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Abstract -From the fertile sprouts of Equiw~~~u~~ WI ~ww L. hwc been Isolated protofrnlr\runin-3’-glucosldc 
and gossypltrin. The struclurc of proto_ccnkwanin ;LS 5-hydroxy-2-( 1.4-dih~droxy-1.5-~~~l~h~x~~~icnyl l-7- 
methoxy-+chromenon IS prowd on the basis of chemwdl and ph>sic;d ciidencc. It is dcmonstratcd thar 
articulatln. ;I thiamine dccomposlng substance. from 1.1. UVIWW. I> identical ulth the knorcn lluvunol 

_rlyccwdc possypltrin ( = goss~pcrin-7-!lucosldc) The synthew of 2.~-dihydros)-3-lj-h!dro~~phcri~l1-7- 

In the course of our work on the llavonoids of various 

Eyltis~~~,r,n-species I-’ we became also interested in the 
fertile sprouts of the dimorphic species Eyuisc~r~on 
UI’I~~II.SC L. Previous work of Nakabayash? ” on this 

part of E. WW~.W. which is used in Japan as a food, was 

aimed at the isolation of some thiamine decomposing 

substances: the probable identity ofone ofthem will be 
discussed at the end of this paper. Marc recently 

Russian workers have isolated from the same source 
naringenin. dihydrokaempferol 1 = aromadcndrin). 

dihydroqucrcetin ( = taxifolin). apigcnin and 

lutcolin.- 

As already reported in a preliminary not? we have 

isolated from the fertile sprouts of E. U~IIW.W by the 

procedure given in the csperimcntal section. the 

glycoside of a very labile flavonoid whose mass- 

spectrum shows a molecular 1011 at 302n~‘u~. and 
which we named protogcnkwanin (2) since on acid as 
well as thermal treatment it is dehydrated easily to 

genkuanin (,5) (M _ = 284n1;~ 1. From these facts it 
was at first assumed that 2 was the 2-hydroxy- 
llavanone 6 (2-hydroxyllavanoncs arc known to 

undergo dehydration to favoncs under the conditions 
mcntloncd. and feu of them have hcen found naturally 

occurrinfq-I ’ ). hur synthesis of the 2-hydroxy- 

Ilabanonc correspondmg to gcnkwanin 15) (2.5- 
dihydroxy-2-f4-hydroxyphcnylj-7-mcthoxy-4- 

chromanon (6)) showed that J( was not idenlical with 

protogenkwanin (2). Ry this synthesis the possibility 
that protogenkwanin was the diaroylmcthanc 

corresponding to 6 was ruled out as well, since both 
compounds are in a tautomeric equilibrium (at - 60 in 
hexadeuteroacctonc 6 contains about H.S”,, of the 
diaroylmethane-tautomer (~1 PMR-data in the exptl. 

section I). 
Hydrogenation of 2 led to a complex mixture. the 

main component of which (5-hydrosy-2-(4hydroxy- 
cyclohcxyl I-7-mcthoxy-4-chromenon (3)) could bc 
isolated; its mass-spectrum rcvealcd that two moles of 
hydrogen had been consumed to saturate two double 
bonds. and one to climinatc an OH group. The UV- 

spectra of I. 2 and 3 with and without added AICY, arc 
nearly idcntlcal with the published spectra of 5- 

hydroxy-7-methoxy-4-chromcnon’4 (Table I): this 

means that all three compounds contain the same 

chromcnone-chromophor. which. in the USC of I and 2 
must not bc conjugated with a double-bond. This 
proves that the clcments of uatcr in I and 2. ah 

compared with 4 and 5. must be attached to the B-ring. 
Taking further into consideration that. because of the 

transformations I + 4 and 2 --* 5. the B-ring of 
protogenkwanin must bear a OH-group in the 4’ 

position. and that the second OH-group of that ring, 
since it is prone to hydrogcnolysia should be in a 

“bcnzylic” position, WC deduced the structure 2 for 

protogcnkwanin. This structure is compatible with all 

facts mcntioncd above and it has been proved by a 

careful analysi:, of the PMR-spectra of 2 and 3 (Table 
2). The proton signals of the 5-hydroxy-7-methoxy-4- 
chromcnon-moiety of 2 and 3 shois the positions and 

multiplicity which are expected for this systcm.‘J.‘s 

The R-ring protons of 2 give rise to two two-proton 

signals (a doublet centered at (i 5.02 (J = 10.5 Hz) for 
H-2’,6’couplcd with H-3’S’and a quartet centcrcd at (5 

6.20 for H-3’.5’coupled with H-2,.6’ (J = 10.5 Hz) and 
H-4’ (J = 4 H/)) indicating that this ring posse~scs an 

axis of symmetry, which can be of course only in the 
I ‘.4’-direction: further two OH-signals (a singlet at [i 

