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Abstract - Two novel flavonolds, llnderstln (1) and 
llnderatone (23, were isolated from the leaves of Lindera 
unbellata var. meabranacea and L. umbellata, and the 
structures were detemlned on the basis of chemical and 
spectroscopic evldencs. 

The deciduous small tree Lindera umbellata (Japanese name Kuromojl) is known to 

be rich in terpenolds and widely dlatrlbuted in Japan. This species is 

classified into five varieties, L. umbellata, L. umbellata var. lances, 4L. 
umbellata var. aembranacea, L. umbellata var. eerlcea and L. umbellata var. 

glabrata, but there is no chemical report concerning these varieties except for L_ 

umbel lata. 1 -rot In this paper, ve describe the isolation and structure 

elucidation of the tvo novel flavonoids (1 and 2) from the leaves of L. umbellata 

var. lancea and L. umbellata, and further the synthesis of (21-l. 

From the fresh leaves of L. umbellata var. lancea (Japanese name Himekuromojl), 

tvo novel f Iavonolds named llnderatln ( 1)’ ’ ) and llnderatone (2) vere isolated 

along vlth 2’,6’-dlhydroxy-4’ -mcthoxydlhydrothaicone 13) and 2’,4’,6’- 

trlhydroxydlhydrochalcone (I).“) Llnderatone (23 van also lsolated13) from the 

fresh leaves of L. umbellata together vlth plnostrobin (51, plnocembrln (6) and 

5,6-dehydrokavaln (7). 

The first compound linderatln (11, C25H3004, gave a bluish color with ethanollc 

ferric chloride. The IR spectrum shoved absorption bands for hydroxyl, conjugated 

carbonyl, and benzene ring as follows: v;;z13 3580, 1620, 1605, 1495 cm-‘. 

Acetylatlon of 1 vlth acetic anhydride in pyrldine gave a trlacetate (la) and 

treatment of 1 vlth methyl iodide and potassium carbonate gave a dlmethyl ether 

(lb). In the ‘H NMR spectrum of 1, characteristic signals for the 2’,4’,6’- 

trihydroxydlhydrochalcone 14) vere observed at 6 2.92 12H, t, J=B Hz, B-H), 3.37 

(ZH, t, J-B Hz, a-H), 5.96 (IH, s, 5$-H), 7.20 (SH, br 8, Ar-Ht and 13.88 (IH, 8, 

OH). In the “C NRR spectra (Table I) of 1 and 1 b, the chemical shifts of the 

carbon atoms of the dlhydrochalcone skeleton, except that of the carbon atom at C- 
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Table I. 'k NMR spectral data (25.0 UW, acetoned6) 

Carbon 
c-1 
c-2 
c-3 
C-4 
c-s 
C-6 
C-l ’ 
C-2’ 
C-3’ 
C-4’ 
C-5’ 
C-6’ 
c-0 
C-a 
C-0 
Oh 

11) 
143.2 
129.4 
129.6 
127.1 
129.6 
129.4 
105.4, 
161.4 
110.5 
163.9* 
95.8 

165.9* 
205.9 
46.6 
31.5 

C-l" 135.4 
C-2” 126.9 
C-3” 36.0+ 
C-4” 43.0 
C-5” 23.7 
C-6” 31.5 
C-7” 23.7 
C-8“ 29.1+ 
C-9” 16.9 
c-1 0” 22.0 

(lb) 
142.6 
129.1 
129.2 
127.0 
129.2 
129.1 
106.1 
162.0' 
113.0 
165.4* 
87.0 

165.3' 
205.6 
46.7 
31.5 
56.0 
56.0 

131.9 
126.5 
36.0) 
42.2 
23.9 
31.5 
23.6 
29.2+ 
16.7 
21.8 

(3) 
143.3 
129.6 
129.8 
127.1 
129.8 
129.6 
106.2 
165.7 
94.8 

167.4 
94.8 

165.7 
206.0 
46.9 
30.5 
56.2 

(4) (2) 
142.9 139.9 
129.1 129.2 
129.2 127.1 
126.5 126.2 
129.2 127.1 
129.1 129.2 
105.1 103.0 
165.4 161.7. 
95.e 111.8 

