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Abstract ~—— A new coumarino-lignoid cleomiscosin B has been isolated from
the seeds of Cleome viscosa and its structure has been elucidated as I based
on chemical and spectroscopic evidence which, in turn, has brought on the

revigion of the structure of cleomiscosin A as IV,

We recently made a phytochemical investigation on the seeds of Gleome viscosa Linné (syn. C.
icogandra Linné, Capparidaceae) used as a folklore medicine in India and reported the isolation of
a coumarino-lignoid, cleomiscosin A for which the structure I was advanced.l

A thorough search for chemical constituents from the seed extract has now led to the
isolation of a mnew congener which is named as cleomiscosin B. The present paper describes the
structure determination of cleomiscosin B and the concurrent structure revision of cleomiscosin A.

Cleomiscosin B, m.p. 274°, CZOHIBOS (M5 m/e 386.1014, M+), and cleomiscosin A showed striking
resemblance in spectral properties, indicating a close structural similarity between the two
molecules. Thus the 13C NMR spectrum of cleomiscosin B disclosed the presence of seven aliphatic

carbons (CH3—0 x 2, ~CH,-0 x 1, >CH-0 x 2, —-CH=CH- x 1}, twelve aromatic carbons (CH x 4, C x 2,

C-0 x 6) and one carbonyzl carbon like its congener, cleomiscosin A (Table I).

The oxygen functions were first examined. Cleomiscosin B was found to be phenolic in nature
{IR band at 3510 cm_l, positive phosphomolybdic acid test) and gave the non-phenolic monomethyl
ether (I1), m.p. 212-213°, €y HygHy (M8 m/e 400, M').  Since the ether (II) still exhibited an IR
band at 3530 cm-l (hydroxyl), cleomiscosin B was acetylated to furnish the diacetate (III), m.p.
174°, CapHy9014 (MS m/e 470, M+), which showed no IR band due to hydroxyl. Cleomiscosin B was
thus proved to bear one phenolic and one aleoholiec hydroxyl grouping.

Further, cleomiscosin B displayed a UV maximum at 328 nm with humps at 285 and 230 nm, showed
IR bands at 1720 and 1610 cm_l and disclosed two 1H NMR lH doublets at & 6,21 and 7.51 (i 10 Hz),
indicating that the same coumarin moiety is present in cleomiscosin B as in cleomiscosin A. Th;
1I-I NMR spectrum also indicated the presence of two methoxyl groups (& 3.71 and 3.83) in cleomiscosin
B. Thus six out of eight oxygen atoms were accounted for and the remaining two oxygens were to
be imvolved in cyclic ether formation in analogy with cleomiscosin A. The structure similaricy
between two cleomiscosins became further manifest from mass spectral amalysis because both the
substances showed peaks due to the identical fragment ions (m/e 208.0283 for ClOH805+ (A), nmie
180.0769 for €, H,,0." (B) and m/e 137 for CgH,0," (C) in cleomiscosin B). The fragment ion A

1071273 87973
indicated that clecmiscosin B contains a trioxygenated coumarin moiety and that one of these




Table I. Carbon=13 shieldings in cleomiscosin B and ralated substances (§)

cleomiscosin B cleomiscosin B cleomiscosin A cleomiscosin A
(1) diacetate (1II) diacetate
(C5DgN) (CDC1,) (CSDSN) {cpcly)

c-2 160.7 s 160.4 s 160.8 = 160.4 =
c-3 113.8 d 114.3 d 113.6 d 114.4 d
C=4 144.4 d 143.5 d 144.5 d 143.5 d
Cc-5 101.2 4 100.8 d 101,14 100.5 d
c-6 146.2 s 145.7 s 146.3 s 145.8 s
c-7 138.1 =& 136.3 s 138.4 s 136.9 s
c-8 133.2 & 132.1 s 133.0 s 131.7 a*
c-9 139.4 s 140.7 8 139,3 & 140.8 s
c-10 111.8 = 111.8 g 111.9 s 111.9 s
G-1° 127.5 s 133.5 s 127.5 s 133.5 sg*
C-2" 112.3 4 111.3 4 112.3 d 111.5 d
c-3' 150.1 s 151.6 s 150.0 s 151.7 s
C-4" 149.1 s 138.8 & 149.0 s 138.8 s
c-5' 116.5 d 123.2 d 116.6 d 123.3 4
Cc-6' 121.7 d 119.8 4 121.7 4 119.9 d
-7 77.1d 76.0 d 77.5 d* 76.7 d
c-B8' 80.2 d 75.6 d 79.9 d* 75.1 4
c-9' 6l.1 ¢ 62.4 t 60.7 t 62.4 t
OCH, 55.9 q 56.0 q 55.8 q 56.0 q
DCH3 56.1 q 56.4 q 56.2 q 56.3 q
CH300 20.6 g 20.6 g
CH300 20.6 g 20.6 q
CH3C0 168.6 s 168.5 s
CH3C0 170.2 s 170.2 s

