3 x 1ml) which was

evaporated to dryness, and the residue redissolved in MeOH.
This solution was spectrally examined and chromatographed
along with hydroxycinnamic acid markers on 0.1mm cellulose
TLC plates using BAW.
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Key Word Index—Aniba gardneri; Lauraceae; aniba-dimer-A; rel-(1R,6S,75,85)-5-methoxy-7-phenyl-8-[6-
(4-methoxy-2-pyronyl)]-1-( E)-styryl-2-oxabicyclo[4,2,0Jocta-4-en-3-one.

Abstract —Aniba-dimer-A from Aniba gardneri (Lauraceae) is shown by X-ray crystallography to be rel(1R,6S,78,8S)-
5-methoxy-7-phenyl-8-[ 6-(4-methoxy-2-pyronyl ]-1-(E)-styryl-2-oxabicyclo[ 4,2,0]octa-4-en-3-one.

Aniba-dimer-A (1), a constituent of Aniba gardneri
(Meissn.) Mez (Lauraceae), was synthesized by exposure

* Part 38 in the series ‘The Chemistry of Brazilian Lauraceae’.
For Part 37 see ref [1]. Sponsored by Conselho Nacional de
Desenvolvimento Cientifico ¢ Tecnolégico, Fundagdo de
Amparo i Pesquisa do Estado de Sdo Paulo, Banco Interameri-
cano de Desenvolvimento and Banco Nacional de Desen-
volvimento Econdmico.

of the co-occurring. monomer 5,6-dehydrocavain (2a) to
sunlight. The structure proposed for aniba-dimer-A (1)
relied on a consideration of NMR and MS data [2,3].
As already noted with respect to the analogous photo-
dimer of tri-O-methylhispidin (2b) [4], it is not possible
to distinguish between the four possible stereoisomers by
consideration of vicinal coupling constants for the
cyclobutane protons. The sole configurational detail