165.4 163.3' 
95.8 95.8 

165.4 165.6& 
205.2 196.7 
46.3 43.7 
31.4 79.7 

(2b) 
140.1 
129.5 
127.3 
126.5 
127.3 
129.5 
103.6 
162.2* 
113.3 
167.4* 
92.1 

162.6, 
197.4 
43.8 
80.1 
56.4 

134.0 '132.5 
126.2 
35,7+ 

126.5 
35.9 

42.4 42.4 
23.6 23.6 
31.4 31.5 
23.9 
29.1+ 

23.9 
29.3 

16.7 16.7 
21.9 21.8 

16)' 
136.0 
126.5 
128.5 
128.5 
128.5 
126.5 
101.9 
162.7 
95.1 

166.6 
96.1 

163.6 
195.8 
42.2 
78.4 

Carbon 
C-l * 
C-2' 
C-3' 
c-4' 
C-5' 
C-6' 
C-4a 
C-8a 
C-8 
c-7 
C-6 
c-5 
c-4 
c-3 
c-2 
0th 

c-l'* 
C-2" 
C-3" 
C-4" 
C-5" 
C-6" 
C-7" 
C-8" 
C-9" 
C-10“ 

t h~r1qnment.s may be intsrchaagod. 
Measured in DXSO-d6. 
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In Cltrk Add 

4+15 - 1 

I HCI 

RmoY NI 
4 2 

Q 0 
c44 0 

0 

M 0 

I Bf,.Lt,O 

G 0 0 0 

0 

on 0 

11 13 



3’ (8 110.5 and 113.03, u8ra similar to those of the relevant carbon atoms of 3 

and 4. These result.8 suggest that linderatln Ill is a 2’,4’,6’- 

trihydroxydihydrochalcone with 3’-subatituent. The C-3’ l ubstituent (C, oHl7 t 

seemed to be a cyclic monoterpene from the ‘H NMR spectrum indicating the presence 

of isopropyl group Ib 0.82, 6X, d, J-7 Hz), an olafinic proton 46 5.23, lH, 83, 

and a vinyl methyl group (6 1.64, 3H, a). Comparisons of the 13C NUR spectrum of 

1 with those of the menthane type derivatives”) revealed that the chemical shifts 

of the carbon atoms are similar to chemical shifts of the corresponding carbon 

atoms of p-aenthene skeleton. This suggests that the C-3’ aubstituent should be 

p-menthenc. Further, this structure was supported by the mass spectrum. The mass 

spectrum of 1 exhibited the characterfstic fraqment ion A at m/r 324 IH*-CSHlO), 

which vas formed by the retro Diels-hlder reaction “I of p-menthene portion. 

Therefore the trihydroxydihydrochalcone moiety in 1 was linked at the C-3” or C-6” 

carbon atom of p-menthene structure, and the possible structure of lindsratin is 1 

or 8. 

In order to confirm the linking position of the trihydroxydihydro~halcone 

moiety to the p-menthene group, we next synthesized the two analogous coepounds (9 

and 10). Condensation of phloroglucinol rith a readily available p-aenth-1-ene-6- 

01 114)16) or pipsritol (15) in 58 citric acid solution for 2 days produced the 

compounds 9 and 10 resp8ctively.“) The chemical shifts and coupling constants in 

the ‘H NXR spectrum of 1 were in close agreement vith 10, except for those of the 

dihydroclnnamoyl group in 1, Treatment of 1 vlth saturated hydrogen chloride 

sfforded the compound 11, whose spectral data shoved the presence of a bentopyrane 

structure and a tert-methyl group.‘*) 

These data indicate that llnderatin (1) contains the partial structure 10 in 

the molecule. Next, we attempted to synthesize linderatln 11) from 4 and 

pipsritol according to the same methodt7) described above but was unsuccessful. 

