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Ah&net-The transformation reactions of phloridzin in apple leaf homogenates and in the presence of 
crude apple leaf enzymes have been elucidated. Simultaneously with hydrolysis to phloretin, phloridzin is 
oxidized via 3-hy~o~~o~~ to the corresponding o-q&one. The second oxidation step, odiphenol 
-+ oquinone, can be inhibited with cysteine or ascorbic acid. The oquinone is a transient intermediate which 
rapidly undergoes polymerization reactions. 4-Methylcateehol and phloroacylophenones react under the 
influence of oxidizing agents to form coupling products. Struct- of these compounds have been elucidated. 
It is suggested that in leaf homogenates the o-quinone-from 3-hydroxyphloridzin reacts correspondiiy 
with phloretin and phloretin derivatives. 

INTRODUCTION 

PHLORIDZIN (I) is the main phenol present in apple leaves. Studies by Noveroske et aLIS2 
on the transformation reactions of phloridzin in the presence of apple leaf enzymes indicated 
that oxidation products may be involved in the defence mechanism of apple leaves against 
the scab fungus Venturia ituxe~is. They found that phloridtin, incubated at pH 5 with a 
crude enzyme preparation of apple leaves, rapidly yielded the aglycone, phloretin, which 
was sub~quentIy oxidized, The first oxidation product of phloretin was suggested to be a 
diphenol. This substance was not isolated. 

I 

Phloridzin 

Manometric m~surements indicated appro~ma~ly a mole-to-mole ~lations~p 
between loss of substrate and uptake of oxygen. This reaction sequence is inconsistent with 
their observation that phforetin was not oxidized when added to the enzyme preparation 
instead of phloridzin. Moreover, the conclusion of Noveroske et al. that spore germination 
of V. inaecpab was inhibited by an oxidation product of phloretin is not in accordance with 
the experimental data which showed that maximum degree of inhibition was obtained before 
oxidation bad oa,xrrred. 

The present investigation was undertaken to elucidate tire transformation reactions of 

1 R. L. NOVEROSKE, J. KuC and E. B. WILLS P~~ropurk&gy !!4,92 (1964). 
2 R. L. NOVEROS(E, E. B. Wrwhcp and J. Ku&, Phyroplrrrlrohgy !54,98 (1964). 
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phloridzin in the presence of crude enzyme preparations of apple leaves and in leaf homo- 
genates. The role of the transformation products of phloridzin in the defence of apple leaves 
against attack by V. inaequah will be the subject of future publications. 

RESULTS 

Only the very young leaves of scab-susceptible apple plants are susceptibfe.3 Fully 
unfolded leaves are resistant. The pH value of sap pressed from young apple leaves of 
susceptible as well as resistant varieties was about 6, whereas sap of the mature leaves had 
a pH of about 5. Enzymatic tra~sfo~ation reactions of phforiddn in the presence o 
acetone powders of young apple leaves were studied. The results to be presented were 
obtained with enzyme preparations of the susceptible variety Cox’s Orange Pippin. 
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FICA 1. OXYCZN MOUTON (~moles 02) AT D~FFFJWT pH V~~IN~~~ON~OF 
8~0lcs(3~2xl0-~ Mf P~R~ZMAM)ACRUDEENZYMEPREP~~ON(O.~ mgN@l) OFYOUNG 

IEAVESOFCOX'SORANGEPIPF-IN. 

Curve 1: pH 3.4; curve 2: pH 4*0; curve 3: pH 4.8; curve 4: pH 5.2; curve 5: pH 5.8; curve6: 
pH 6.5. 

Figure 1 shows the enzymatic (polyphenol oxidase = odiphenol: oxygen oxidoreductase) 
oxidation of 8 pmoles phloridzin at dif%erent pH values. The oxidations were of zero order 
kinetics at aft pH values. The oxidation started with a lag-phase which was most pronounced 
at high pH. Figure 2 shows the highest rates of oxidation of phloridzin (curve 1) (derived 
from Fig. 1) and phloretin (curve 3) at different pH. Curve 2 shows the rate of formation of 
phIoretin from phloridzin in identical incubation mixtures under anaerobic conditions. 