6.26 for OH-I’ and a doublet centered at (i 5.20 for 
OH-4’couplcd uith H-4’ (J = 7 H/I). which disappear 

upon addition of D,O, and linall! ;i one-proton 

multiplct centered at (i 4.46 for H--I’. which bccomcs 
sharper after Jcuteriurn-cxchangr. Irradiation a~ (5 
4.46 proves the correctness of the above asslpnmcnts: 
the doublet ofOH-4’ becomcsu singlet and the quartet 
of H-3,.5’ becomes a doublet (J = 10.5 HI.). The B-ring 
signals of 3 are in agreement with the proposed 
structure: there is only one OH signal at (5 5.37 and an 

unresolved multiplet bctrvecn ci 1.4 and 1.8. 
The El MS spectrum of 2 conlirms the proposed 

structure: thcstrong peak at III;CJ 284 (M-IX)! (35”,,) 

again proves thl: rasy dehydration of the molecule. the 
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Table I. UV absorption maxima (nm) of 1, 2. 3 and Shydroxy-7-mcthoxy-khromenon. ;i = MUOH: 
b = McOH + AICI, 

- 
I I .- 

375, 

I 
5-r l.r.>mt n.-r 

._ __ -... 

tTaken from l.c.“’ 

.I 

h 

important peaks at m/e- 167 and I21 derive from M 1 
or (M-18): by a retro Diels-Alder fragmentation. 

while fragmentation between B and C-rings gives 
peaks at III/~- 192 and I I1 which are characteristic of 

the new structure. 

H 

qe = 192 m/t =lll 

The above evidence proves unequivocally the 

constitution of 2, but not its stereochemistry. This 
point will be clarified by an X-ray analysis, which shall 

be reported in an other context. 
The attachment of the glucose moiety in I at the 4’- 

position is evident from the UV-spectra of I and 2, and 
the transformation of I to 4: the large AlCl,-shift 

clearly demonstratcs that in 1 OH-5 IS free and the 
transformation I + 4 proves that OH-I ’ is also free. 
leaving the 4’glucosylation as the only possibility. The 

configuration of the glucose as P-D-glucosidc can be 

deduced from the fact that I is hydrolyscd by sweet 

almond emulsine; the PMR-data (Exptl. section) arc 

also in agreement with the proposed structure of I.” I 
is to our knowledge the second example of a naturally 
occurring llavonoid with a non-aromatic B-ring, the 

other one is protofarrerol. which has been isolated 

from a fern.lb 
The second main flavonoid, which WC isolated from 

E. mmwse was identified as gossypitrin (7) by direct 

comparison with an authentical sample isolated from 
the flowers of C’lrr~sunthc~n~lun segc~rwrt L. ’ ’ 7 has been 

previously idcntttied in the spores of the other 
dimorphic E@snum species, E. rrlrnurcju Ehrh. I ’ The 

properties of 7 and its aglycone gossypetin (8) arc. as 
can be seen from Table 3. in good agreement with the 
published data of articulatin rcsp. arrlculatidin. its 
aglycone. which had been isolated by Japancsc 



workers during a starch for thiamine-decomposing 
substances in the sporestalks of F;. tmww. The 
differences of the requirements of the molecular 
formula Cl, Hz&l, J proposed for articulatin and that 
of 7 (C,, H*,,O, J) are wtthin the limits of error of an 
elcmcntal analysis. The main heat-stable rhiamin 
decomposing factor of E. UIW~W is therefore Like that 
of Pfr~rdi~rr~~ trq~ili~tut~ (1.) Kuhn”’ a ilavonol- 

glycoside. 

OH 

RO 
OH 

i)H d 

7:R=glc 
8 :R=H 

Other Rnvonoids detected in our material by tic 
were apigenin, genkwanin and luteolin. which had 
been already isolated by other workers.’ 

2.X kg fresh. fertile sprout> UC /G~~~i.wruv~ urlcvw 1. 

(collcctcd In April 1975 near Oppcn~ellcr.Rems-Murrkrcrs. 
Federal Republic Germany. and identified by H.G.) were 
extracted in an electw hlcndcr three times with 5 I of MeOH. 