Eventually, we found addition of aluminlum chloride to the reaction mixture afford 

linderatln (1 1. Thus, the alternative structure 0 vaa eliminated and linderatin 

was represented by the formula 1. The stereochamiatry of the p-menthene portion 

was deduced from the ‘H NUR spectrum of 1. Namely, the coupling constant between 

the C3*#-H and Cam-H was 12 Hz, demonstrating that the hydrogen0 are trana- 

oriented. Thus the relative stereostructure of linderatin vas shown by the formula 

1. 

The second compound lfnderatone (2t, C25h290,, gave a bluish color with 

ethanolic ferric chloride and vaa positive to the magnesium-hydrochloric acid teat 

and the sodium borohydride teat.lg) hcetylatfon of 2 with acetic anhydride in 

pyridine afforded a diacetate te and treatment of 2 with methyl iodide and 

potassium carbonate gave a monomethyl ether 2b. The IR spectrum exhibited 

absorption bands for hydroxyl, conjugated carbonyl, and benzene ring as follows: 

vibfE13 3370, 1635, 1620, 1580, 1450 cm"'. In the ‘H NUR spectrum of 2, 

characteristic signals for S,7-dthydroxyflavanone pinoceebrln (6) were observed at 

6 2.77 (lo, dd, JII, t7 Hz, 36-H), 3.20 (lH, dd, J-12, 17 Hz, 3a-HI, 5.56 (lH, dd, 

J-4, 12 HE, 2-H), 6.05 Ilif, s, 6-H), 7.4-7.7 (SH, m, AT-H), 9.15 IlH, br a, 7-0X), 

and 12.66 flH, s, 5-OH) along with the signals of terpene-like compound, as seen 
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in the spectrum of 1, at 6 0.85, 0.86 (6H, 2 x d, 5.7 Hz), 1.67 (3A, br sI, 3.87 

(lK, br d, J=lO Hz) and 5.23 (lH, bt I). The mass spectrum of 1 shoved a molecular 

ion at m/t 392 vhich indicate the lack of two protons firm linderatin (1). This 

spectrum also had a characteristic fragment ion B at m/r 322 (H*-CSH,~) which was 

formed by a retro Dials-Alder r8action’5l of a p-nenthene unit, as in 1. 

Compsriaon of the 13C NlfR spectrum of 2 vith those of 1 and 6 showed the following 

fact. All chemical shifts of the carbon atoms of 2, except C-2 (6 79.7) in 2 and 

C-8 (6 31.51 in 1, are similar to those of the relevant carbon atoms of 1. The 

chemical shifts of the carbon atoms of the dihydroxyflavanone skeleton, except 

that of C-6 or C-8, are also similar to those of the relevant carbon atoms of 

pinocembrin (6). These results suggest that linderatone may be a cyclizatlon 

product of 1 and it vaa further supported as follows. Hydrogenation of 2 with 

Raney Nickel (W-3) in EtOH at room temperature for 4 h provlded the optically 

active product (t ) in 25 8 yield which vas identical with linderatin (1 f in all 

respects. Tvo possible structures 2 and 12 are now depicted for llnderatonc. The 

former structure vas supported as follows. Linderatone was neqatlve to the Gibbs 

test2’) and showed the bathochromic shift (X~~H*A1C13 ram: 315 and 3611 in the 

UV spectrum on addition of l luminium chloride. It is known2’1 that the aluminiun 

chloride-induced shift in the UV spectra of S-hydroxyflavanones occurs only in the 

absence of an alkyl subatituent at C-6. Consequently, the structure 12 is 

eliminated and linderatone is reprearnted by the formula 2. Finally, the CD 

spectrum of 2 exhibits the characteristic Cotton effects for 2s flavanones 221 and 

the flavanone linq of 2 is fixed to 2s configuration. 

This is the aocond exan~le~~) of a new class of compound in which a C6-C3-C6 

unit (flavonoidl is linked 4th a cyclic nonoterpene. But linderatin (1) and 

linderatone (2) are first flavonoida which have a p-aanthene subatltuent and they 

are bioqenetically very interesting compounds. 

