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Abstract - Cleomiscosln A, isolated from the seeds of Cleome v~scosa, has been shown to be a 

coumaruo-llgnold and Its structure has been advanced as I on the basis of chemical and physlcal 
evidence. 

c1eome iizscosa z1nni (syn. c. lcosandra Llnng) (Capparldaceae) 1s a common weed found 

throuqhnut the troplcal regions of the world. In India, Its seeds are utlllzed as a remedy for 

lnfantlle convulsions, as an anthelmlntlc and as a counterirritant in chronic pauful ]olnts. 

Systematic fractlonatlon and chromatographlc resolution of the defatted seeds of C. ~l.sco.sa 

furnished a pale yellow Lrystalllne substance which hdb been named as cleomlscosln A. 

Clcomls~os1n A (C-A), m.p. 247-i49", has shown to have the composltlon c (MS m/e 

386.0992, M+). In agreement with this, the 
i3 

20H1808 

C NMR spectrum lndlcated the presence of twenty 

carbons whuh were further classlfled as follows: scvc'n aliphatlr. carbons (CH3-Ox,?, -CH2-0x1, 

WH-0x2, -CH=CH- X I), twelve aromatic carbons (CHx4, CX2, C-OX 6) and one carbonyl carbon. 

Since C-A has a number of aromatlc carbons of the C-O type, exhlblted a strong IR band' at 3500 

-1 
cm and gave a posltlve phosphomolybdlc ncld test for phenols, It was treated with dlethyl sul- 

fate In the presence of potassium carbonate to yield the monoethyl ether (II), m.p. 208-210", 

C22H2208 (C, 63.48; H, 5.11%, MS m/e 414, M+) which did not respond to tests for phenols. The 

ether (II) still dlsclosrd a hydroxyl band at 3450 cm 
-1 

ln the IR spectrum and, therefore, It was 

acetylated with acetic anhydrlde u-i trlethylamlne to qlve the monoethyl ether monoacetate (III), 

m.p. 162-164O, C H o 24 24 9 (C, 63.10, H, 5.85%, MS m/e 456, M+). C-A also gave on acetylatlon with 

acetIc anhydrIde XI trlethylamlne the dlacetate (IV), m.p. 174-177", C34H22010 (MS m/e 470, M+). 

The IR spectra of the derlvatlves (111 and IV) dIsplayed no more hydroxyl band, lndlcatlng that 

C-A contains one phenollc and one alcoholic. hydroxyl group. 

The presence of a coumarin malety was revealed from the UV (maximum at 325 nm with humps at 

288 and 232 nm In EtOH), IR (bands at 1720 and 1620 cm 
-1 ) and 'H NMR (two 1H doublets at 6 6.30 

and 7.62 (3 10 HL) for H-3 and H-4) spectra of the ether (II). The existence of a coumarln mol- 

ety, two methoxyls, a phenollc and an alcoholic hydroxyl thus accounted for s=x of the eight oxy- 

gen atoms present in the molecule and the remalnlng two oxyqens were thus consldered to constl- 

tute oxide linkages. Addltlonal evidence in support of the presence of the caumarln moiety was 

secured from the mass spectra of C-A and Its derlvatlve (III) which showed a common fragment peak 

at m/e 208 due to the cation Cl,,H805' (A) - These data further showed that the coumarln nucleus 

bears one methoxyl and two 0-substituted groups ln the aromatic ring. 1n conformity with this, 
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--I+ the 'H NMR spectrum of the dracetate (IV) displayed a 1H singlet at 6 

6.54 attributable to an isolated hydrogen. The frndrnq of NOE'S betwe- 

L*"HvOAO 
en the H-4 signal at 4 7.58 and the above singlet at d 6.54 (21%) and 

between the same singlet at 6 6.54 and the methoxyl hydrogen srgnal at 

A 
6 3.88 (31%) egtablrshed the location of the hydrogen 1n question at 

C-5, the methoxyl at C-6 and consequently the remainrng oxrde lrnkaqes at C-7 and c-8. This was 

further verified by comparrson of the observed chemical shifts of the 13 C NMR slqnals for C-2-- 

C-IO rn C-A and Its derlvatlves (II and IV) with the predicted shifts of C-2-C-10 in a 6,7,8-tri- 

0-alkylated coumar~n described below. Assignments of the observed shifts were first confirmed 

by the presence of the 
13 1 

C- H sprn couplrngs between the C-7 signal and the H-5 signal, between 

the C-9 slgnal and the H-5 signal and between the C-6 signal and the methoxyl hydrogen srgnal. 