Since the rate of formation of phloretin was higher than the rate of its oxidation, phloretin 
should accumulate in aerobic incubation mixtures of phloridzin and the apple leaf enzymes 

3 E. J. BUTLIZ and S. 0. JONFS, Plant Parhoiogy, p. 735. MacmilJan, London (1949). 
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Curves 1 and 3 in Fig. 3 show the phloridzin concentrations in incubation mixtures at 
pH 5 and 6 respectively, curves 2 and 4 show the corresponding phloretin concentrations. 
The initial rates of formation of phloretin were about the same as in the corresponding 
anaerobic incubation mixtures, but the maximum concentration was reached when only 
about 3 pmoles of phloridxin had disappeared. Since the rate of formation of phloretin in 

FIO. 2. THE IN’FLUEN~E OF THE pH ON POLYP~N~ L 0XIDA.w AcnvITY (02 UmAKE) wrm PmmuDzlN 
(cunw 1) OR PHIDRETIN (CURVE 3) AS !suBmRAm AND &oLuccSnME AcmmY (PIsrmElm FORMA- 
TtON) (CWRVE 2) IN A CRUDE ENZYME PREPARMION PROM YOUNQ LUVPS OF COX’S ORANOE PIPPIN. 

Time (min) 
Fro. 3. VARW’IONS IN AMouHlg OF PHLDXUDZIN AND PHLoRBlM IN AEROBIC INCUBkTIoN tdmrums 
OF 8 jmolts PHLOR~DWN (3.2 x lo-3 M) AND A CRUDE ENZYME PREPARA~ON OF YOUNO wvm OF 

cOx’s ORANOE PIPP~ (@3 mg N/ml). 
Curve 1 and curve 3 Show the amounts of phloridzin in incubation mixtum with pH 5 and 6, 

mpwtively. Curves 2 and 4 Show the conmponding phlomtin conmntrationa 

anaerobic incubation mixtures was constant until about 7 pmoles of phloridxin had been 
transformed, it must be concluded that under aerobic conditions, either the /3-glucosidase 
has been inactivated during oxidation of phloridxin or the oxidation products of phloridxin 
have strongly stimulated the oxidation of phloretin. Corresponding results were obtained 
when enzyme preparations of young leaves of scab-resistant apple varieties were employed. 

Figure 4 shows the decrease in phloridxin concentration in homogenates of mature 
(curve 1) and young (curve 3) leaves of Cox’s Orange Pippin. Curves 2 and 4 show the 
corresponding phloretin concentrations. Phloretin was formed in higher concentrations in 
young than in mature leaves most probably owing to the higher pH value of the former. 
Also, in this case, phloretin was formed in considerably lower concentrations than expected 
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according to the initial rates of phlorctin formation. The results obtained with homogenates 
of leaves from a scab-resistant Antonovka hybrid were essentially the same. 

Neither leaf homogenates nor incubation mixtures of phloridzin and apple leaf enzyme 
contained sign&ant quantities of o-diphcnols. However, two odiphenols accumulated 
when cyst&e or ascorbic acid was present in incubation mixtures of phloridzin and acetone 
powders of apple leaves. 

Time (min) 

Fro. 4. CON -TIOM OF PEILDRJD zlN(cuRvEl)ANDP- (CultvS 2) M HoMooBNATps OF 
MATURE LEAVES OF COX’S ORANQE PIPPJN. CURVE 3 AND CURVE 4 SHOW ‘IRE OON CeNrRATIONS OF 

PliL4xuDzIN AND PEiLawml RESPECITVELY IN HOMOGENATF.3 OF YOUNG WV@% 

After chromatographing on silica gel thin-layer plates with chloroform-methanol, 5 : 1, 
these substances appeared as brown spots at &0.8 and @2J after spraying with 0.5 per cent 
ICI03. They were presumed to be 3-hydroxyphloretin and 3-hydroxyphloridzin respectively. 
To confirm this hypothesis 100 g of apple leaves of Cox’s Orange Pippin were homogenized 
in 200 ml of 01 M H~~~~~~~, (pH=4.0) inning 10 g of ascorbic acid. After 
shaking for 24 hr the pH was raised to 65, the optimum for &#ucosidase activity. After 
standing for 2 hr the o-diphenol at R, O-25 had disappeared. The homogenate wasextracted 
with ethyl acetate. The ethyl acetate contained the o-diphenol with R, 0.8 and a small amount 
of phloretin. Puritication was effected by column chromatography on silica gel. Elution 
was performed with chloroform-methanol, 9: 1. The o-diphenol was crystallized from dilute 
ethanol, The substance proved to be identical with synthetic 3-hydroxyphloretin. Hz0 
(mixed melting point, i.r. and NMR spectrum). Accordingly the o-diphenol at R, 0.25 is 
considered to be 3-hydroxyphloridzin. At all pH values 3-hydroxyphloretin as well as other 
odiphenols were enzymatically oxidized at about twice the rate of phloridxin. This fact 
explains why the intermediate odiphenols do not accumulate during enzymatic oxidation 
of phloridxin in the absence of reducing substances. 