EXPSK IUSNTAL 

Extraction and separation of the compounds. The f toah leaves (7.3Kql of Lindera 

umbellata Thunb. var. lancea blomiyana, collected at Asuke, Aichi prefecture, 

Japan, in July 1983, vere extracted uith UeOH. The ?WOH extract was divided into 

the n-hexane and KtOAc soluble fractlona. The n-hexane soluble fraction (15Oql 

vaa chromatoqraphed on florisil column. Elution uith benzene gave qeranyl acetate 

(25mq1, linderatin (1) (336nq1, and linderatone (2) (100mq). The BtOAc soluble 

fraction (5891 was chromatoqraphed on silica gel. tlution with CKC13 furnished 

2’,6’-dihydroxy-4’ -methoxydihydrochalcone (3) (804mql and 2’,4’,6’- 

trihydroxydihydrochalcone (4) (51Omq). 

The fresh leaves (12.0 Kg) of L. umkllata Thunb., collected at Shirakaua-mura, 

Gifu prefecture, Japan, in July 1984, were extracted vith MeGIf. The MeOH extract 

vas divided into the n-hexane and CRC13 soluble fractions. The n-hexane soluble 

fraction (55 ql was chromatoqraphed on floriail column. Blution with benzene gave 

linderatone (2)(270 mq) and pinoatrobin (5)(1085 mq). Pollowing elution with 
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benzsne-CNCl3 (5:l) gave pinocentbrin (6)(410 mg) and 5,6-dehydroluwaln (7)(260 

ng). The CNC13 l olublt fraction was chromatogrclphed on florimtl column. ?ollwfnq 

elution with bentono-CHC13 (1:l) gave plnostrobln (S)110 ngf, plnoceabrin (6)(226 

mg), and 5,6-dshydtokavaln (7)(80 mg). 

Lfnderatin (11. Vi8cou8 oil; latbO +19.1* (CNC13; c 0.45); NRMS m/x: 394.2116 

[HI+ (talc. for C25H3004: 394.2142); ns m/t: 394 In)*, 351, 324, 309, 271: 

UV X~~~” nm (log c): 225 (oh, 4.111, 290 (4.151, 338 (ah, 3.44); IR ~~~~'3 

cm -1 : 3580, 3350, 1620, 1605, 1495; 'H HMR (acetone-d6f: 6 0.82 (6H, d, J-7 Rx, 2 

x 8"-l(e), 1.64 (3N, br 6, l"-No), 2.92 (2H, t, J-8 Hz, B-H), 3.37 (2", t, J-8 Hz, 

a-H), 3.84 IlH, br d, Y-12 “+, 3”-“I, 5.23 (lH, bt a, 2““N), 5.96 (l”, l , 5’-“I, 

7.20 (5H, br 8, Ax-H), 13.88 (l”, 8, OH); 13C NHR (Table Il. 

Llnderatone (21. Viscour 011; [a]$' -25.6' (QICl3; c 0.5); CD (@@OH; c 0.023): 

(8)3,2 e2.30 x 103, [8129, -1.36 x lO4, t81256 .2.39 x 103, I81247 t3.41 x 102, 

(91238 *8.52 X 103; N’RJG a/~: 392.1963 (Xl* (talc. for C25H28O4: 392.1986); MS 

C/Z : 392 (Ml*, 349, 322, 307, 270; UV A:::" nm (log C): 234 (oh, 4.061, 292 

(4.061, 331 (sh, 3.451; UV A~~~X+A1C13 nm: 220, 315, 361; IR ~~~~'3 cm-', 

3370, 1635, 1620, 1580, 14150; 'N NXR (acetone-d6): 6 0.85, 0.88 (6N, each d, J-7 

Nx, 2 x SW-H), 1.67 (3", br l , 1”-HI, 2.77 (I”, dd, J=4, 17 Hz, 30-H), 3.20 (l", 

dd, J-12, 17 Hz, 30-H), 3,87 flN, br d, J-10 Hz, 3”-“1, 5.23 fl”, br 6, 2”-“I, 

5.56 (lH, dd, J-4, 12 Hz, 2-N), 6.05 (l”, s, 6-H), 7.4-7.7 (5H, m, Aru-H), 9.15 

(lH, br 8, 7-O”), 12.68 (lH, 8, 5-011); 13C NMR (Table I). 

