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Abstract Chemical analysis of ground aerial parts of Cerotiolo ericoides yickdcd tht two known dihydrochakoncs 
angoktin and 2’.6’dihydroxy4mcthoxy-3’.S’dimcthyldihydrochakone, as well as 2.4’dihydroxychakone. 
Furthermore, the known Ravanona ‘I-hydroxytlavanonc, &methylpinocembrin and 6,8dimcthylpinoccmbrin were 
isolated. Methanol extracts of ground kavcs provided catechin. cpicatcchin and cpkatcchin-(44 + 8; 2/? -, 0 -. 7)- 
epkatcchin. From water washes of freshly harvested kava a novel dihydrochalcone, ceratiolin. was isolated. The 
structures were inferred from NMR, mass spectral and chemical data_ and the molecular structure of 6,8- 
dimcthylpinoambrin was determined by single crystal X-ray analysis. 
.-. -- - -- -- 

Ceroriolo ericoides is a monotypic genus, which is one of 
only three genera in the Empctraaae. An endemic of the 
Florida scrub community, Cerariolu is locally dominant 
on disturbed sites. The absence of herbaaous growth 
around Cerariolo plants has prompted invcstiption of its 
allclopathic potential. Preliminary results from extensive 
bioassays and field transplants showed that water soluble 
litter extracts strongly inhibited germination and radick 
growth of native grasses of the adjacent sandhill com- 
munity; however, water soluble extracts of fresh leaves 
were only mildly allelopathic [ 1 J. Although chromato- 
graphic patterns of the Aavonoids of Cerafiola had been 
previously carried out in connection with a biochemical 
system study of the Empctraceae [2]. an extensive re- 
investigation of this species was performed in a search for 
the alklopathic constituent(s). 

RFSLLTS AND DISCUSSION 

Crude dichloromcthane extracts of C. ericoides leaves 
were chromatographcd on a Scphadcx LH20 column 
using a mixture of chloroform methanol (I : I). Early 
fractrons contained a mixture of ursolic acid and ery- 
throdiol in a 4: I ratio. Intermediate R-actions, which 
contained mixtures of tlavonoids, were re- 
chromatographcd over silica gel yielding pure compounds 
1 6. 

The structures of the dihydrochakoncs 1 and 2 were 
established by comparison of their ‘H NMR and MS 
spectral data with literature values [%S]. The “C NMR 
spectrum of 2 (Tabk I) was assigned by correlation with 
values reported for compound 1[ 51. Also, by comparison 
with the data for compound 2, the interchangeable “C 
values reported for 1 could be unambiguously assigned. 

The structure of Ravanone 3 was assigned by com- 
parison of its ‘H NMR data with values reported in the 

*Author to whom conapo~~Icna should be abased. 

literature 163. The ‘H NMR spectrum ofcompound 4 was 
nearly identical with that of 3exapt for the appearance of 
a singlet at 66.0 and the lack of a three-proton singlet. Tire 
UV spectrum showed a shift, as with pinoccmbrin [ 73, IO 
longer wavelength when trtatcd with AICI, MeOH, 
indicating that thtrc is no alkyl substitution at C-6 [8] 
Raving position 8 as the only possible site for the methyl 
substituent. Compound 5 193 had a ‘HNMR spectral 
pattern similar to those of compounds 3 and 4 except for 
the following hydrogen absorptions of the A-ring: the 
doublet at 66.48 (I = 2 Hz) was assigned to H-8, the 
doubkt of a doublet at 66.56 (J = 8.5; 2 Hz) IO H-6, and 
the doublet at 67.87 (J = 8.5 Hz) to H-S. Compound 6 
[IO] exhibited a ‘H NMR spectrum with a complex 
coupling pattern in the aromatic region. Therefore. the 
coupling constants were derrvcd from a two-dimensional 
J-resolved ‘H NMR spectrum and are presented in the 
Experimental. 

