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Abstract--Chinensinaphthol and chinensinaphthol methyl ether, two new I-aryl-2,3_naphthalide lignans. have 
been isolated from the title plant, Structures (2) and (3) have been established for them by chemical transforma- 
tions and spectral evidence. Significant quantitative variations in the content of the cyclic and the acyclic lactonic 
lignans (I-3, S-7) of P. chinensis have been observed in plant material, collected from the same locality and exam- 
ined in 3 consecutive years. 

INTRODUCTION 
PREVIOUSLY, the isolation and structure elucidation of a new 1-aryl-2,3-naphthalide lignan, 
chinensin (1) from the whole plant of Polygala chinensis were reported.’ The present paper 
reports the isolation and structure of two new l-aryl-2,3-naphthalide lignans. 

RESULTS AND DISCUSSION 
Extraction of the entire plant with light petroleum followed by crystallization and 

column chromatography of the extractives gave four crystalline lignans, viz, chinensin (1) 
suchilactone ,(5), chisulactone (6) and helioxanthin (7). Extraction of the defatted plant 
materials with EtOH followed by the usual processing of the extractives afforded a further 
crop of chinensin together with two new compounds chinensinaphthol and chinensinaph- 
thol methyl ether. 

Chinensinaphthol 
The molecular formula CZ1Hlh07 was established from elemental analyses and MS 

determination (M’). It responded to Labat test indicating the presence of methylenedioxy 
group (which was subsequently established from its PMR spectrum), and showed a purple 
colour with cont. HzSOc characteristic of arylnaphthalide lignans.’ Zeisel determination 
showed the presence of two methoxyl groups. The UV spectrum was strikingly similar to 
that of diphyllin (4).2 The IR spectrum showed major bands at v 3520 (OH), 1745 (aromatic 
y-lactone), 942 (methylenedioxy), 800 cm - 1 (1,2,4_trisubstituted benzene ring). The lactone 

* Part III in the series ‘Chemical Constituents of the Polygalaceae”. For Part II see Ref. 1. 
’ GHOSAL. S.. CHAUHAN. R. B. P. S. and SRIVASTAVA. R. S.(1974) Pkytochrr?lisrf’~ 13, In Press. 
z HORII. Z., OHKAWA. K. and IWATA, C. (1972) C/ILWI. Pham. Bull. Jtrpur~ 20, 624 and references cited therein. 
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carbonyl band exhibited an upward shift by 36cm~ ’ from that of diphyllin I’ 0 co 
1709 cm ‘). In the corresponding O-methyl derivatives. however. this band appeared at 
the same position (11 1762 cm ‘). These observations. together with the sparing solubility 
of chinensinaphthol in 5 per cent aqueous NaOH and the negative ferric chloride test indi- 
catcd that the lactone carbonyl was located at the /nctn position to the naphthol OH as 
in diphyllin. Chemical evidence for the prescncc of the OH group was obtained from accty- 
lation and methylation: the O-acct>i and O-methyl derivatives shovvcd satisfactory com- 
bustion analyses. 

The 60 MHz PMR spectrum in CD,COCD, showed proton signals ascribable to a lac- 
tone methylone group (;i 5.34, 2H, s. non-shielded by the aryl nucleus perpendicular to the 
naphthalene ring of the arylnaphthalide lignan”). a methylcnedioxy group (~3 605. 2H. s. 
attached to the upper aromatic ring-A). and two mcthoxyl groups (ri 3.7X and 3.89. 3H 
each. s, attached to the lovvcr aromatic ring. A6 being CO.?).” and five’ aromatic protons: 
(b 7.42. IH, s. 5-H; 6.80. IH. s. X-H: 6.90, 3H. ABX rrr. three C-ring protons). Addition of 
D,O did not cause any new shifts, the phenolic proton (OH) is presumably buried beneath 
the water impurity signal. The MS of chinensinaphthol showed. aside from the molecular 
ion peak at /rr;r 3X0 (loo”,,). a fragmentation pattern reminiscent of chinensin.’ in which 
each oxygen carrying a carbon (associated with the methylenedioxy methoxy groups) is 
lost in turn. Controlled oxidation of chinensinaphthol vvith acetone-KMnO, gave 3.4- 
methylenediox~-6-(3’.4’-di~nctli~~xyben~oyl)ben~oic acid. The acid was prcviousl~ obtained 
from chinensin from similar cautious oxidation.’ 