2'6'-Dlhydroxv-4'-methoxydthydrochalcone (31, Colourles~ plates; np 174-175, 

(from CN2C12), lit. 175. 25); NRM m/t: 272.1188 (Ml* (talc. for Cj6Hl604: 

272.1048); MS a/x: 272 IHI’, 255, 253, 177, 167; W A:::” M (log Cl: 225 

(4.151, 284 (4.23), 323 (oh, 3.50); fR v$j;z'3 cm-': 3580, 1630; ‘H “RR 

(acetone-d6): 6 2.97 (ZH, t, ~98 Hz, B-H), 3.42 (ZH, t, J-8 Hz, a-H), 3.78 (3H, a. 

met, 6.00 (2", a, 3*-H and 5.-N), 7.26 (5H, s, Ar-HI: 13C NMR (Table I). 

2'.4'.6'-Trihydroxydihydrochalcone (41. Colourless prisms; mp 134-135. (from 

C6"6), lit. 138-l 39’ 261; "S m/s: 258 ("I*, 240, 214, 153, 126, 123; UV A%;" 

nm (log ct: 222 (4.12), 286 (4.20), 326 (ah, 3.57); IR "I;;;:'3 cm-l: 3300, 1630; 

‘N NHR (acetone-d6): 6 2.96 (2", t, J=8 Hz, B-H), 3.40 (2", t, J-8 HZ, a-H), 4.24 

(3", br s, 3 x ON), 6.00 (ZN, a, 3.-H and 5'-N), 7.24 (5H, a, Ar-H); 13C NMR 

(Table I). 

Pinostrobin [St colourlees plates; mp 103-104. (from NoOH), lit. 100. 27); 

IO);’ -1.6. (C;C13; c 0.451; HRMS m/s: 270.0904 [Ml* (talc. for Cl6Hl404: 

270.0891); xs m/s: 270 [HI+, 252, 193, 166; UV X;,“$” nm: 224 (ah). 287, 324 

(ah); uv XetoH*A1C13 nmt 308, 378; IR ~~~~'3 WI-~: 3250 (br), 3210, 1640, max 
1630, 1570; 1~ NHR (cDc13): 6 2.81 (l”, dd, J-4, 18 Hz, 36-N), 3.12 (IA, dd, J-12, 

18 Hz, 30-N), 3.82 (3N, s, One), 5.44 (tN, dd, J-4, 12 Hz, 2-H), 6.07 (2X, 8, 6-H 

and 8-N), 7.43 (SH, br II, Ar-N), 12.09 (IN, a, S-OH). 

Pinoconbrin (6x. Colourlers prima; mp 201-203 (from !&OH), lit. 201-203. 28t; 

[o]go -3.4. (HeOH; c 0.5); RRXS n/x: 256.0711 [Ml* fC8lC. for fl5H1204: 

256.0734); us m/x: 256 [Ml’, 238, 179, 152; UV I::$’ na: 224 (oh), 268, 324 

fshf; UV kiEzN*A1C13 nm: 309, 375; IR v::: CII-‘: 3020 (brl, 1630, 1600, 

1580; 1" "P(R (acetone-d6): 6 2.77 (1N, dd, J-4, 17 HZ, 36-H), 3.16 (1H, dd, J-12, 
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17 “2, 3a-H), 5.57 (ii?, dd, ~-4, 12 Hz, 2-H), 6.02 (ZH, 8, 6-H and B-R), 7.34-7.64 

(S", m, At-"), 12.18 (l", I), S-OK); 13C NMR (Table I). 