Partitioning of the methanol wash of ground aerial 
parts of C. ericoides between water and ethyl acetate 
ykldcd catcchin, cpicatechin. epicatcchin-(48 + 8; 28 + 0 
-. 7)-cpicatechin (A-2 dimcr) (7) and other unidentified 
proanthocyanidins. Silica gel column chromatography 
provided fractions which were aatylatcd to better facili- 
tate the separation and identifications of the relatively 
polar phcnolic constituents. The structures of the aatatcs 
of catcchin and epicatcchin were established on the basis 
of their ‘H NMR data, and in the case of epicatcchm 
aatate, its “CNMR spectrum. The structures were 
confirmed by TLC and NMR comparisons with known 
standards. 

The ‘H NMR spectrum of the aatatc of 7 exhibited 
sharp peaks indicating a rigid oligomtr of the A-type, in 
contrast to the R-type dimcrs where rotation around the 
4u-81 bond is possible [ I I]. The chemical shifts were very 
similar IO the ones described by Jacques and Haslam [ 121 
but since the coupling constants were not obtainable at 
lower field [ 123. the 200 MHz ’ H NMR data are included 
in the Expcrimcntal. The prescna of nine aatyl carbonyls 
and tbc shift of the C-2 signal from around $77 IO near 
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Tabk 1. “CNMR dada* of compounds It. 2, and 7 
(50.32 MHz) 

Carbon I 2 axI ,) 8 (McOHd,) 
-~-- _- 

141.7 s 
128.5 d 
128.5 d 
I26.0 d 
128.5 d 
128.56 
106.6 s 
159.2 J 
109.0 S 
159.2 s 
108.6 s 
161.5 J 
44.7 I 
3l.Or 

205.2 5 
61.9 q 

7.5 9 
8.6 9 

141.6 s 
128.4 d 
128.4 d 
125.9 d 
128.4 d 
128.4 d 

I5lt.2 s 
108.6 s 
162.7 s 
108.6 z 
158.2 s 
46.1 1 
30.6 I 

m5.7 f 
60.3 9 
8.2 9 
t3.a 9 

142.5 s 
129.4 d 
129.4 d 
127.0 d 
129.4d 
129.4d 
105.9 s$ 
191.0s 
104.0 s: 
174.5 5 
65.7 s 

198.0 5 
41.9 1 
32.4 I 

ml.9 s 

7.09 
28.8 9 

*Peak multiplkitta of compouadr 2 and 8 were 
dctermincd by ttctaonuckar multipuke program 

(DEPT). 
t Data obtamcd from ref. [ 5). 
$Aasignments arc intercbangcabk. 

*We wish to thank Professor E. Haslam for a genaous gift of 

6100 in the “CNMR spectrum indicated an A-type 
dimcr L 13.141. Co-TLC and ‘H NMR comparisons with 
the authentic sample of the acetate prepared from an A-2 
dime? confirmed its structural identity. 

Ceratiolin (8) was obtained from fresh plant material by 
soaking whole leaves in water at ambient temperature. 
Compound 8 was the major constituent present in the 
water washes extracted with EtOAc CHCI, (I : 1). 
Elemental analysis and the observed molecular Ion 
(M,302) from the GC-MS of the acetylatcd derivative 
gave the molecular formula C, :H, “O?. The lllilss spectral 
peaks at m;: 91. IO5 and 133 were typical of a B- 
phenylpropionyl moiety. Formation of two 2,4-dinitro- 
phcnylhydrazoncs indicated the presence of at least two 
carbonyl groups. An IR band at I668 cm ’ was consistent 
with a crossconjugated carbonyl system and another 
band at 164Ocm ’ was in accordance with a further 
carbonyl group that is both conjugated and hydrogen- 
bonded [IO]. The ‘H NMR spectrum of 8 was similar to 
those of I and 2 exapt for the chemical shifts of the two 
methyl groups. A three-proton singlet at 61.5Oppm as 
wcllasaquartetat b28.8 in the “C NMR spectrum wasin 
accordance with a methyl group on a carbon bearmg a 
hydroxyl group. Another three-proton singlet at 
6 I.85 ppm indicated the presence of a methyl group on a 
double bond. The appearance of a quartet at 7 ppm in the 
“C NMR spectrum strongly suggcstcd a methyl group on 
a double bond which is part of an cnol moiety (5, IS 1. The 

the A-2 dimcr. CD data fiulcd to detect an optically active centrc whKh 
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implied the presence of a nonenxymatically formed ra- 
cemic mixture at C-S’. The “C NMR assignments were 
made by comparison of the spectrum lo those of the 
dihydrochakoncs 1 and 2. 