On the above basis. chinensinaphthol is assigned structure (2) which is isnmeric with 
diphyllin (4). 

The lignan, C,,H, #O-, (M +. 394) exhibited a L’V spectrum closely similar to that of 
chinensinaphthol. The IR spectrum showed major bands at r,t;::“’ 1762 (aromatic ;+c- 
tone). 940. 923 (methylenedioxy), 79X cm- ’ (1.2.4-trisubstituted bemene ring). character- 
istic of l-aryl-7.3-naphthalidc lignans. The 60 MHz PMR spectrum in C’DC’I, showed four 
groups of signals ascribable to three methoxyl groups (d 4.10. 3H. s. C‘,--0Me. 4.0. 3H. 
s, 38X. 3H. .s), a lnctonc methylcne group (6 5.50, 2H. s. non-shielded by the aryl nucleus 
perpendicular IO the naphthalene ring). a methylenedioxy group (8 6.02. 2H, .q). and five 
aromatic protons (b 7.55. JH. 5. 5-H. 6.X4. IH. s. X-H. 6.HX. 3H. ABX ~1. three C-ring pro- 
tons). The downfield methoxyf signal (0 4,lO) is assigned to C, by the close similarity of 
the chemical shift to the corresponding OIIC ofjusticidin-A (ii 4,0X).” The At< value of the 
remaining two mcthosyl signals indicate that these are attached to the lou;cr aromatic ring 
( C-ring).s 

The chemical evidence for the presence of the lactone ring in this compound was pro- 

vided by the reduction with LiAlH,. The corresponding diol. C,zH2,0T. mp. 214- 215 . 
showed IR spectrum : I*;!$“” 3400. 103X cm - ’ (OH), and mass spectrum (M _. 39X). consis- 
tent with the transformation of the lactone ring to the diol. The mass S~~~~I-L~III of chinen- 
sinaphthol methyl ether showed a fragmentation pattern indicating ;I methylenetliosy tri- 
mcthoxy I -arv I-2.3-napl~tl~~~li~i~ lignan structure. The further chemistry of the lignan. in 



Two new aryl naphthalide lignans 1935 

particular, its oxidation with acetone-KMnO, to give 3,4-methylenedioxy-6-(3’,4’-dimeth- 
oxybenzoyl)-benzoic acid, albeit in small yield, is readily explicable in terms of the formu- 
lation (3). Methylation of (2) gave (3) identical with the natural compound. 
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(1) R=H; R,+R2=-CHz--; R,=R‘,=Ma 

(2) R=OH;R,+Rz=-CH*--; R,=R‘,=Me 

(3) R=OMe;R,+RZ=-CHZ--; R,=R4=Me 
(4) R=OH;R,=R.pMe: R3+Ra=-CH2- 

CiR4 
(6) A,=Rz=Me; Rs+R4= -CH,- 
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(6) R,+RZ=-CHZ-; R3=R.,=Me (7) 