!j16-D&ydrokaralfi (7j_. P8le yellow needles; ap 137-138, (froa CtOH1, lit. 138- 

140. 29); ""NS m/x: 226.0816 (Ml+ (talc. for C14H12O3: 228.0786); NS m/z: 228 

["I*, 200, 157, 125, 103; UV XEzz" nr: 233, 255, 3437 I" vii: cm": 1720, 

1635, 1605, 1550, 1‘45; l!i NMN (CtX13): 8 3.80 (3", 8, ONat, 5.45, 5.88 (2", 2 x 

d, J-2 Hz, 5-H and 3-H), 6.50, 7.42 (2”, 2 x d, 5116 Hz, -C&C&), 7.34 (St!, m, 

AC-H). 

Acetylation of linderatin. A mixture of linderatin (1)(4 mgl in Ac20 (0.5 ml) and 

pytidine (0.5 ml) was heated at 60. for 4 hr. After work-up, the reaction product 

vas purified by preparative TLC on eilica gel (CHC13) to give a triacetste 

(laj(3.5 agt. Viecoue oil; C3,“360,. (al;’ +37.8* (C”C13: C 0.80); “S m/r: 520 

(“I*, 478, 477, 436, 435# 394, 393; UV Al::" na: 270; UV ~~~~"+A1C13 nm: 

289, 380; IR ~~~‘3 cm-‘: 1770, 1640, 1600, 1495; ‘H NM” (CDC13): b 0.83, 0.90 

(6”, each d, 5.7 Hz, 2 x 8"-Be), 1.62 (3H, br 8, l"-Ne), 2.00, 2.04, 2.15 (9X, 

each 8, 3 x OAc!, 2.95 (I", m, a-" and B-H), 5.00 (lH, br s, 2”-H), 6.82 (lH, st 

5’-H), 7.14 (SH, br et Ar-H). 

Nethylation of linderatin. A mixture of linderatin (1)(20 mql, K2CO3 (56 mg), and 

MeI (144 mq) in acetone (5 mlt wae heated under reflux for 3 hr. The reaction 

mixture vas filtered off and the filtrate vae evaporated to dryness. The residue 

vas purified by preparative TLC on silica gel fC"Cl3f to give a dfmethyl ether 

(lb119 mgf. This compound gave a dark green colour with the Gibbs te8t.20) 

VISCOUS oil; C27H34O‘. [a];’ *97.7* fC"Cl3; C 1.75); XS m/r: 422 (“I‘, 407, 352, 

337; UV 1~~~" nm: 225 fehf, 290; IR v$g'3 cm-': 3350 fbr), 1615, 1595, 

1‘95; ‘H NHR (acetone-d6): 6 0.80, 0.84 (6H, each d, J-7 Hz, 2 x 8"-Me), 1.63 (3H, 

br s, l"-Met, 2.92 (2~, t, J-8 Hz, 8-H). 3.32 (2H, t, J-8 HZ, a-H), 3.85, 3.93 

(6", each s, 2 x One), 5.02 (lH, br 8, I”-“), 6.16 flH, 8, St-H), 7.17 (5X, br 8, 

Ar-X1, 13.98 tlH, (I, OH); 13C NXR (Table 11. 

Cycliration of linderatin. A eolution of linderatin (lI(20 mg) in saturated HCl- 

C”Cl3 (3 mlt vail stirred at room temperaturs for 2 hr. The reaction mixture was 

evaporated to dryness and the residue vae purified by preparatlve TLC on eillca 

981 (CHC13-acetone, 4O:l) to yield a cyclolinderatin tlllll2 mq). Colourlese 

prisms; mp 128-130’ tfrom CHC13); [olg” +59.8* 1CHCl3; c 2.91; ""MS mfz: 394.2102 

Ini* (talc, for C25H30O4: 394.2142); MS m/t: 394 [Ml', 324. 309; uv x2:" rue: 

225 fehf, 288; UV ~~~$H*A'C13 nm: 271, 310 (eh), 348; I" vzi$'3 cm-': 3600, 

3250, 1620, 1610, 1500; 'H NHR (CDC13): 6 0.94, 1.05 (6H, oath d, J-7 Hz, 2 x 8”- 

M4l. 1.33 13H, s, 1"Mel, 3.00 (2H, t, J-8 Hz, B-H), 3.40 f2H, t, J-8 Hz, a-H), 

5.83 flH, s, S’-Hi, 7.18 (S", br s, Ar-H). 