. . . 1
*The assignments were reversed in the previous paper.
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oxygen functions is a methoxyl. This was further corroborated by the occurrence of a IH singlet

at § 6,53 for an insulated aromatie hydrogen which, however, showed a long range coupling with the
signal at § 7.57 for the C-4 hydrogen in the coumarin nucleus and an intramolecular nuclear
Overhauser effect (19%) with the methoxy hydrogens (8§ 3.92), The signal at § 6.53 must,
therefore, be due to the C-5 hydrogen and a methoxyl group must be at C-6 of the coumarin moiety.
Hence the two oxide linkages in cleomiscosin B are at C-7 and C-8 or in other words the substitution
pattern of the coumarin moiety in cleomiscosin A and B are identical. In conformity with this
observation, the 13(} NMR parameters for the coumarin carbons in cleomiscosin B and its diacatate
(I11) fitted with those in cleomiscosin A and its diacetate (Table I).

Again in the mass spectrum of cleowiscosin B, the fragment ioms B and C suggested that

Ly e spectrum of the diacetate

cleomiscosin B has a phenylpropane unit as cleomiscosin A. The
(II1) exhibited aromatic hydrogen signals at & 6.98 (1H doubletr, J 8 Hz), 7.00 (1H singlet)} and
7.05 {1H .doublet, J 8 Hz) which were comparable with those in cleomiscosin A diacetate,l a fact
which showed the presence of a 3,4-dioxygenated phenyl side chain in cleomiscesin B. The mass
spectral peak due to the iom C pointed to two oxygen functions to be allocated to a hydroxyl and a
methoxyl. Comparison of the predicted values, calculated by adding the acetylation parametersz

to the observed values for the phenyl carboms in cleomiscosin B, with the obaserved values in
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cleomiscosin B diacetate (IIT) showed that the calculated values were discrepant from the observed
values if cleomisceosin B had the 3-hydroxy-4-methoxy phenyl side chain but consistent with the
observed values except for the two carboms bearing oxygen functions if cleomiscosin B had the &4-

hydroxy-3-methoxy phenyl side chain (Table II). Discrepancy between calculated and observed

Table II, Carbon-13 shieldings of the phenyl side chain in cleomiscosin B and its acetate

c-1' =27 c-3' c-4' c-5" c-6"
in the case of 3-hydroxy-4-methoxy derivative
cleomiscosin B {obs) 127.5 116.5 149.1 150.1 112.3 121.7
the diacetate (calc) 125.5 126.4 142.8 160.4 110.3 129.6
the diacetate (obs) 123.5 119.8 138.8 151.6 111.,3 123.2
in the case of 4-hydroxy-3-methoxy derivative
cleomiscosin B (obs) 127.5 112.3 150.1 149.1 116.5 121,7
the diacetate (cale) 135.4 110.3 160.4 142.8 126.8 119.7
the diacetate {obs) 133.5 111.3 151.6 138.8 123.2 119.8
values of adjacent aromatic carbons carrying oxygen functioms is, however, known.2 The side

chain of cleomiscosin B was thus deduced to be 4-hydroxy-3-methoxyphenyl as in cleomiscosin A.

The apliphatic portion was next subjected to examinationm, In the 1H NMR spectra of the
derivatives {II and III), methine doublets (J 8 Hz) appeared at & 5.12 and 5.04 which were in
accord with those (§ 5.05 and 5.03) in the ethyl ether and the diacetate of cleomiscosin A. The
counterparts of the 1H doublets occurred at § 4.0 and 4.4 in the derivatives (II and IIT},
revealing that the second methine is juxtaposed with the first one. There were also two 1H
signals (6 3.53 and 4.0 in the ether (II)} and &§ 4.12 and 4.4 in the diacetate (III)) as the AB
part of ABC system. These signals were attributed to a methyleme which should be attached to the
second methine because no other position was left for this group. It was demonstrated that the
signals for the methylene underwent downfield shifts both in the 1H NMR (A§ 0.4—0.7 ppm) and 13C
NMR (A8 1.3 ppm) spectra on passing from the ether (II) to the diacetate (III), indicating that
the methylene is attached to a hydroxyl and consequently the remaining two methines bear ethereal
OXYZens. The phenylpropane meiety of cleomiscosin B was thus concluded to have the same
arrangement as cleomiscoisn A. This was further supported by the fact that the chemical ghifts
of the 3¢ WM signals of the phenylpropane carbons in cleomiscosin B and its diacetate (III) were
comparable with those in cleomiscosin A and its diacetate (Table 1),

Hence the difference between cleomiscosin A and B should be in the stereochemistry at C-7'
and C-8' and/or in the mode of attachment of the coumarin part with the phenylpropane part.