2. Po~y~e~~zat~on Reactions 

The experiments presented above have revealed that the oxidation of phloridzin proceeds 
via 3-hydroxyphloridzin to its corresponding oquinone. These reactions should consume 
1 mole oxygen per mole phloridzin oxidized. Since the experimental values were about 
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1.25 at the optimum pH interval of the polyphenol oxidase (Fig. l), it is evident that the 
oquinone is further oxidized. To gain more knowledge of these oxidation reactions the 
enzymatic oxidation of 3J-dihydroxydihydrochalcone and of 2’,4’,6’-trihydroxydihydro- 
chalcone and of their mixture was studied (Fig. 5). 3&Dihydroxydihydrochalcone (curve 1) 
was oxidized at about the same initial rate as 3-hydroxyphloretin (curve 2), but the total 
amount of oxygen consumed was less with the former compound. 

Time (min) 
Fro. 5. THE OXYGEN UPTAKE AT pH 4.8 IN INCUBATION MDCIURES OF A CRUDE ENZYMJ! PREPARATION 

(0.3 II@ N/ml) OF YOUND LUVES OF COX’S ORANOE PIPPIN AND DIFFEMNT PHENOI2i. 

Curve 1: 8 /unoles (= 3.2 x 10-S M) 3,4dihydroxydihydrochakone. 
Curve 2: 8 wales 3-hydroxyphloretin. 
Curve 3 : 8 eoles ~,~.~-trihydroxydihydrochalconc. 
Curve 4: a mixture of 8 qoles 3+dihydroxydihydrochakone and 8 qoles 2’,4’,6’-trihydroxy- 
dihydrochalcone. 

2’,4’,6’-Trihydroxydihydrochalcone was not oxidized in the presence of the enzyme 
preparation (curve 3). However, in a mixture of this substance with 3,4dihydroxydihydro- 
chalcone (curve 4) the total amount of oxygen consumed was about the same as in the 
oxidation of 3-hydroxyphloretin. This shows that the oquinone of 3,4dihydroxydihydro- 
chalcone can react with the phloroglucinol nucleus of 2’,4’,6’-trihydroxydihydrochalcone. 
Most probably the o-quinone from 3-hydroxyphloridxin can react in a similar way. In 
this case repeated head-to-tail reactions can lead to polymeric substances. It appears from 
Table 1 that the characteristic brown-reddish colour of the oxidation products of phloridxin 
is associated with the products of the oxidative coupling reaction. 

Both 3-hydroxyphloretin-2’,4’-diglucoside and 3J-dihydroxydihydrochalcone yielded 
yellow oxidation products which gradually turned greyish. The oxidation curves with these 
two compounds were also quite identical. Consequently, glucosidation of the OH-groups 
in 2’ and 4’ position renders the phloroglucinol nucleus unreactive with the oquinone. 
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TABLET 

PllelloIE eluymaticaIIy oxidized Colour of the oxidation products 

:: 
3. 
4. 

i: 

2 
9. 

PIlIorkkin Brown-reddish 
3-Hydro~hlorctin Brown-reddish 
3-Hydroxyphloretin-2’,4’digIucoside Yellow, gradually becow orcyish 
3,4-Dihydroxydibydrocbakme Yellow, gradually becoming greyish 
4-Methykatechol Yellow brownish 
~,~,~-T~hy~oxydihy~~~ Not enzymaticaIly oxidized (colourle& 
Mixture of 3 and 6 Brown-red 
M~~of4~d6 Browad 
MixtureofSand6 BrOWrl-rCd 

3. Chemical Model Experiments 

In order to reveal the nature of the supposed coupling reaction of the o-quinone from 
3hydroxyphloridzin with phloroacylophenones, some chemical oxidations with model 
compounds have been carried out. Rquimolar amounts of phloroacetophenone and 4- 
methylcatechol reacted under the influence of oxidizing agents like KIOJ or K3Fe(CN), to 
form a yehow coupling product, CrsHrzO,+j. Since the 5 position of 4-methyl-I,Zbenxo- 
quinone is most liable to nucleophilic attack it is likely that phloroacetophenone adds to the 
5 position of the quinone ring with the transfer of two hydrogen atoms. The intermediate 
quinol is then further oxidized to the quinone ClfHr20s. The most convenient way to 
carry out the reaction was oxidation with KIOs in an unbuffered aqueous solution containing 
enough acetone to keep the reactants in solution. From the red solution a yellow substance 
precipitated. The yellow compound is sparingly soluble in the usual organic solvents. It 
dissolves in alkali with a red colour. From this solution it is precipitated unchanged upon 
acidification. Reduction of an alkaline solution with bisulphite gives a light orange solution 
which turns slightly yellow upon acidification. After standing for some time exposed to air 
the original compound precipitates again. 