The predIcted shifts of a 6,7,8_trihydroxycoumarln were calculated from the shleldrngs of 6,7-dr- 

hydroxycoumarrn and the addrtrve substltuent ?arametcrs for the addrtlonal hydroxyl at C-8. 

Srnce In coumarins, conversion of hydroxyls into 0-alkyls 1s known to cause no srgnlficant 

changes in the chemical shrfts, 
2 

the predicted shifts thus deduced were compared with the observ- 

ed shifts, showing that both the sets of values were colncrdent (Table I). 

As was revealed by the prevrous "C NMR data, there was another phenyl group rn the mole- 

cule. In the 
1 
H NMR spectra of the derlvatrves (III and TV), srgnals origrnatlnq from three 

hydrogens In the phenyl group in questlon were visible, lndlcatlng that the phenyl was disubstl- 

tuted. Although the three hydrogen5 appeared as a srnglet at the same posltlon 6 6.90 in the 

spectrum of the ether acetate (III), they occurred separately at fi 6.99 (doublet, J 8 Hz), 7.07 

(doublet, J 8 HZ) and 7.02 (singlet) 1n an ABC pattern in that of the dzacetate (IV). Thrs fact 

pointed to the three possibrlitles, 2,4-, 2,5- and 3,4-dloxygenated features, for the substrtu- 

tion pattern of the phenyl group. That one of the two oxygen substrtuents was a methoxyl and 

the other a hydroxyl was conflrmed by the finding that the fragment peak at m/e 137 due to the 

cation B (R=H) rn the mass spectrum of C-A shlfted to m/e 165 (B, R=C2H5) In that 

of the ether (II). It was reported that the three 
1 
H NMR signals appeared at 6 

+ 
6.3 (2H) and 6.9 (1H) rn 2,4-drhydroxy-1-propylbenzene, at 6 6.50 (3H) in 2,5-di- 

hydroxy-l-methylbenzene (DMSO-d6fCDC13) and at 6 6.65 (3H) In 3,4-dlhydroxy-l- Q 
Kl 

B 

methylbenzene. 
3 

Thus the observed resonances for the three hydroqens at 6 6.90 
m3 

in the ether acetate (III) suggested the 3,4-dioxygenated pattern for the phenyl group. In the 

further examrnation of the substitution pattern of the phenyl group, the observed chemrcal shifts 

of the srx l3 C NMR srgnals for C-l'-C-6' rn the phenyl group were found to be cnnslstent with the 

calculated shifts of C-1-C-6 rn 2,5- and 3,4-dioxygenated-1-methylbenzenes but not with those of 

2,4-dioxygenated-1-methylbenzenes (Table I and II). The predicated resonances for C-l'%-6 In 

the dracetate (IV) were then calculated by adding the acetylatlon effects on the carbon reso- 

nances in C-A. 
4 

Comparison of the predicted resonances with the observed ones for C-l'-C-6' ln 

the acetate (IV) lndlcated a fax ldentlty for the two sets of data If C-A were a 4-hydroxy-A-me- 

thoxy derlvatlve and not If It were a 3-hydroxy-4-methoxy, 2-hydroxy-5-methoxy or 5-hydroxy-2-me- 

thoxy derivative (Table III). A drscrepancy still existed for the resonances of the two carbons 

bearing oxygen fun&Ions and this may be attributed to the vlcrnal positlon of the two carbons rn 

question. The 4-hydroxy-3-methoxy arrangement was further verlfled by the followlnq fact: 1) an 