The possibility of cleomiscosin B being a stereoisomer of cleomiscosin A was rule ocut from
the measurement of the coupling constant between the 11-1 NMR signals for the (-7' and C-8' methine
hydrogens which was found to be 8 Hz in cleomiscosin B and its derivatives (II and III). This
value agrees with that in cleomiscosin A and indicated that the phenyl and the hydroxymethyl are
trang-oriented, Again, cleomiscosin B showed no optical activity and se it is racemic like
cleomiscosin A.  Obviously, therefore, cleomiscosin B is a position isomer of cleomiscosin A.

In the structure study of cleomiscosin A,l the mode of linkage of the coumarin moiety with

HC-IH spin couplings wusing

the phenylpropane residue waa settled by measvurements of the
cleomiscosin A diacetate. Thus irradiation at the C-7' hydrogen signal at § 5.03 converted the
carbon signal at § 133.5, formerly assigned to C-8, from a double doublet (J 8 and 3 Hz) into a
doublet (J 8 Hz) and irradiation at the C-8' hydrogen signal at § 4.4 sharpened the doublet (J 8
Hz) at § 136.9 attributed to C-7. Cleomiscosin A was thus concluded to have the structure I.

In the diacetate (III), when the C-7' hydrogen signal at § 5.04 was irradiated, the double




doublet (J 8 and 3 Hz) at § 133.5 changed to a doublet (J 8 He), and when the C-8' hydrogen signal
at & 4.4 was irradiated, the doublet (J 8 Hz) sharpened significantly. These results led to the
contrary conclusion that cleomiscosin A and B possess the same structure in spite of the fact that
they are different substnaces. This anomaly was considered to be due to the inappropriate
assignement of the double doublet (J 8 and 3 Hgz) at § 133.5 to C-8. The carbon whose 13C NMR
signal was equally altered on irradiation of the C-7' hydrogen signal in both the diacetates might
as well be C~1' provideﬁ thet the signal at § 133.5 is assigned to this carbon, This carbon may
couple with the C-5' hydrogen signal in additiom to the C-7' hydrogen signal and its splitting
pattern, a doublet of doublets, may thus be rationalized. Consequently, the 136 NMR signal at 6
133.5 was assigned to C-1' and not to G-8 and the signal originating from C-8 iwas to occur at §
131,7 in cleomiscosin A diacetate and at & 132.1 in cleomiscosin B diacetate (III}. The reason
for the improper assignment which was made earlier is due to the assumption that the C-8 signal
should not be significantly displaced on passing from cleomiscosin A to its diacetate.

Based on the above assignments, the mode of fusion of the coumarin part and the phenylpropane
part in cleomiscosin A and B was reexamined. In cleomiscosin A diacetate, when the C~7' and C-8'
hydrogen signals (8 5.03 and 4.4, respectively) were irradiated, the carbon signals for C-7 (&
136.9) and C-8 (6§ 131.7), respectively, showed significant sharpening. It was thus demonstrated
that the structure of cleomiscosin A should be revised to IV. In cleomiscoain B diacetate (III),
irradition at the C~7' and C-8' hydrogen signals {8 5.04 and 4.4, reapectively} induced sharpening
of the C-8 and C-7 carbon signals (6§ 132.1 and 136.3), respectively, cleomiscosin B was thus
proved to have structure I.

it is of interest to note

CH-0.

that the process of the
coupling of the coumarin part
with the phenylpropane unit is
not gelective in the
biosynthesis of cleomiscosin A
and B as judged from the fact HO

that these position isomers,

cleomiscosin A and B, co-occur

in the same plant and that
both are racemic.

After the publication of the paper concerning the structure of cleomiscesin A,l it became to
our knowledge that a similar substance was isolated from the mineral-stained wood of Acer
saccharum Marsh. {Aceraceae) and its structure was alleged to be I based on some chemical evidence
and biogenetic speculation.3 After the isolation of the two position isomers, cleomiscosin A
and B, the biogenetic speculation does not seem to be convincing to determine the mode of fusion
of the coumarin moiety with the phenylpropane unit, It is not certain whether the substance from
A. saccharum is to be identical with cleomiscosin A or B,

Recently, we obtained a sample of the methyl ether of cleosandrin isolated from the same

plant soutce (the seeds of C. icoaandra),4 which was identified as cleomiscosin A methyl ether.
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