An in situ trichloroacetylisocyanate (TAI) dcrivatiz- 
ation [ 161 revealed the presence of two reactive hydroxyl 
groups. The tertiary hydroxyl group which gave a slower 
reaction caused an expected p shift of A6 + 0.141 for the 
methyl signal at 61.50. The presence of a D20 ex- 
changeable ‘H NMR signal at 6 lg.86 along with a dark 
green positive FcCl, test suggested the prcscna of an cnol 
group. The large downfield shift of this signal could be 
accommodated by a trkarbonylmethinc system as in 8 or 
9 [173. In similar systems, the tautomer with extended 
conjugation is the more favourcd form as the 2 : I ratio of 
the tautomers 10 and II indicates [18]. 

Despite the similarity of the A-ring in compounds 10 
and I1 with aratiolin (8). the latter compound surpris- 
ingly exists as a single tautomcr (8) as detected by 
‘H NMR in a temperature range between -80” (in 
CDICIz) and + 100” (CD,-NO,). This exclusive pre- 
fercrwr for 8 may be due IO IWO factors: in tautomcr 9 the 
electron-rich tertiary alcohol function is adjaant to the 
cnol group which is a less stable mokcular arrangement 
1191. Moreover. for tautomer 8 a second hydrogen 

bonding is possibk between the hydroxyl at C-S’ and the 
carbonyl oxygen at C-6’ which further contributes IO a 
higher stability of 8 over 9. This second contribution also 
supports the biogcnctically favourod positions of the 
hydroxyl group at C-4’ and methyl at C-3’ rather than the 
possible isomer with a reverse attachments of sub- 
stitucnts. Biogenetically. aratiolin appears to be an 
oxidative derivative of the dihydrochakone (12). 
Epoxidation at C-S’ of 12 followed by opening of the 
epoxide ring as indicated by the arrows, would provide 
aratiolin (8). 

The successive losses of m/z 43 and m/z 18 in the mass 
spectrum of 8 can be formulated as a bcnzilic acid type 
rearrangement of the six-membered ring resulting in a 
five-membered ring Rearrangements of this type have 
been observed [20] and variations of it reported for 
constituents of My&o gale [4]. Biogcncts pathways 
mvolving similar rearrangemcn~s have also been proposed 

Pll. 
Ceratiolin (8) slowly decomposes either neat or In water 

solution at ambient temperature to yield hydrocinnamic 
acid along with other unidtntifitd products, a process 
involving an acid cleavage of the tricarbonyl mcthine 
group. Ceratiolin itself exhibits only moderate inhibitory 
activity in germination and radick growth bioassays, but 

HO 

8 
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hydrocinnamk acid shows considcrabk inhibitory ac- 
tivity on seed germination and radiclc growth. The 
differences in activity may explain why fkld colkctions of 
decomposing litter of C. ericoides are much more active 
than the fresh leaves [t]. 

Crystal srructure analysis oj 6,gdimethylpinocembrin (3) 

The molecular structure of 6,8dimcthylpin~mbrin 
(3) IS illustrated in Fig. 1. and its conformation is de- 
scribed by the torsion angles in Table 2. The spacz group 
is antrosymmetric, and thus the compound is shown IO 
be raamic. The phcnyl group is disordered into IWO 
conformations, and the model chosen for its rehnmnt 
kd to some unrealistic bond distances and angks. TIK 
gcomttry in the remainder of the mokculc appears much 
more chemically reasonable. The heterocyclk ring has a 
puckered conformation in which cndocyclic torsion 
angles about C4-Cl0 and CY-Cl0 are both near zero. 
thus only C2 is significantly out of plane. This conforma- 
tion has approximate local C, symmetry, with ClOand C2 
lying on the mirror. This conformation can be compared 
with that of ( - )&bromocryptostrobin 1221. which dif- 
fers only by substitution of bromine for methyl at C6. The 
hcterocyclic ring in that mokcuk is somewhat more 
puckered and more deviant from local mirror symmetry 
(Tabk 2). 