The cor~lbincd extracts WCIC evaporated in a rotatory 
esaporator at a tcmp not excccdmg 30 to a thin syrup. The 
latter wa~diss~~lued in 3OOmI Mc,CO;H,O (1:2h some waxy 
material \cas tiltcred off. and the filtrate rnlxcd at first wth 

25Oml dry polq;lmide h and then with 25Oml H1O. The 
resulrmg slurry u3~1 put on top of ;I column of polg;mtidc 6 
(8 x IWcm. wet pa&d]_ The column w&s rluled uith 21 of 
each Mc,CO,H,O 2:X. 3:7. 4:6. 5-5. h:4 and ?:3 The 
fractions wcrc monitored hg tic (cellulose’H,O and 
cellulosc;lO”,,HOAc) After a forerun of 3.61. I.31 uf an 
eluatc containing I. 4.8 I contalmng some minor lla\onolds. 
and finally 1.5 I containing 7 ucrc obtained. Further 
purification of I ws achieved by chromatography on 

Sephadex LH 20 *rth Mc,CO McOH ‘H,O (2: I. I ) ~1s rluent 
(removal of some high molecular weight material t. and by 
counter-current-distrlbutlon (100 elcmcnts. phase-\olumc 

25ml) bctwccn EtMcCO and H,O lulier IO@ transfers I 15 
found in the clcmcnts 15. 45). ;ind linally by crystallisation 
from waler contammp some Mr,CO. Colourless needles m.p. 

126..128. yeld 1.27g. (Found. C. 52.86; H, 5.50. 
C,,Hz,0,,.2H,0 ~500.5~ Calc: C. 52.80; H. 5.64”,,. Mr: 
464mu (FD MS). ‘x1*’ . 4 ,I) - 31 (MeOH); PMR of TMS- 
ether (l~}~~H~. Ccl,). 374.4 (m. HGlcl. 3 75 (s, 3H, 

OCH,-7). 4.38 id. 1 H. H-l “Glc. J = 7k4.56 (broad signal. H- 
J’I, 5.84 (d. 2H. H-2,.6’. J = I0.51. 6.20 (m. 4H. H-6.8.3’S’). 
6.4X t>, 1H. H-3,. 

[a) 2OOmg 1 were dissohcd in lOOmI 0.1 M acetate-buffer 
(pH 4.6) and moubatcd for 6 days at JO” wllh cellulase from 
.J.\pcq~ll~r\ mtyr’ IXII\II~ from I g of the crude commercial 

prcparatlon). At the end of thus period 2 \&as exlractcd with 

EIMe<‘O and finally recrystalhscd from McOH:H,O. yield 
9’1: 

L 0 
(bt As above, but xvith IOOmg sweet almond emulsine IC. 

Roth. D-7WO Karlsruhe) and an incuhatlon time of two 
weeks. yield OO”,,. 

Flat yellowish needles m.p. 170 180 C (dcc). (Found: C. 
63.52: H. 4.68: C‘,,,H,.O, (302.4) Calc. C, 63.55: 11. 4.67”,,. 

Mr: 3X! mu (EI-MS): further spectral data see Tables I and 2. 
Glucose *as detected in the aqueous solutions after 

removal of the ?]a ’ -ions by a strongly acidic ton-exchange 
rcsm by tic. 

l2mg 2 dissolved m IO~~lEtOH wcrc h~dr~~cr~a~ed at 
atmospheric pressure in the presence of20 mg IO”,, palladrsed 
charco;tl. TIC ~Sihca gel: benrene’MczCO (9.5:5): blx- 
Jiazotl/ed twvidine) rehealed that ;L rather complex mIx1ure 
of producfs had been formed. 3. being the m;lin producl. ws 
rsolated by tic using the above mentioned system. and 
rccrystalhscd from F.rOH. m.p. 158 159 . yield 22”,,. 

C‘, hH, x0, (YO 3) Mr = Xfmu (El MS): rz?:, = 
166OClll - ' : further spectroscopic data see ‘I‘ablcs 1 and 2. 

la 1 ZS mp I ivere heated S hr with 5 ml IO”,, aqueous formic 
acid on a steam bath. After cooling. 4 -as liltcrcd off and 

rccrystalllsed from MeOH. H,O. yield 98”,, 
(b) 1 was heated wlthout solvcnl 2 min. to 200-220 , yield 

almost quantitative ycllouirh nccdlrs m.p 231 233 (Lit.“‘: 

235-236 ). C,,H,,O,,, (446.4) Mr = J-%mu IFD-MS). 
~.~‘-~J~J~~r~J.~ \~-7-tJl~tit~J.~t-//~~l~cJJl~’ ( = <Cd. 11 Ottlfl) ts) 
(9) 2W& 2 ‘were hcatdd 1 hr wgth SO ml I “,, HCI on a 

ctcam bath whereby 5 separated in nearly quantrtatlve yield. 
(b) By heating 2 or 6 for 2 min. to 200 . yellow needles from 

