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Abstract—The flower pigments of about 100 different varieties of the Belgian hybrids of Rhododendron simsii
and other representative species and varieties from the Rhododendron subseries obtusum were studied by
TLC and absorption spectroscopy. The most common anthocyanins are cyanidin 3-monoglucoside and
cyanidin 3,5-diglucoside. Normally both pigments co-occur; the concentration of either one may strongly
exceed that of the other by 4- to 10-fold. Several varieties also contain peonidin 3,5-diglucoside. The violet-
coloured species and varieties contain malvidin 3,5-diglucoside. Azaleatin 3-rhamnosylglucoside is the most
common flavonol. The violet flowers also contain myricetin 5-methyl ether. R. indicum and some Kaempferi-
Malvatica hybrids contain quercetin instead of azaleatin.

INTRODUCTION

FLowER bud variation in the Belgian hybrids of the evergreen Rhododendron simsii Planch,
(syn. Azalea indica or Chinese Azalea)is a well-known phenomenon. Those sportsintroduced
as clonal strains have played a very important role in the creation of new varieties. In order
to elucidate the true nature of the sporting process one should first know the nature of flower
pigments. A new flower colour can be the result of new pigment synthesis but it may also be
caused by a change in either anthocyanins or flavonols. Therefore, the flower pigments of
about 100 different varieties (hybrids and sports) have been studied. R. simsii Planch.
belongs to the subseries obtusum (Azalea series) and other representatives of the same sub-
series that have been included in our study are: (a) from the Kurume group: R. obtusum
Planch. var. kaempferi Wils., R. obtusum f. japonicum Wils. (syn. R. kiusianum) and R.
obtusum f. amoenum Wils.; (b) from the Ryukyu group: R. mucronatum G. Don. f. ripense
Wils. and R. pulchrum Sweet. var. maxwellii; (¢) the Indica Azalea: R. indicum Sweet. (mac-
rantha) and the clone Kokinshita; and (d) the Korean Azalea: R. yedoense Rehder (syn.
Azalea yodogawa Grignan) and its form R. yedoense f. poukhanense Nakai. Several varieties
belonging to the Kurume- and the Kaempferi-Malvatica hybrids were also included.
Robinson and Robinson,! 2 using distribution tests, recorded the presence of cyanidin
3,5-dimonoside in the bluish-red flowers of the variety Mme. Van der Cruyssen, of a mixture
of cyanidin 3-glycoside and cyanidin 3,5-diglycoside in the variety “Hindu Girl” and of
cyanidin 3-monoside in a salmon-red variety. Hayashi? found quercetin derivatives as co-
pigments of the anthocyanins in flowers of Azalea hinodigeri and Wada* later isolated from

1 G. M. RoBmson and R. ROBINSON, Biochem. J. 15, 1692 (1931).
2 G. M. RoBINsON and R. RoBinsoN, Biochem. J. 16, 1650 (1932).
3 K. J. Havasur, Pharmazie 5, 245 (1957).

4E. Wapa, J. Am. Chem. Soc. 78, 4725 (1956).
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white flowers of R. mucronatum G. Don. a quercetin 5-methyl ether, azaleatin, as the 3-
rhamnoside (azalein), the structure of which was confirmed by Jurd and Horowitz.’

In the present work, TLC on cellulose has been used for isolation and purification.
Absorption spectral measurements and R, values were used for pigment identification.

RESULTS AND DISCUSSION

1. Belgian Hybrids of Rhododendron simsii

A. Anthocyanins. 'The flower colour of the Belgian hybrids of Rhododendron simsii
ranges from white, pink, rosy red, orange, scarlet to magenta and violet. Most red varieties
only contain one anthocyanidin, i.e. cyanidin, that occurs either as the 3-glucoside or as the
3,5-diglucoside. Cyanidin 3-glucoside is accompanied by a second pigment provisionally
identified as the 3-glucosylglucoside and likewise cyanidin 3,5-diglucoside by the 3-glucosyl-
glucoside-5-glucoside (Table 1). For simplicity in the following account, the terms 3-gluco-
side and 3,5-diglucoside are used to include the secondary pigments. Normally both 3-mono-
and 3,5-diglucosides of cyanidin are present in one variety but the concentration of either
one may strongly exceed that of the other (4-10-fold). A few varieties also contain peonidin
(as the 3,5-diglucoside) and the few violet ones malvidin (as the 3,5-diglucoside).