An alcoholic solution gives a brown colour with FeCIJ. The NMR spectrum (taken in 
dimethyl suIphoxide-de) is in accordance with one of the structures Ha, Hb, or 11~. 

The following resonances were observed*: 1586 (Me), 2538 (COMe), 3.436 (CH&, 
6.02 and 6*596 (quinone protons) and a very broad absorption attributable to the OH groups 
at about 14s. Structure II was further confirmed by a me~ylation experiment. This yielded 

IIa IIb IIC 

as the main product a compound CrsHrsOe (A) showing the following NMR absorptions 
(in CDC& solution): I*158 (doublet J=7*2 Hz, CHMe), 1-628 (quinone Me), 2586 (COMe), 
3.558 (quartet J=7*2 Hz, CHMe), 4.01 and 4Xl86 (OMe groups), 622 and 6.918 (quinone 
protons). It is evident that both the OH groups and the CHs group in the phloroaceto- 
phenone ring are methylated. This compound reacted in acetic acid solution with o-phenylene 

* 6 values arc pivea in ppm downfield from tetramethyIsiie. 
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dimnine to give the phenaxine derivative. This reaction proves that the compound is an 
orthoquinone. 

Oxidative coupling also took place between 2’,6’-dihydroxy4’-methoxyacetophenone 
and 4-methylcatechol. The product (B) upon methylation yielded compound A. Since 
compound B must have a structure similar to IIa or IIb (the 2’-OH group replaced by an 
OMe group) structure IIc for the reaction product of phloroacetophenone and emethyl- 
catechol is excluded. 

Phloretin and 2’,4’,6’-trihydroxydihydrochalcone reacted in the same way as did phloro- 
acetophenone. Structures analogous to IL were confirmed by NMR spectroscopy. By thin- 
layer chromatography it was shown that enzymatic oxidation and chemical oxidation by 
means of KIOs of a mixture of Cmethylcatechol and 2’,4’,6’-trihydroxydihydrochalcone 
yielded the same coupling product. Oxidative coupling of Cmethylcatechol with phloridzin 
and with 4’,6’dihydroxy-2’-methoxyacetophenone failed. Although the reaction mixtures 
showed a colour which differed from that of a solution of only Cmethylcatechol oxidized 
with KIOs, no yellow product could be isolated. After 24 hr phloridxin and 4’,6’-dihydroxy- 
2’-methoxyacetophenone could be reisolated from ethyl acetate extracts of the reaction 
mixtures. 

Compounds closely related to phloroacetophenone, e.g. 2’6’dihydroxyacetophenone and 
2’,6’dihydroxy-4’-methylacetophenone also did not react to an appreciable extent under the 
same circumstances. After 24 hr the starting materials were detected chromatographically. 

Although it is not relevant to the problem of enzymatic conversions of phloridxin it is 
noteworthy that oxidative coupling of methylphloroacetophenone with Cmethylcatechol 
was easily effected. It is known that methylphloroacetophenone can be oxidized to a dimer, 
which upon dehydration yields usnic acid. 4 Apparently the reaction with 4-methyl-1,2- 
benxoquinone is more rapid. The NMR spectrum (in DMSOdJ of the product showed 
absorptions at l-598 (quinone Me), i-928 (tertiary Me), 2548 (COMe), 3.458 CHJ, 6.876 
(broad absorption, alcoholic OH), 6.978 (quinone proton) and 14.36 (phenolic OH). 

The spectrum indicates that two carbon atoms in the Cmethyl-1,2benxoquinone ring 
are bonded to two carbon atoms in the methylphloroacetophenone nucleus, lirstly to the 
C-atom bearing the methyl group and secondly to a C-atom bearing an hydroxyl group. 
This leaves several possibilities for the structure of the compound. 

DISCUSSION 

The experiments have revealed the following sequence of reactions of phloridzin in the 
presence of apple leaf enzymes : 

Phlolidzin (I) - Phloretin 

3-Hydroxy~hlotidzin ---------+ 

I v 
o-Quinonc fruit o-Quinoac fran 
3.Hydroxyphloridzin 

. . . . . . ...* 
3.Hydroxyphloretin 

Spont8neou tactions lading to 
1 

Polymeric material containing 
stnrtunl units similar to II. 