MeOIl m.p. 286 287 (LII.“: 286 ). C,,H,,O, (284.3) 

tvfr = ZX4mu (El-MS). 
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O.Sg of 2,6-dihydroxy-4-mcthoxy-acetophenonc” d~ssol- 

ved in IS ml pyr’dine and Zg of p-bcnzyloxybenLoyl- 

chloride” were mixed and kept at amblent temp. After 24 hr 
the mixture was poured on ice. neutral&d w’th I2 N HCI and 

extracted with EtOAc. The extract was washed thoroughly 
with NaHCO, nq and H:O. Removal of the solvent left 2.6- 
dihydroxy-4-methoxy-acctophenone dl-p-hen/)loxy- 

benroylcster as a slightly brownish oil. which was. \\‘thnut 
purification dissolved in 2Oml DMSO. and treated with IOg 
NaOH finely ground under anhydrous EtIO.“‘.” The 
resulting mixture was Icft I5 min at amblent temp. dllutcd 
with H :O and after another 45 min ncutral’sed with HOAc. 

whereby2-(4-bcnzyloxyphcnyl~2.5-dihydroxy-7-methoxy-4- 
chromanon was prccip’tated. It was tiltcrcd off. dissolved ‘n 
EtOAc. washed with aqueous NaHCO, and HLO. and after 
removal of the solvent. rccrystallised from bcnzcnc and 

benzcne,‘McOH (5: I ), yield !5”,, m.p. 140 142 

jr”” (loge): 288 (4.36). 33Xsh (3.68). 362sh (3.78). 37X m.. 
(3.851, 39Ssh (3.75); ;;;!“+*“.“: 307. 379. 395 sh; i;;’ + ““” 

244, 284. 378. PMR (60 MHz. - 60 C. (CD,),CO): 12.53 (s. 

I H. OH-5 ). 7.92 (d. 2H. H-3’. 5’. J = 9). 7.70 and 7.61 (2s. 5H. 
C,H, bcnzyl). 7.32 (d. 2H. H-2,.6’. J = 9). 7.20 (d. IH. OH-2. 
J&J? = 2). 6.30 (s. 2H. H-6.8). 5.33 (s. ZH. CHI bcnzyl). 4.83 

(s, CH,- /j-diketoform. 3.5”,,). 3.98 (s. 3H. OC‘H,-7). 3.45 fq. 
IH H-3ax. J; ;;y = 17. J’,‘” J,‘, = 2). 2.94 (d. IH. H-3cq. 
J; ‘it; = 17). 

6OOmg of the above bcn7ylether dissolved in 2Oml EtOH 

were hydrogenolyscd in the prcscnce of IOmg Pd-C under 
atmospheric pressure. The catalyst was filtered off. the solbent 

removed, and 6 was crystall’scd from benzcnc:MeOH (5: I ). 

white crystals m.p. z 180 at this temp6 wah dehydrated to 5 
which finally melted at 286-287 , yield 61 “l,. (Found: C. 
63.24; H, 4.72 C,,H,,O, (302.4) Calc: C. 63.57: H. 4.67”,,). 

;.;:1” (loge): 28X (4.33). 338sh (3.70). 362sh (3.801. 37X 
(3.87)392sh (3.81 j;iln:(1”’ A”“~: 306. 302, 392sh:i;;,:‘:“’ “““, 
242. 29X. 327. PMR (6OMH7. -60 C. (CD,),CO): 12.50 
(s, IH. OH-5). 9.50 (broad signal. I H. OH-4’). 7.81 (d. 2H. H- 
3’. 5’. J =9), 7.11 (d. 2H. H-Z’&‘. J = 91. 7.11 (d. lll.OH-2. 

J&.‘y = 21. 6.26 (s. 2H. H-6.X). 4.7 Is. CH? /I-dikctoform. 

X.5 ‘I,,). 3.95 (s. 3H. OCH,-7). 3.40 (q. I H. H-3ax. J; :;; = I7 
J;!‘;,!, = 2). 2.89 (d. IH. H-kq. J;; ;:; = 21. 

The crude 7. which was elutcd from the above mcnt’oned 

polyamide column was further purified by chromatography 
on Sephadcx LH20 at first with .Mc,CO;MeOH;H,O 
(2: I: 1) (mainly removal of some high molecular weight 

material ). and then with MeOHjH ,O (7: 3) (separation from 
some minor flavonoids). and finally crystalliscd from 

EtOH;H,O. yellow needles. m.p. and mixed m.p. with an 

isolate from Chrysunrhemum seg~wrn L. 240-242 : MS. UV 
and R, values (5 solvents) of both preparations are also 

Identical. yield 160 mp. 

.4’.~no’r~lc~r!ScJ,~‘(~“r\ We are indebted to G. Schwinger. 
Stuttgart. for measuring the FD-MS. 
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