5-Iso~ro~yl-2-methvlcyclohcx-2_envlphloroqluclnol ($)_. A suspension of 

phloroglucinol (1.0 9) and p-menth-l-cne-6-01 (14)(0.421 9) in 5ti citric acid (20 

ml) wae stirred at room temperature for 2 days. The reaction mixture vae 

extracted with ether end then extracted twice with AcOEt, The organic layer vee 

washed vith H20, dried tNa2S041, and evaporated to give a residual oil. The oil 

vas purified by repeated preparative TLC on silica gel (CHC13-acetone, 5:l) to 

afford (9)(11 mg). Viscous oil; HHMS m/r: 262.1534 [Ml+ (talc. for C16HZ203: 
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262.1567): Xs m/x: 262 I~]*, 219, 177; IR vE9g13 cm-': 3600, 3380, 1630, 1605, 

1510; 'Ii NMR (acetone-d6): 6 0.66, 0.88 (6H, eaoh d, 597 Hr, 2 x 8"-Me), 1.67 f3H, 

br s, 1 ‘-me), 3.83 tlH, br a, 6'-R), 5.68-5.84 (lH, m, 2,-H), 5.90 (2H, I), 3-R and 

5-H). 

PiDerltYl Dhlorocrlucinol tlO1. A solution of piperitol (1 SffO.61 g) in Et20 (2 

ml) was added to a suspension of phloroglucinol (1.0 g) in 59 citric acid (30 ml) 

and stirred at room temperature for 2 daye. The reaction mlxturc uas extracted 

with ether and then extracted twice with AcOEt. The organic layer was vaahed with 

R20, dried (Na2S04), and evaporated to dryness. The resulting residue was 

purtfied by preparative TLC on silica gel (CHCl,-acetone, 1O:lt to give piperityl 

phloroglucinol (10)(20 mg). Viscous oil! HI&IS m/z: 262.1578 I!#]* (talc. for 

‘1 6H2203: 262.1567); MS mfr: 262 [Ml*, 192, 177; IR v;;z13 cm-': 3600, 3420, 

1630, 1605, 1510; 'H NNR (acetone-d6): 6 0.83 (6H, each d, 5.7 Hz, 2 x 8'-Me), 

1.69 f3H, br (I, I'-Net, 3.80 (1X, br d, 3’-HI, 5.34 (lA, br II, 2*-H), 5.91 (ZH, s, 

3-X and 5-H). 

SYnthesir of (;) lindsratin (1 1. (*I-Piperitol (15)(50 lag) was added to a 

suspension of 2’,4’,6’-trihydroxydihydrochalcone f431100 ngl and AlC13 150 mg) in 

5% citric acid (3 ml) and stirred at room temperature for 2 days. The react ion 

mixture was extracted with CHC13. And the organic layer was washed with H20, 

dried over Na2S04, and evaporated to dryness. The residue was purified by 

preparative TLC on silica gel lCHC13-acetone, 40~1) to yield a racaric linderatin 

(7 llll fag). Spectra (MS, UV, IR, and ‘H NnR) of this synthetic product were 

superimposable on those of a natural ltnderatin (1). 

Acetylation of linderatone. A mixture of linderatone f2)(5 mgt and Ac20 (0.1 ml) 

in pyridlne (0.1 ml) was stirred at room temperature overnight. After York-up, 

the reaction product was purified by preparative TLC on silica gel (CHCl3) to give 

a diacetate (2a)fS mgt. Viscous oil; C29H3206: [a);’ +21.2* (CHC13, c 1.75); MS 

m/z: 476 In]*, 434, 433, 392, 391, 365, 364, 323, 322; WV X$gH run: 228, 258* 

3217 IR “2:‘) cm-‘: 1770, 1690, 1615, 1570, 1455: ‘H NMR (CDC13): 6 0.81, 0.87 

(6H, 2 x d, J-7 HZ, 2 x 8”-Net, 3.70 OH, br sr 1”~He), 2.24, 2.34 (6H, 2 x 1)$ 2 x 

OAC), 2.74 (lH, dd, J-4, 17 Hz, 38-H), 3.11 (lA, dd, 5=13, 17 Ht, 30-H), 3.56 (lA, 

br d, J-3 Hz, 3”-H), 5.20 flH, br I), 2”-HI, 5.54 (IH, dd, J=4, 13 Hz, 2-H), 6.79 

(lH, sr 6-H), 7.50 (SH, s, Ar-Ii). 