4 D. H. R. BARMN, A. M. DE~RIN and 0. E. EDWARDS, J. Ckm. Sk. 530 (1956). 



728 J. RM and J. C. Ovaaaa~ 

The optimum pH of the polyphenol oxidase lies between 4 and 5, without any distinct 
maximum, Its specific activity with phloridzin as substrate is seven to ten times higher 
than with phloretin. 

The optimum pH of the j3-glucosidase is about 6.5. In accordance herewith, phloretin 
was formed in higher yields in homogenates of young apple leaves (PH 6) than in those of 
mature leaves (pH 5). Chemical model experiments have revealed that o-quinones can react 
with phloroacylophenones. Glucosidation of the hydroxyl group in Z’-position, as in 
phloridzin, prevented this reaction almost completely. The oquinones formed by phloridzin 
oxidation can therefore couple only with the aglycones of the reaction scheme presented. 
Thus, the fate of the o-quinone formed from phloridzin depends very much on the pH of the 
medium. At high pH when the activity of the @glucosidase is near its optimum and phloretin 
is formed in highest yields, the ~quinonetphloretin coupling reaction may be the predominant 
one, whereas the fate of the o-quinone is uncertain at pH < 5. The products of the coupling 
reaction were found to be brown-reddish. The fact that phloretin did not reach a high 
concentration either in leaf homogenates or in model incubations of phloridzin with the 
acetone powder of young apple leaves can in part be explained by the coupling reaction, 
It seems probable, however, that inactivation of j3glucosidase by unstable oxidation products 
of phloridzin also adds to this result. 

The importance of phloridzin and its transformation products in the resistance mechanism 
of apple leaves against Venturia inaequalis has been discussed briefly.5 

EXPERIMENTAL 

Melting points were determined with a Reichert melting-point microscope. U.V. spectra were recorded 
with a Caty spectrophotometer. 1.r. spectra were recorded in JCRr disks with a Perkin-Elmer model 137 
“Infracord”. 100 MC NMR spectra were measured with a Varian HA-100. 

Acetone powders were prepared from young leaves of the scab-susceptible apple variety @x’s Orange 
Pippin and of a scab-resistant Fr hybrid of the variety Antonovka. 40 g of apple leaves were homogenized for 
1 min in 250 ml ice-cold water containing 2-3 drops Triton X-100.6 The homogenate was rapidly squeexed 
through a fine meshed nylon cloth into 25 I. cold acetone f- 12”). The plant debris was m-extracted by 
homogenizing in water for 1 min. The acetone precipitate was collected by centrifugation and washed by 
repeated suspension in cold acetone and centrifugation. A white or white-grcyish residue was obtained. 
Thercsiduewasdriedinavacuumdesiccator. Thedriedpowderweighingabout 2~5gcontained 10.8-l 1*2%N. 

Oxidations of phenols in the presence of acetone powders was measured by ~nventio~l Warburg tech- 
nique. ‘The volumes of the Basks were approximately 15 ml. The main compartments normally contained 
l-0 ml @l M phosphate buffer of the desired pH and l-0 ml of an aqueous solution (or suspension) of the 
phenol to be oxidized. The sidearm contained 05 ml of an aqueous suspension of the acetone powder, con- 
taining 15 mg N/ml. All experiments were carried out at 25”. 

Qtaantitatiae Determhtkms of PhIoriaS and Phloreth 

ParaIleI to ~o~~c~t~tions of phloridzin oxidation, thecon~n~tions of phioridzin and phloretin 
were determined in larger incubation mixtures of identical composition. After varying incubation times, 
samples of 4.0 ml were withdrawn and added to 2.0 ml 1 N TCA in 96% ethanol. After neutralizing with 
NaOH to pH 5-7, the mixture was extracted twice with 10 ml ethyl acetate. 

The ethyl acetate fractions were dried (Na2SOI) and evaporated. The residue was dissolved in I.0 ml 
absolute ethanol. Using a micropipette, 50~1 was brought on a silica gel thin-layer plate and chromatographed 
in acetone-chloroform, 3:2. Phloretin (RI =0*8) and phloridxin (R,=O-IS) were extracted from the silica 

s J. RM, Net&. 3. Pianr Putt. In press (1968). 
6 E. HARFL, A. M. MAYER and Y. SHUN, PI2yfociicm. 4,783 (1965). 
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gel by 80% ethanol and the concentration of each of the compounds was &ted from the extiacGon 
valuesat286nmintheeluate& 

nle &&c&kase activity was determined by measuring the rate of formation of phloretin from phloridzin 
under pure, oxygen-free nitrogen. Leqf homog~tes were prepared by grinding leavea in a chilled mortar 
containing a small quantity of dry ice (CO& The tine powder which was obtained was kept at -30’ until 
all CX& had evaporated. The leaf powder was then poured into an empty flask standing in a water bath at 
25”. At werent times samples were withdrawn and weighed exactly before; extraction with boil&g 70% 
ethanol. After removing the chlorophylls by extraction with light petroleum, the phenols were extracted into 
ethyl acetate and theii concentrations determined as describbd. 