TABLE 1. SPECTRAL CHARACTERISTICS AND R, VALUES OF ANTHOCYANINS ISOLATED FROM BELGIAN HYBRIDS OF
Rhododendron simsii

Amayx (DM) R, Descending chromatography on
in MeOH— Whatman No. 1
Pigment 0019 HCI +AlCl BAW Bu-HCl 19, HCI HAc-HC1

Cyanidin 3-glucosylglucoside- 526 365 025 0-06 0-56

5-glucoside } 0-34
Cyanidin 3,5-diglucoside 524 559 0-31 0-09 013
Cyanidin 3-glucosylglucoside 526 564 0-35 023 043 022
Cyanidin 3-monoglucoside 526 558 0-40 0-24 0-05
Peonidin 3,5-diglucoside* 522 522 0-26 013 016 042
Malvidin 3,5-diglucoside* 534 534 0-22 0-09 015 0-38

* The peonidin and malvidin 3,5-diglucosides when run in BAW on ceilulose-coated glass plates also
separate in two spots in the same manner as the cyanidin glucosides. The R,s are between those of cyanidin
3,5-diglucoside and cyanidin 3-glucosylglucoside.

B. Flavonols. Azaleatin occurs in fluctuating amounts in the different varieties; normally
the concentration is high in deep-red and blue-red varieties and very low in scarlet, salmon
and stone-red varieties. This flavonol usually occurs bound to glucose and rhamnose but a
3-glucoside is also present in white varieties (Table 2). Myricetin 5-methyl ether has been
found in the few varieties with violet flowers. Egger® previously reported the presence of the
latter flavonol in violet flowers of R. catawbiense Michx., R. japonicum Suring. and R.
obtusum Planch. var. amoenum Rehd.

C. Survey of the flower pigment composition of the different varieties. 1. Varieties containing
one anthocyanidin (cyanidin). A. The amount of cyanidin 3-monoglucoside strongly exceeds
that of the 3,5-diglucoside (4-10-fold).

(a) Deep red — blue red (high flavonol content): Olympia, Ambrosius, Ambrosiana,

Knut Erwin, Martin Winter, Carmen, Prosper Van den Dael, Leuchtfeuer,

5 L. Jurp and R. M. HorowitZ, J. Org. Chem. 22, 1618 (1957).
6 K. EGGER, Z. Naturforsch. 17b, 489 (1962).



255

The flower pigments of the Belgian hybrids of Rhododendron simsii

‘paunuIdgap 10N I
‘wu 987-097 1€ pareadde uonosgul ue pue pareaddesip 1] pueq (OVOEN-HO?d UL SJOUOABY [[B UO dpRLU 2IoM SIUdWLdINSBIW [endadg |
*[B1S310,] Ul 9€-0 PUR A\ Ul 8/.0 ¥ PBY 31 PUB 90UIJAI B S Unl sem upadiond) (IDH-HOOH-OH) saeid as0[nj[2 uo AyderSorewolys Surpuadse
AQ S}0BIIX3 9pNId UO J0 ([B153204 pue OVH %09 ‘M V) 1oded [ *oN ueuneym uo AydeisSojeworyd Surpuaasap £4q swswsdid payund Uo powmiwiIaop sy .

(1onpoad sisA[oapAy)

£0-0 6C-0 61-0 0 ‘pu 3 1334 [4Y A A J3Y3a [AyIPW-G-UNBILIA N
(12ded uo Z7-0) £0-0 S0 Lz0 850 9LT ‘Ob ‘9TE s8¢ :{44 78T ‘99¢ (1onpoid sisAjo1pAy) unesfezy
(1aded vo 09-0) 95-0 ‘pu £9:0 6L-0 pu LSt 144 LT ‘¥6T ‘8€€ apisoonjdouwrey-¢ unes[ezy

8¢-0 pu ¥9-0 290 pu 89t L:1a4 8T ‘ovt laprsoon(3-¢ uneajezy

(€:0£:09) [eisalog OVH mvd 1HOEN tog*H oIV HO¥X yuowsig
[OH-H*0DOH-O°H 709 W 7000 -OVOEN -HOd
- v d +HOM™ -HOH
ULy — y

ﬁHm AEH—V Il-ﬂ‘

uswits uodpuspopolyy 30 SAIddAH NvIDOT13d WOYd d3LVT0SI STONOAVIA 40 SANIVA 7y ANV SOLLSTHALOVYVHO TVHLOAdS " g1av],