The fused aromatic ring has its six atoms an average of 
0.009(4) A from their common plane, with maximum 
deviation 0.015(S) A for C9. Full substitution of this ring 
causes several of its substituents to lie out of this plane. 
deviations for 03, C4, Cl I. and Cl2 being 0.037(4), 

Fig. I. The molecular s~rwure of 6.8dinuthylpmoccmbn. H 

a10m.s pad disordered phcnyl carbon atoms are rcprcscnkcl by 

circks of arbiIranly small size 

Tabk 2. Sclc~~al Iorslon angles (deg.) 

AIOmS 

b.%Dimethyt- 
pmocembrin 

bBromaqpto- 
strobin 

OIC2<3C4 - 37.0 - 53.8 
C2-C3 C4CIO 19.0 32.1 

CKKIO-0 - I.0 -4.8 

C4XIoXXOI -0.2 - I.3 

Cl0 C9 01 c2 - 17s -21.9 

c9-OlC2C3 36.7 49.3 

0.035(S), -0.061(6) and 0.061(S) A, respectively. Except 

for those a&ted by disorder, bond distanas are normal, 
with csds 0.003-0.004A. C-C distances in the aroniatic 
ring average 1.394A. C-OH bonds average I.362 A and 
C-C (methyl) bonds average I.SOSA. Bonds which ap- 
peared anomalously long in 6-bromocryptostrobin due to 
data colkction diI%cultics, notably C7-03 and CSXl2, 
are nor&ml here: I .392( 3) and I .5 I l(3) A. respectively. 

The compound displays both intramokcular and inter- 
mokcular hydrogen bonding in the crystal. The intra- 
mokcular H bond 02 . . . 03 is short. with discam 
2.568(3)A and angk a1 H co 128”. The carhonyl oxygen 
atom 02 also accepts a hydrogen bond from hydroxyl CM 
of a neighbouring molcculc. with 02 . . . 04 distance 
2.725(2)A. and angle co 153” at H. 

EXPERIMENTAL 

Plau wsalmal. Aerial pans of ceraridu air&es Michx. 

(Empecrxzac) were collaacd m Sun Ray, Florida, in June and 

ScpIcmbu I984 (Hansen and Richardson No. 6956 and 6163; 

voucbcrs dcpositcd a1 tbc UniveruIy of SouIh Florida 

Hcrtium). 

/solarion oj capon& I 6. Air drKd ground katcs of 

C. airodes (I Xl g) colleacd in Scptcmber. 1966, were soaked in 

hcum IO remove faIIy ma~crul. The mark was then soaked in 

CHICI,. 14.2 g of crude exIracI thus obraincd and dried in WJCW 

was chromatographcd over Scphadcx LH-20 usmg a MaIurc of 

CHCl,- M&H (I : I). Thirty-six f&ions of SO ml each wcrc 

obuuned. FrPcIions l&l7 (2.3 gl. composed wnly of llavo- 

noids. wcrc combmcd. I50 mg of Ibis ma~rnal was chromato- 

graphed over s&a gel wlIh mcrcasmgly mr nuxIurcs of 

CHICII wlIh I2 fractions king Iaken. Fr#?ions 2 and 3 con- 

laincd1(Smg)andt(Umg).~;r0~~~1~yidddd3(9mg).I 

(I2 mg) and fraalon 9 gave 5 (I mg) and 6 (I3 mg). 

Isolorlon oj caolrolm (8). Fresh lcavcs (Xl0 g) were soaked m 

2 I. HJO for 6 hr and rcsoakcd for 20 hr. Tbc combined washes 

wcrc cxIrPCtcd with 3 x %O ml EtOAc-CHQ, (I : I). 
ConanIrallon of the cx~rpct in ~YYUO yicldcd 400 mg of a crude 

mixture wiIh 8 as the mayor cons~ucnI as ddcrmincd by 

‘H NMR. A soluIionof8in McOH (5 ml)whcn kcpI a1 - 15” for 

scvcral days provldcd I40 mg of ceratmlrn (8) whrh was 

rccrysIallucd IWKZ from McOH. mp 148-149‘. 