Reference Phenols 

Phlori&in and phkwetin wac co- ‘al prepatations* 3-~y~~x~~~ret~-~,4’~-~D_BIucosldc was 
prepared according to Zempltn, et 01.7 (cf. Ref. 8). 3-Hydroxyphioretitz was obtained from the digluwside 
by acid hydrolysis,7*s larger quantities beii synthesized usin a method analogous to the classic phloretin 
synthesis of Fischer and Nouri? 

(i) 3,4-Dihydroxyphenylpropionumkkmide. Diiydrocaikic acid methyl ester10 (60 8) wasdissolved in methanol 
(400 ml). In a 2 1. autoclave the solution was saturated with NH, and heated to 100”. The pressure was 
30 atm. After 20 hr at this temperature the solution was evaporated in cucuo. The darkcolouzd residue was 
extracted in a Soxblct apparatus with ethyl acetate. Most of the colour remained undissolved. Evaporation 
of the ethyl acetate afforded crystals (49 g) with mp. 140” (lit. m.p. l#oll). 

(ii) 3,~L)iacetoxyp~~y~rop~~. ‘l%c dihydrom compound (44 g) was tzeatcd with acetic anhydride 
(160 ml) and pyridine (175 ml). After stauding for 24 hr at room temperature the solution was poured onto 
ice. Extraction with ethyl acetate and evaporation of the solvent yielded a residue which was recrystallized 
from benzn+light petroleum. Yield 46 g, m.p. 109”. (Found: C, 58.48; H, 5.68. Calc. for C~,HISO,N: 
c, 58.86; H, S-70%.) 

(iii) 3,~~iDceto~p~y~rop~o~itr~~e. A mixture of the amide (46 g), dry CHQ:, (180 ml) and phosphor 
oxychloride (90 g) was refluxed for 1 hr. Subsequently the solution was evaporated in ctzcm. The r=idue 
was decomposed with ice water. The product was then extracted with ethyl acetate. The ethyt acetate solution 
was washed with 5 % NaHCO3 and then with water. After drying (Na$O,) the solvent was evaporated 
and the residue was fractionated in vucuo. The fraction with b.p. 185”/0*3 mm (23 8) was used in the next step. 

(iv) 3-Hydroxyphloretin. A mixture of the nitrile (15 g), dry phloroglucinol (10 g). ZnC12 (3.5 g) and 
ether [SO ml) was shaken for about 20 min. The mixture was then cooled in an ia+salt mixture and dry HCI 
was passed in. After about 1 hr the solution was saturated. The mixture was left overnight and subsequently 
2 N HZSO, was cautiously added. The ether layer was decanted and the residue which consisted of a thick 
oil and an aqueous solution was sIighGy warmed. The nearly clear solution was then cooled and the acid 
layer was decanted from the oily residue. The oil was boiled in water for about 15 min. After cooling, crystals 
separated which were once ncrystallizdl from dilute ethanol. Sli@ly yellowish needks were obtained 
(15 g) with m.p. 23K232”. The compound crystallized with 1 molecule of Hz0 and proved to be identical 
with 3-hydroxyphloretin prepared according to ZemplCn et al.’ (mixed m.p., i.r. spectrum and chromato- 
graphic behaviour). It is remarkable that in this reaction the acetyl groups were quantitatively removed. 
(Found: C, 58-54; H, 945. Calc. for C,SH~~O~.HZO: C, 5@44; H, 523 %.) It should be noted that the most 
convenient method to prepare 3-hy~ox~hlo~t~ is the new procedure starting with apple leaves as described 
in section 1 under Results. 