R. DE LoOOSE

256

- + - - - + + +++ (+) (aLs) €8 (PHIQAY awnany) SIpoury
— — — ++ + - - (+) +++ (g8¢) 16 Jopeaio],
- (+) - - - ++ + +++ $6 SIAnM "IN
(wnorpuy
- - - + 4+ - + + + 4+ (acs) s6 X SWININY) SepsudxIopaoy
INOJOO JUig 01 poy doa(q
- - - +++ - + 4+ ++ + (+) (OL9) 15 Hods pay
- — + ++ +++ - ++ - (azu) vs WIOIA
PLIqAY swnuny) Idnsyeq
+ - + + + 4+ +++ - - - (OTL) 68 (PIgAYy BURIANA) USAOYIRRY
Inojod JIIOTA
SALLATHV A
+ - ++ +4++ +++ - - - Oz 9t BONBAJRN
reyeN
+ - ++ + 4+ + 4+ - (+) (+) (0o8L) st asuauvyynod °y asusopad -y
+ - ++ +++ +++ - (+) (+) [43 1opyay asuaopad -y
— (+) - - - - + +++ 9L BIYSUDJOT]
— + + — - - - + +++ (v79) 05 "1IIMS WndIpul "y
*S[IM 2suadis
+ = + -+ +++ + - - - £ JUCD "D wmpuoonu "y
nypamxoiu
— — — + + + - + 4 4 + 4+ + (+) s “IBA “Joam§ wnayond ¥
+ — - ++ - - - - 0 10ds oy
+ - ++ +++ ++ - - - 6C WIOIA
SIIA
windod/ *) "YdUe[J wnsniqo Yy
“SITA Mafduiany
- — — (+) — — + 4+ + (+) +S *IeA "Youe|q winsniqo Yy
- - + ++ ++ - +++ - Q1L 8¢ 10IA
- — - + 4+ + - +++ +++ (+) 001 yods pay
*S[IA\ WHUIOWD *)
“YouR|J WnSniqo uopUaPOPOIY
SHIDALS
jorjdwoey  unRdwRNd 1419 opisoond  aprsoonjs  opisooni3  foprsooni8  jopisoonid ssuueidoyjue sarjatIeA JO sarvadg
[Aypawi-¢  -outeyl-¢ -Ip-g¢ -1p-¢‘¢ -p-¢°¢ -ouow-¢ Jo junowe
UNROUAIN  -UNEd[EZY  UIPIA[BN  UIPIUO3d  UIPIUBAD  UIpIUBAD aaleYy

syuowSI g

WNSNLEO STIIISENS U04PUIPOPOIY TAHL WOUA SAILANIVA ANV SFIOHS FWOS 4O SINFWOId ¥IMOTH ¢ T4V ],



257

imsit

The flower pigments of the Belgian hybrids of Rhododendron s

*3pisoon[31p-¢‘¢ UIPIURAD pue 9pIsoon|S-¢-apIsoon|S[AS0on]S-¢ WIPIULAD JO JINXIW JY) 0} S1JAI Sy Y |
*ap1soon|3-¢ UIpIueAd> pue apisoon|IjAsoon|3-¢ UIPIURAD JO 2INIXIMW 3Y) O} SIS SIY T, L

‘Suney 1ey) INojo)) eI NONIOH ‘S H Y 9y} 03 SI19Jol 1930rIq Ul oINS "(SIOMOY

POI YNm wnuaoup WI0Y wnsniqo *y) % 001 03 paj[enbs sem paure)qo snyj) snfea 1saySiy syJ, wu s ="""y e jonbie sjqelns ® UO PIINSBIUI SBM UONOUNXD
oyJ, “FeMm Ul % IDH W 0SZ JO SWNJOoA B UI SIdYIUE pue sjelad 1omol ysalj Jo 3 ¢ SuIXiur AQ PauitIs)dp Usoq 9ARY SJUNOWE UIURADOYIUR SATIRII 9Y],

‘Junowe dANeRI Y3y -+ + +

{(sarads pue soneiIBA UI9MIIQ OS[EB (S[OUOARY 10J) (AI9LIBA SUIES 9} PUR SUO UNJIM :SUIUBAIOYIUR 10J) JUNOWIR JAIRAI MO] AIOA ‘(+4) fjuasqe ‘— Aoy

(+)
+)
+++

++
+++

- +
- +++
- ++

+
- (+)
- +
- +

! |
P+ + 1

- (+)

+
+++
+++

+

+

+
+++
+++

+++
++
+
++
+

++
++

+++
(+)
+
+++
+++
(+)
+)

+++
+++
+++
+++

+++
+++

Ogss) T1
(0s9) ST
(@oes) €T
(V09) st
O LT
O8h) 1€
(VZ9) 6¢
Of9) €€

(999) 6¢
«aics
(aLv) €9
(aop) 89
@ai9) 1

(€zs) viL
€L

(PHIQAY SwnINDY) WL
[Tead juld
(p1agAy swnIny) yuid smne(d
(prIqAy swninyf) eprerowsy
Jurd fedoy
bEN |

uouwfes

pay
(pr1gAy swniny) oAewoury
(prrqAy swmnanyy) ofjesue)
opeNTIN
apipualds

uowes

ssoy
(eoneATeN X ojdwaey]) Anog
InOJ0d Py Asod
(eoneAley X Lojdwaesy) 91V
Jotzelq

17



258 R. Dk Loose

Perle de Melle, Glas 6, Simplet, Mme. Henny, Gloire de Claude Goyet, Mme.
Van Acker, Adventsglocke, Kees Bier, Mme. Petrick.