NOB was found between the singlet for the methoxyl hydroqens at d 3.84 and the singlet for the 



Table I. Carbon-13 shleldlnqs XI cleom~scos~ A and related substances (6) 

~leOmlsco~ln A ether (II) diacetate (IV) 6,7,&OH ephedradinc B 

(C5~5~) (c~D~N)* (cDcl_i)** coumarul 2 (c~D~N) 4 

c-2 
c-3 

c-4 
c-5 
C-6 
c-7 
C-8 
c-9 
c-10 
C-l' 
C-2' 

C-3' 
C-4' 
C-5' 

C-6' 

C-7' 
c-8' 
C-9' 

OCH3 
OCH3 

160.8 s 

113.G d 
144.5 d 
101.1 d 

146.3 s 
138 4 s 
133.0 s 

139.3 s 
111 Y s 

127 5 s 
112.3 d 

150.0 s 
149.0 s 
116.6 d 

121.7 d 
79 9 d 
77.5 d 
60.7 t 
55.8 q 

56.2 q 

160.7 s 

113.3 d 
144.5 d 
101.0 d 
146.3 s 

138.2 s 
J3L.O 6 

139.2 s 
112.2 s 

129.1 s 
111.6 d 
150.1 5 

149.6 s 
113 8 d 

121.0 d 
79.7 d 
77.3 d 
60.6 t 

55.7 9 
56.1 q 

160.4 s 
114.4 d 

143.5 d 
100.5 d 
145.8 s 

130.9 s 
133.5 s 

140.8 s 
111.9 s 
131.7 s 

111.5 d 
151.7 s 
138.8 s 
123.3 d 
119.9 d 

76.7 d 
J5 1 d 
62.4 t 
56.0 q 
56.3 q 

161.4 
112.0 

144.5 
103.5 
143.5 
137.5 
132.0 
139.1 
112.0 

130.8 s 
111.1 d 

147.9 s 
145.9 s 
115.7 d 

120.5 d 

*64.4 t, 14 9 q for OCH2CH3 **168.5 s, 170.2 b, 20.6 4, 20.6 CJ for two COCH3's 

Table II. Carbon-13 shleldinqs in the hydroxy-methoxy-methylbenzenes (6) 

C-l c-2 c-3 c-4 c-5 c-6 

2-hydroxy-4-methoxy-1-methylbenzene (11 117 0 157 1 101.3 158.4 106.7 131.6 
4-hydroxy-2-methoxy-1-methylbenzene (2) 11s 7 162 0 101.3 153.5 108.0 131.6 
2-hydroxy-5-methoxy-1-methylbenzene (3) 125 7 148 4 116.7 112.6 152.5 116.2 
5-hydroxy-2-methoxy-1-methylbenzene (4) 124 4 153 3 115.4 113.9 147.9 117.5 
3-hydroxy-4-methoxy-1-methylbenzene (5) 131 1 117 5 140.9 144.3 115.4 122.9 
4-hydroxy-3-methoxy-1-methylbenzene (6) 131 1 116 2 147 1 138.1 116.7 122.9 

Table III. Carbon-13 shleldlngs of the phenyl side chain in cleomlscosln A and Its acetate 
_ 

C-l I C-2' C-3' C-4' C-5' C-G ’ 
_ 

In the case of 2-hydroxy-5-methoxy derlvatlve 
cleomlscosin A cobs) 127.5 149.0 116.6 112.3 150.0 121.7 
the dlacetate (talc) 137.8 142.7 126.9 110.3 157.9 119.7 
the dlacctate cobs) 131.7 136.9 123.7 111.5 151.7 119.9 

in the case of 5-hydroxy-2-methoxy derivative 
cleomlscosln A cobs) 127.5 150,o 116.6 112.3 149.0 121.7 

the dlacetate (talc) 125.5 157.9 114.6 122.6 142.7 132.0 
the diacctate cobs) 131.7 151.7 111.5 119.9 136.9 123.3 