3,4- Dihydroxydihydrochalcorte 

3,4-DihydroxychalconG (12 g) was dissolved in methanol (200 ml). Hydrogenation was started with 
a 10% Pd/C (2 g). After 15 min the theoretical quantity of Hz was taken up. Reduction was stopped, and 
after evaporation of the flltenxl methanol solution, the residue was recrystallii from benzene. This yielded 
10 g of yellow product which wntained the desired compound and small amounts of other reduction products, 
and of the chalwne as was shown by TLC on silica eel (Cl-K&-acetone, 5 :I. detection with diazonium salt 
reagent). A ch~~to~p~~i~y pure sample was-obtained-by wlur& &romatography over silica gel. 
The compound crystallized from benzene in nearly wlourlesa crystals with m.p. 1085-109”. (Found: C, 
7414; H, 5.88. Calc. for C15H1,03: C, 74.36; H, 5*83x.) 

7 G. ZEMPL&N, R. BOONAR and L, SzEo6, B&r. 76,1112 (1943). 
* L. FAR-. M. N&R,& and A. MAJOR. Chcm. Ber. 98.2926 (1965). 
9E. Pxsc&andO.Nou~~, Ber.sQ.611~1917). . . _ 

10 K. FRND~NBER~ and W. HE@L, Chum. Ber. 86.190 (1953). 
l’A.C ARISON, M. L,wwysr, S. FILA HROMADKO and H. ~ORRODI, Helo* Chim. Acru 45,270 (1962). 
12 P. KLINKE and H. GIBIAN, C/&em. Ber. PO, 26 (1961). 
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4Mathykotcchol was prepared from vanillin analogous to the synthesis starting with veratric aldehyde 
as described by Adams et al.13 4’,6’-Dihydroxy-2’-methoxyocctophenone,l’ 2’,6’-&y&oxyucetophcnone~’ and 
2’,6’dU?vdoxy_4’-mcthylo~top~~~~6 were prepared as described in the literature. 

coupllkg Reactions 
S-AcctyI-2’,6’(or2’,4~~ydroxy-2-~tby~4.5,3’,4’(or4,5,3’,6~ tetrohydro4,5,4’(or4,5,6?_tr&~bf 

(U). To a solution of phloroacetophenoneir (5W g, @03 mole) and 4methylcatechol (3.72 g, OG3 mole) 
in aatone (50 ml) was added a solution of ICI03 (4.28 g, 0@2 mole) in water (MO ml). ABer standing for 
about 1 hr at room temperature a yellow precipitate started to separate from the red solution. 

After 2 hr the precipitate was collected and washed with water and subsequently with acetone. Yield 
50 g (60%). The ~rnpo~d dissolved after prolonged boiling in ethanol. Cooling of this solution atkded 
small yellow needles. The compound melted to a red-brown tar at 255-260”. (Found: C, 62.15; H, 4-27; 
0,33-05. Calc. for C&H120s: C, 62.50; II, 4.20; 0.33,30%); X,, (EtOH) 275 and 380 nm (loge 4-26 and 
4.22); i.r. bands in CO stretching region at 1739, 1642 and a broad absorption at 1615-1550 cm-*. 

In a similar way were prepared: 
(a) S’-Dihy&w&mznoyW,6’ (or 2’,4’)-oVhydroxy-2-methyl-4,5,3’,4’ (or 4,5,3’,6’)-tetrobydro4,W (or 

4,5,6’)-trioxobipbenyf, starting with ~,4’,61-t~~~~~.ls Yield 55 %, m.p. 230-235” (dec.). 
(Found: C, 6933; H, 476; 0.25.52. Calc. for CrrHisOs: C, 69.83; H, 480; 0,25*37yd; (\- @OH) 277 
and 380 nm (loge 4-25 and 4.20); i.r. bands at 1736.1642 and 1615-1550 cm-i. 

(b) 5’-(3-(4-Hydroxyphenyl)propionyl]Z$ (or 2’,4’)-dihy~oxy-2-methy~4,5,3’,4’ (or 4,5,3:63_tetrohydro- 
4,5,4’ (or 4,5,6’)-trioxobiphenyl starting with phloretin. Yield So %, m.p. 225-230” (dec.). (Found : C, 6620; 
H, 474; 0,28*43. Calc. for C&HisO,: C, 67-00; H, 4-60; 0,2840~~; r\,. @OH) 277 and 385-389 nm 
(logc4.3Oand4*25); i.r. bandsat 1733,1642and 1615-15500-i. 

(c) 5’-Acetyl-6’ (or 4~h~roxy-~-~thoxy-2-~thy~~,5,3’,4~ (or 4,5,3’,6’)-tctrohydro4,5,4’ (or 4,5,63- 
trto~bip~~yI (I%) from ~,~~hydro~~-~~ox~top~none. 19 Yield SS%, m.p. 215-230” (dec.). 
(Found: C. 63#; H, 5.00; 0,3I-21. Calc. for Ci6Hi406: C, 63.57; II, 4.67; 0,31-76%); X,. (BtOH) 268 
and 373 run (logt 4.26 and 4.21); i.r. bands at 1724,1642 and 1625-155Ocm-1. 