Isdorum ojcompould 1. AIrdrud. grouod C. cricoides lcavcs 

(600 g) collated In June. 1984. wcrc succasivcly soaked in 2 x 2 I. 

hcxanc and 2 x 2 I. CH*CI> 81 amtmcn~ tcmpcra~urc IO remove 

nonpolar compound* The mark was tbco soaked m 2 x 2 I. 

McOH for 30 hr toob~am 17.2 gofcxIrac~ followingcvaporaIion 

in WYW. The cxIract was panirioncd bctwcen EtOAc H# (2 I. 

each). Upon cvaporaclon of ErOAc. 4. I 8 of crude extract wcrc 

ob~amcd The cxtrac~ was chromntographcd over silica gel with 

msrcasingly polar mixtures of CH,Cla Mc,CO as solvcn~ 

I(! l00ml fraaions bcmg obmincd. FracIions II-14 were ac- 

ctylatcd with Ac,O pyrdinc. Silica gel TLC (I mm) tvlth 

crhcr 5% EtOAc as solvent ycldcd I mg catechm pcn~aaatntc. 

24 mg epicstcchin penIaaceIaIc from 39 mg of Fr I I. 35 mg of a 

rmxturc of Fr 13-14 yickkd I9 mg of Ibc nonaaceIaIc of 

cpicatcchin-(4/l+ 8; 28 + 0 + ‘I).cpicaIcchm (7) along with 

smalkr quanIiI_ of other unidctdcd dimcrs ad cp+caIcchin 

PcTtaIc. 

6.&Dunrrhylpinmmbrinocrmbr,n (3). ‘HNMR @pm): 62.08 (6H. ~1 

2.84 (IH, dd. JIk - 3H& Jwb - 17.5 Hz). 3.05 (IH. dd. J,,,, 
- I3 Hz. Jk,,, = 17.5 Hz) 5.41 (IH. dd. J, - 3 Hr JT,b 
- I3 Hz). 7.44 (4H. mk EIMS m/r (rcl. in1.k 284 [Ml ’ 17 I ). 266 

[M-H~O]‘(3).207[M-C,H,J’(45).180[M-C,H.]’(~%. 

I52 [M -C.H, -CO]’ (1003. 
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&Me~hJ+mocembrtn (4). ‘H NMR (ppm): 62.06 (3H. sl. 2.82 

(1H. dd. J,_, - 3 Hz I, ,,, = 17.5 Hz). 3.09 (IH. dd. JLJb 
= 13H7_Jk,,,- 17.5Hz).5.37(1H,dd.I~~-3HzJ~,~= 13 

Hrk6.01 (IH.sl.7.44(4H,brs). 12.31 (IH.rtEIMSm/z(rcl.~nt.~ 
270 [MJ’ I%). 269 [M - HJ’ (49). 193 [M - C,H,]’ (100). 166 

[M - C,H.]’ (48). 138 [M - C,H, - CO] ’ V-N. 
(JV.iz’” (nm): 225sh. 290 (317 with AICI, MeOH). 335sh 

(370 wrth AICI, MeOH). 

7-Hydroxyflurunone (5). ‘H NMR (ppm): 62.84 (IH. dd. .I,., 
= 3 Hz. Jk,,, - 17 5 Hz). 3.06 (IH. dd. Iti, = 13 Hz, Jk,, 

= 17.5Hz).5.48(1H.dd,l?.bL: 3Hr_J,_,,= 13Hrl,648(IH.d. 

J -2Hz).656(IH.dd.JI.=8.SHz.I,,-2Hz).7.44(4H. 

mi”7.87 (IH d J * * - 8.5 Hz). ElMSmiz (rel. inr.): 240[ M]’ (91). ,.ca- 
239 [M -HI’ (64). 163 [M -C,H,]’ (73). 136 [M - C.H.]’ 

(1001 IO8 [M-C,H.-CO]’ (51). 104 [C.H.]’ (56). 

2’.4’-Dihydroxychalcorw(6). ‘H NMR (ppmy.66.44(1H.d.J,. 
- I 5 Hz). 6.45 (IH. dd. 1. ,, - 1.5 Hz. J, p = 7.9 Hz) 7.74-7.03 

(SH. m), 7.58 (111. d. J,,, = Y.4 Hz). 7.85 (IH, d, J.., 1 7.9 Hz). 