(b) Scarlet — salmon (low flavonol content): Herman Superba, Excelsior, Glas 9, Ilse
Kirger, Glas 10, Willem van Oranje, Prinses Margriet, Apollo, Oranje Boven, Dr.
Bergmann Feu, R. Van Oost, Mme. Coty, Benelux, Prinses Beatrix, Mme. G. Toe-
baert.

{¢) Rosy red (low flavonol content): Mme. Maenhout, Comtesse de Kerckhove.

(d) With white-edged corolla (high flavonol content): De Waele’s Favoriet.

B. The amount of cyanidin 3,5-diglucoside strongly exceeds that of the 3-monoglucoside

(4-10-fold).

(a) Deep red — magenta — blue red (high flavonol content): Etoile de Belgique, K.
Glaser, Memoria Sanders, Lentegroet, Rubis de Meirelbeke, Gloire St. Georges,
Glas 1, Euratom, G. Nicolai, Mme. Van der Cruysse, John Haerens, Josiane
Maeseele, Mme. Buyle, Red Wing.

(b) Violet (high flavonol content): Pink Dream.

(¢) Brick red — salmon (low flavonol content): Prinses Juliana, Mme. Collumbien,
Findeisen, Avenir, Haerens Lorraine, Mme. Van Gele, Melanie, saumonea and
rubra, Vervaeneana rubra, Mme. Leon Moreux, Haerensiana.

(d) Rosy red — pink —> light pink (low flavonol content): P. Schime, Marie Claude
Truffaut.

(¢) With white-edged corolla (or red periphery) (low flavonol content): Dresden, Capt.
Gau, Mme. Gau, Mme. Hartlieb, Mme. Mestdagh, Mme. Van Damme, Charles
Encke, Mme. August Haerens, Dr. Bergmann Saumonea, Eri, G. J. Bier, Perle de
Noisy, Souvenir de Theophile Piens.

11. Varieties containing two anthocyanidins (cyanidin and peonidin). The following
varieties contain peonidin 3,5-diglucoside in addition to cyanidin 3-glucoside and 3,5-
diglucoside (normally high in flavonol content): Alice Erauw, Eclaireur, Dr. Stahnke, Ernest
Eeckhaute, Ernest Thiers, Haerens Lorraine, Hexe, J. Rhoers, Mme. Bier, Mémoire John
Haerens, Milda Glaser, Prof. Wolters, Vervaeneana and its sports.

II1. Varieties containing malvidin. The following varieties with violet flowers contain
malvidin 3,5-diglucoside: Violacea (high flavonol content); Tempérance (high flavonol
content) ; Concinna (+ cyanidin 3,5-diglucoside) (high flavonol content); and Adrien Steyaert
(+cyanidin 3-glucoside + cyanidin 3,5-diglucoside) (low flavonol content).

2. Other Species and Varieties from the Rhododendron Subseries Obtusum

Table 3 gives the results of a survey of the flower pigments of these plants. Malvidin
3,5-diglucoside clearly occurs regularly in the violet-flowered species and varieties and is
accompanied by myricetin 5-methyl ether. The few known red sports from these violet
varieties (R. obtusum Planch. f. amoenum Wils., red-flowered type and ““ Hatsugiri’ with red
flowers) contain peonidin instead of malvidin 3,5-diglucoside and are not able to synthesize
the myricetin derivative (azaleatin is the only flavonol present). However, the presence of
azaleatin is not necessarily linked to the synthesis of peonidin, for cyanidin types (3- or 3,5-
diglucoside) containing no peonidin may also contain azaleatin. In the two representatives
from R. indicum Sweet. and in some varieties with very low flavonol content, azalatin is
replaced by quercetin, Kaempferol only occurs (in very low amounts) in a few violet varieties
and species.
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EXPERIMENTAL

Flavonoids were separated and identified by standard procedures.’-10 TLC was carried out on cellulose
MN 300. The solvent used for primary separation of anthocyanins was H,O-HCO,H-HCI (60 : 30: 3).
Sugars were identified by paper chromatography!! and TLC.12
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