The co-occurrence of the three arylnaphthalide lignans (l-3), together with helioxanthin 
(7), in the same plant is biogenetically significant. One possible way of formation of the 
cyclic lignans could be by oxidative cyclization of an appropriate diarylidene butyrolac- 
tone intermediate.’ Such a cyclization in the present case, involving a diarylidene butyro- 
lactone precursor corresponding to suchilactone (5), would lead to diphyllin and justicidin- 
B. These two cyclic lignans have so far remained undetected in P. chinensis plant extracts. 
Further, while the other acyclic lignan, chisulactone (6) was so far obtained as a minor 
lignan from this plant, the yield of suchilactone (5) varied (inversely proportional) with 
those of the arylnaphthalide lignans (2-3) (Table 1). l.‘,’ Since the yield of chisulactone, 
the diarylidene equivalent of which could act as the precursor of the cyclic lignans (l-3) 
remained unchanged irrespective of the yield of the latter, the role of (5 and 6) in the bio- 
genesis of (l-3) is not readily explicable. Additionally, suchilactone was recovered com- 
pletely unchanged after air was bubbled through its acetone solution in direct sunlight for 
2 hr. Thus, it would seem that suchilactone and chisulactone do not lie on the natural bio- 
synthetic pathway to the cyclic lignans but accumulate as shunt products. 

TABLE I. RELATIVE 7” YIELD AND ABUNDANCE OF LIGNANS IN Polygcrlu chinemis* 

Lignan 
structure 

August 197 1 

0.31% 

Lignan total “/‘, yield 
August 1972 

0.35% 
Relative abundance 

September 1973 

0.23% 

1 
2 
3 
4 
5 
6 
7 

Unidentified 
lignans 

1.5 
4 
0.5 

66 
4 

traces 

24 

25 
40 
18 

0.3 
2.x 

14 

0.5 
2.5 
0.4 

73 
3 

traces 

20 

* Mean of two experiments is recorded 

’ GHOSAL, S., KUMARSWAMY. C. and RAY, A. B. (I 973) Proc. 60th I~diar7 Sri. Co~?g.. III. 12 1. 
’ GHOSAL, S., KUMARSWAMY, C., CHAUHAN, R. B. P. S. and SRIVASTAVA. R. S. (1973) Ph~tochrn&r~~ 12, 2550. 
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General methods are as rcportcd 111 a rcccnt (papc~..’ The plant materials \\cre collected from Vuranasl. cvcry 
year durmg August September for 3 yl- (1971 1973). and their identity *as duly conlit-med. Vouchcl- specimens 
have been kept at the Department of Pharmaceutics. Banaras Hindu University. The usual procedure was fo- 
lowed for the isolation of the lignans. The rclativc “() vicld and albundancc of the individual lignans. occurring 
in P. chimvzsis plants, collected in the three bat&s. at-c recorded III Tahlc 1. 

Chir~r~l,si,~clpA~ho/ (2). The lignan crqstallired from McOH-diown as colourlcss ncedlcs. m.p. 285 2X6 ; [,r]h’ 
0 (c 0.24, McOH); UV: j. 3’8 2h’. 290 795 >h. 311. -325. 355 nil, (l0$ < 4.32. 4.58. 3.05. j.92. 3-94. 3.681: I”.,\ -- 1 IR: 
I~~~:~’ 3520. 1745. 1622. 1604, 1%:. 1540. l.520. 1504, 1345. 1736. 1135. II IX. 1040. 1015. 942. XOOcm ‘: MS: !w(’ ,.._ 
380(M+. IOO”;,). 365 (22). 351 (3). 350 (4). 337 (3). 335 (2), 323 (7). 305 (4~. 291 (2). 279 (2). 277 (21. 77X (3). 703 
(3). 190151. 149(8). 102(7):(Found: (‘. 66.18: H.4.43; OMc. 15.8. C,,H,,.O- rcquircs: C‘. 66.31: H. 4.21: 2 OMc. 
16..3). The acetate was obtained as necdlcs, m.p. 110 212 ; 111 c 421 (iI ;: IR : v~~C’ 1760. 17-1s. I140 cm ‘. The 
methyl ether (Me2S0,‘KLC0,), crystalli_wd from CHCI,s McOH as nccdlch. m.p. and n1.m.p. u tth chlncnslnaph- 
thol methyl cthcr. 257 25X : co-TI_C‘ allowed a sinplc fluorcaccnt spot ha\~np the ‘ramc I<) value: hupcrimposahte 
IR spectra. 