7.90 (IH. d. J,, - 9.4 Hz); EIMS m.: (rel. mt.): 240 [Ml’ (12). 

239[M-H]‘(77).163[M-C,H\]‘(l00).137[M-C.H,]’ 

(77). 77 [C.H,] . (47). 
Nonocurrace o/ epuorcchrn-(4/r + U: 2j7 + 0 + ‘Ihcpkarrchrn 

(7). ‘H NMR (ppm) bl.50 2.30 (27H. CO CH,). 2.80 (IH. dd. 

J1.4b - 4 Hz J4..4b = 17.5 Ho). 2.94 (lH.dd. I,., - 2 1~7, J&,b 

= 17.5 Hz). 4.61 (IH. d. I,,, - 4 Hrk 5.20 (IH. d. I,,, = 4 Hzk 
5.30(lH.br~).S23(1H.brs).6.M(IH.d.J,,, - 2Hzk651 (IH. 

5). 6.83 (I H. d. J,.. - 2 Hz), 7.14 7.59 (61t. m). 

Ccroridin (8) C,:H,,O,. yellow sohd. mp 148 149.; 
IRrKa’cm ’ 3450. 166% 1639. 1578: iz”(nm) (loge) 228 

(4.,2~;25 (3.99). 358 (3.Y7l; ‘H NMR (ppm): 61.50 (3H. s. CH,). 

I.85 (3H. s. (‘It,). 2 YY and 3 25 (4H. m. H, and H,), 7.26 (SH. s- 

broadened. Ar-H), 18.86 (I tt. s. Ott. ex DIO). I:IMS m/z (rd. 

ml): 302 [.M]’ (3.7). 284 [M - H#]’ (2.2). 259 [M 

-C>H,O] (40.5). 241 [M-C,H,O-H>O]’ (11.6). I80 [M 

-C.H,+ H]’ (16.0). 133 [C,H,O]’ (18.0). IOS [C.H,]’ 

(57.3). 91 [C-H-]’ (100). (C-ak. for C,,H,,O,: C. 67.54; H. 

5.96”~. Found: C. 67 25; H. 6 25.) 

FA/ dcrirvarirorron. ‘H NMR (M) - 61.50 (ti+O.141). 1.85 

(A6 + 0.068). 2.99 (A6 + 0.041). 3 25 (Ab + 0.041). 

X-Ray dam 01 6.8-dmwrhy/ptnocmbrmbru, (3). A crystal of 

dimcnsrons 0.20 x 0.24 x 0.30 mm was used for &a collaaron on 

an Enraf-Noruus CAD4 dilTractomctcr equipped with CuKa 

radrarron (i - 1.54184A) and a graphnc monochromaror 

Crysral data are: C, -HI .O,, M, = 284 3. monochnic space group 
P2,;c. a - 4.X29(1). b = 24.57314). c - 12.678(2)A. fi 

- 100.38(l)A. Y = 1479.8(8)A. Z - 4. d, = 1.276gan ‘, 
p(CuKah7. I cm ‘. T = 24C. Data were colkc~cd by w-20 scans 

of varrabk speed. I. 18 4.0 deg/mm. One quadrant of data having 

2’ < 0 < 60’ was measured and yielded 2195 unique data of 

wh)ch 1387 had I > 30(f) and were used m the refinancn t. mu 

reduction ~ncludcd corrccrions for background, Lorcnlt polariz- 
anon and absorption effects 

The srrucrurc was solved by dtrccr methods. using MULTAN 

79 1231. and refined by full-matrix kasr squares. using the Enraf- 

Nomus SDP programs [24]. Except for the half-populated 

carbon atoms of the disordered phcnyl group. which were relined 

tsotropicplly. all C and 0 atoms were refined anisorropimlly. 

Hydrogen atoms were located m dtffcrcncc maps and included as 
fixed contriburrons wrrh B = S.OA; disordered H atoms were 

ignornl. Convergence was achKvcd with R = 0.085. Rw - 0.097 

for 187 varubks. and maximum rcudual electron density 

0.41 cA3. Suppkmcntary rnatcrral has been dcposncd at IRK X- 

ray crysrallographic dam ccnrrc ar Cambridge. 
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