Methvlation of linderatone. A mixture of linderatone (2)(20 mg) in saturated 

CH2N2-Et20 (5 ml) was stirred for S hr at toon temperature. The reaction mixture 

was evaporated, and the residue was purlfisd by preparative TLC on silica gel 

(CHC13) to give a monomethyl ether (2b)fll mgf. viscous oil; tat;0 *s1.1* 

tcHc13; c 0.36); HRMS m/z: 406.2093 [U]* fcalc. for C26H3004: 406.2142); HS m/r: 

406 (?I]*, 363, 336, 321; UV X;:" M: 232 (shf, 292, 341; W IKH+A1c13 run: 

315, 354; IR vztE’3 cm-‘: 3600, 1630, 1570, 1495; ‘H NUR fCDC13): 6 0.79, 0.84 

(6~, d x 2, 517 ~2, 2 x 8"-~01, 1.66 13H, br s, I"-Uar, 2.76 flH, dd, J-4, 17 Rr, 

3&H), 3.10 (lx, dd, J-13, 17 Ht. 30-H), 3.77 43H, s, 7-OMo), 5.76 tlHt br sr 2”- 

H), 5.43 fly, dd, ~~4, 13 Rz, 2-H), 6.08 tlH, s, 6-H), 7.44 (SH, a, At-H), 12.34 

(IH, s, OH); ‘% NMR (Table 11. 

Cvcliratlon of linderetone. BP3+Bt20 (3 drops) was added to a solution of 
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llnderatone (2)(35 rg) in CHC13 (1 ml 1 at 0. and the mixture wan stirred for 30 

min. at room trperature. After cooling, the roactlon mixture wae uaohed with H20 

and the CHC13 layor was dried over Ha2SOI and evaporated. The remiduo was 

purified by preparative TLC on rilica gel (n-hexane-ether 3:l) to give a 

cyclolinderatone (13)(10 mg). Viscous oil; [a];’ -28.7. (cRC13; c 0.3); HRMS m/s 

392.1974 [Ml* (talc. for C25H2804: 392.1985); MS m/r: 392 [Ml*, 377, 349, 322, 

307; UV A~~~” nm: 296, 324 (ah); IR v,“9z13 cm-‘: 3400 (br), 1640, 1625, 

1575, 1495; ‘H NMR (CDC13): 6 0.93, 1.07 (6H, 2 x d, J-7 Hz, 2 x a”-Me), 1.32 (3H. 

II, I”-Me,, 2.73 (lH, dd, Ja4, 17 Hz, 38-H), 3.04 (lH, dd, 5.12, 17 Hz, 30-H), 3.40 

(lH, br s, 3”-H), 5.41 (lH, dd, J=4, 12 Hz, 2-H), 5.98 (lH, LI, 6-H), 7.43 (SH, a, 

k-H), 12.31 (lH, s, OH). 

Hydrowmolyeis of llndaratone. A mixture of linderatone (2) (16 mg) and Raney Ni 

(W-3) in EtOR (5 ml) wan stirred for 4 hr at roou! temperature under the hydrogen 

atomoephere. The reaction mixture was filtered and the filtrate was evaporated to 

dryness. The residue uao purified by preparative TLC on eillca gel (CHC13- 

acetone, 4O:l) to give a optically active linderatin (1)(4 ag). This compound vae 

indistinguishable fron natural linderatin (1) by optical rotation and all spectra 

(MS, UV, IR, and ‘H NNR). 
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