III the case of 3-hydroxy-4-methoxy derlvatlve 
cleomiscosln A cobs) 127.5 116.6 149.0 150.0 112.3 121.7 

the dlacetate (talc) 125.5 126.9 142.7 160.3 110.3 129.6 
the dlacetate cobs) 131.7 119.9 136.9 151.7 111.5 123.3 

in the case of 4-hydroxy-3-methoxy derlvatlve 
cleomiscosln A lobs) 127.5 112.3 150.0 149.0 116.6 121,7 
the ducetate (talc) 135.4 110.3 160.3 142.7 126.9 119.7 
the diacetate cobs) 131.7 111.5 151.7 136.9 123.3 119.9 



irisulated hydrogen at 6 7.02, 2) the observed zhemrcal shifts for C-l'-Z-6' in C-A frtted wrth 

those for the correspondlnq carbons XI 4-hydroxy-3-methoxypnenyl derrvatlves, e.g., ephedradlne 

B4 (Table I) and 3) the shifts for r-3' and C-4' rn the dracetate (IV) were in good agreement 

with those for the cnrrespnndlng carbons ln cphedradlne B trlacetate (5 151.0 and 139.84). 

InspectIon of the 
1 
H NMR spectrum of the ether (II) with the ald of double resonance expert- 

ments showed the presence of the part structure C. The H-9' signal exhxbrted a downfield shaft 

0 0 0 
by 0.2 ppm when the ether (II) was aLetylated, lndxatlng that the C-9' 

1 18' 17' 
cI?2--c%-cH~ 

methylene bears a klydroxyl and consequently the C-7' and c-8' methlnes 

carry oxxde llnkagas. Hence, the above 4-hydroxy-3-methoxyphenyl system 
C W=quaternary c 

1s to be attached to the c-7' methane of the part structure C to build up 

the C6-C3 unit. Such an arrangement 1s consistent with the farrly deshlelded line posrtron of 

the H-7' slgnal 16 5.05, 5.01 and 5.03 for the derlvatlves (II, III and IV)). The qenesls of 

the fragment ion (D) (m/e 180.0794 rn C-A (R1-R2-;i), ~/e 208.1075 In the ether (II) (RI=H, R*= 

1' 

C2H5) and m/e 250 in the ether acetate (111) (Rl=CWH3, R2=C2H5)) by 
retro Duels-Alder type frssron confrrmed this assumption. C-A was thus 

reDresented by formula I, though an alternative structure by Interchange 

of iubstltuents at C-7' and C-8' IS equally probable. However, the cor- 

m3 
rectness of the structure I was ascertained 

D by the observatron of the 
13 1 

C- Ii spin cou- 

pllngs between the C-7 signal at 3 136.9 and 

the ~-8' sIgna at 6 ca. 4.1 and between the c-8 slgnal at 5 133.5 0 

and the H-7' slgnal at 6 5.03 rn the dlacetate (IV). 

The coupllny constant between the H-7' and H-H' srqnals In the 

derrvatlves (II, III and IV) was 8 Hz, demonstratrnq that the two 

hydrogens are trans-orlented. The relative stereostructure I was 

thus dedured for C-A. However, III view of the optIca rnactrvity 

of the derrvatlves (II and III), C-A was concluded to be racemlc. 
OH I 

C-A possesses a novel skeleton In whxch a C6-C 
3 

unit 1s lrnked 

with a coumar'ln nucleus through a dloxane bridge. It 1s the frrst member of a new class of com- 

pounds which may be termed as coumar1no-llgnans. 
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Addendum A. G. R. Nalr (Ind. J. Chem., 17B, 438 (1979)) has quite recently reported the lsola- 

tlon of cleosandrln from the seeds of C. lcosandra and its structure has been proposed as 7-O- 
[2-hydroxy-3,5-dimethoxy-4-(l'-cls-epoxy-3 '-hydroxypropyl)phenyl]coumarln. From the reported 

physlcal constants, cleosacdrin appears to be ldentrcal wrth our cleomiscosln A but the Narr's 

structure is untenable with the data we have obtalned. 
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