5’-Acetyi-2’,6’ (or 2’,4’)-dimethoxy-2,3’-dtmethyl-4,5,3’,4’ (or 4,5,3’,6%tetrahj&o4,5,4’ (or 4.5,6’)-trioxo- 
biphenyl (A). A suspension of compound II (2 g) in dry CHCls (30 ml) was shaken with freshly prepared 
Ag20 (4 g) and MeI (4 ml). Compound II slowly dissolved. After20 hr it was shown by TIC(siBca gel, solvent, 
CHCls-ethyl acetate, 9:1) that the starting material had completely disappeared. The reaction mixture 
contained a major yellow product (RI O-3) next to some brown material and small amounts of two or thme 
faster-moving yellow compounds. The reaction was stopped and the filtered solution was evaporated. 

The residue was washed with ether and the ether-insoluble material (1 g), which mainly consisted of the 
major reaction product, was further purified by column chromatography on silica gel. Elution was performed 
with CHCl&hyl acetate, 9:l. The pure product was once mc@alkd from a small amount of ethanol 
which yielded bright yellow crystals (08 g). The compound has a long melting range from about 20” to 230” 
with decomposition. (Found: C, 65.17; H, 546. Calc. for CisHi&: C, 65.45; H, 5.49%); X,. (Et0I-I) 
256 and 393 nm (loge 4-23 and 4.39),* i.r. bands at 1733,1692,1672, and 1620-1575 cm-i. 

The same compound was prepared by ~~ylation of the oxidative coupling product of 2’,6’dihydroxy- 
4’-~~o~~top~none and 4methylcatechol (identical i.r. and NMR spu%t%). 

The phenezin &riwtioe was obtained by reacting a solution of 100 mg of the compound in 10 ml of acetic 
acid with 100 mg of e-phenylencdiamine on the water bath. After 30 ruin the solution was evaporated and 
the residue was purified by column chromatography on silica gel. The orange-yellow band was eluted with 
CHC&ethyl acetate, 9:l. The product was recrystallized from benzene-light petroleum which yielded 95 
mg of yellow needles, m.p. 230” after previous sintering. The compound gives an intense violet colour with 
cont. HzS04 which becomes orange-red upon dilution. (Found: C, 71.67; H, 560; N, 6.18. Calc. for 
C&I22O4N2: C, 71.63 ; H, 5.51; N, 6*%x.) The highest wavelength absorption maximum in ethanol WBS 
found at 405 MI (logr 457), i.r. bands at 1686, 1650, 1608 and 1560 cm-i. 

+ The highest wavelength absorption band of the hydroxy compound is not SYIIIIIX~~~~~ and very broad. 
This explains why the hydroxy compound has a strongercolour than this methylated product despite the fact 
that the absorption maximum of the latter is at higher wavelength and has a higher extinction value. 
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Ox&Sat&e Coupling of Methyip~~top~~ with 4Aftthykitechoi 

To a solution of mctbylphloroacctophcnon&’ (364 g) and 4-mcthylcatechol(248 g) in atxtone (75 ml) 
was added a solution of KIOI (2.84 12) in water (200 ml). After standing ovcrnieht the yellow Drecioitatc was 
collected and washed with v&r & then wi& cthan~l. Yield 3-4 g (56’/.). kcry&llizat<bn frbm about 
750 ml of ethanol afforded a mixture of yellow and orange prisms. The orange crystals contained about 
3 mo1c.s of ethanol as was shown by the NMR spectrum. They were coIlvcrtcd into the yellow form by drying 
at loo”. On &in-lam chromatograrm tbc compound gave a single spot, m-p. 220-230” (dcc.). (Found: 
C, 63.46; H, 5.10. C&. for C&H,,O6: C, 63.57; H, 4*67ya; X,, (E?tOH) 3QP and 380 and a shoulder at 
405 nm (loge 4*44,4-24 and &17), ix. bands at 1739 and a very broad absorption at 1665-1540 cm-l. 

Ac&~w&&e~.+The authors are much indcbttd to Miss Dr. A. Kaars Sijpcatc$n for many helpful 
discussions. They am grateful to Mr. J. D. van Beck for canying out a great deal of the syntbcsff of the 
compounds. Financial support by Norgcs abncnvitenskapcligc forskniagsraad to one of us (J. R) is gratefully 
acknowlcdgcd. 
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