K,Z~JIO, o.uir/oiio,i of ~,irrr~[,rl.\rr~ci/~/~~/~~~/. To :I saturated boiling solution of cnlncnsina(~hthol (I.1 g) In McIC’O 
(500 ml). KMnO, (3 g) was added dul-ing I hr. The reaction was ~rctlured for I hr more and then the solvent was 
rcmovcd. The residue was suspended in HZO. acidified with dil. tiLSO+. and treated \I ith NaHSO,\ till all the 
MnOL dissolved. The dull yellow solid was collected (by filtration. It wab d&ted bvith aq. NaOH soln (Z”,,, . 
50 ml). The alkaline soln was acldlhed and the product was extracted with C‘HCI, (.3 50 ml-portions). ‘The residue 
from the CHCl, extract was dissolved in minimum quantity ofMcOH (w 5 ml) and chromatographcd over silica 
gel column (28 x t.4cm). C,,H,, and C’HCI, \+ere used ab the elucnts. The middle C‘HCI, cluatcs afforded i.4- 
mcth~lencdiox~-6-(3’.4’-dimct~~ox~hcn~oyl)-hen~oic acid (43 mg). m.p. 305 307 I IIC ~dcnt~l~ v.as confirmed lb! 
direct comparison (co-TLC. superimposable IR spectra) with refcrcncc material.’ 

Cili/icnsi,lilpltrhn/ UWI/IJ~/ r~t/w (3). The CHCI, cluatcs from the column chromatographic resolution of the 
phenolic-carbosylicacid fraction ga\c chinensinaphthol methyl cthzr as an amorphous solid. It crqstattizcd from 
C’HCI,-McOH as colourlcss nccdlcs. m.p. 257 258 : [Y]$’ 0 (c 0.34. CHCI,); L V: i,,;,, 235. 260. 295. 312. 324. 
345 nm (log c 4.24. 4.63. 3.78, 3.80. 3.74. 349); IR : v,,,,, ‘*lUW’ 1762. 161X, 15X8. 1536. 1430. 1410. 1360. 1345. 1250. 
1225. 1135, 1082. 1030. 940. 92.3. 79X cm- ‘; MS: wr 394 (121’. lO(~~,,). 379 (5). 365 (71. 364 (17). 351 (16). 336 
(3), 335 (4). 320 (241 305 (4), 17s (3), 197 (4). 165 (5): (Found: c‘, 66.68: H. 4.26. C,,H,s07 requires: C, 67.00; 
H. 4..56). Oxtdation of chinensinaphthol-methyl ether (0.38 g) with acetone (200 ml) KMnO, (0.98 g). according 
to the procedure described for chinerlsinaphthol, furnished 3,3-mcth~Icnediolc~(3’.4’-d~~~ct~~~~s~hcn/~~~l)-hc~~~~~ic 
acid (IX mg). LiAIH, reduction ful-nished the d~ol ;I$ an amorphous wild. It cr!stallued from Mc,(‘O 
as needles. m.p. 214~215 : m/c 39X (M ’ 1: II?: v,:::!” 3400. 161’. 159x. IO?8 cm ‘. (twlnd: (~‘. 65.92: t-i. 5.21. 
CLZH3LOT requires: C. 66.33: H. 5.52). 

.4trcrtqfed /~/wtolylic o.yidarior~ o/ vuchilrrc~tww (5). Suchilactonc (WI 2 g) wa\ dissolved in anhyd. acetone ( I(K) ml) 
through which air was bubbled for 2 hr in direct sunlight. The sotlent was removed and the rcsiduc co-chromato- 
graphed with suchilactone in 3 wl\ents. Only one tluorescent and I,-positive spot. having the same R, as such- 
lactonc. \\as dctcctcd. The rcsiduc crystallized from EtOH as colour&ss necdtcs. m-p ‘lnd mmp with such~lac- 
tow. I?@ 131 
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