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Abstract - Agrostophyllol and isoagrostophyllol, two novel diastereomeric 9,10-
dihydrophenanthropyran derivatives isolated from the orchid Agrostophyllum callosum, were shown
to have the structures 2,7-dihydroxy-6-methoxy-9,10-dihydro-5SH-phenanthro[4,5-bcd]pyran-5(ax)ol
(1) and 2,7-dihydroxy-6-methoxy-9,10-dihydro-5H-phenanthro[4,5-bed]pyran-5(equat)ol  (1n),

respectively, from spectral and chemical evidence. 11 and 1n were shown to be the racemic mixtures
of 1" and 11, and In and In*, respectively. © 1999 Elsevier Science Ltd. All rights reserved.

We reported earlier'-'? the isolation of a fairly large number of compounds of diverse structural types

from a series of Indian Orchidaceae plants. These compounds encompass a wide variety of stilbenoids, viz.
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and their 9,10-dihydro derivatives,® fluorenones,” besides several triterpenoids® and steroids® of biogenetic
importance, a few flavonoids' and lignans'' and a number of simple aromatic compounds.? As part of this

general programme of research, we chemically investigated the orchid Agrostophviium callosum which earlier
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agrostonin'* (3a), agrostonidin'* (3b) and callosuminin'® (4), besides 4-hydroxy-3,5-dimethoxybenzoic acid
and the known stilbenoids imbricatin®-* (1d), flaccidin® 3 (1f), oxoflaccidin® 3 (1h), isooxoflaccidin’ ' (1i),

phyllin®~s (5a), flaccidinin®' (5h), orchinol'>"»1® (2¢) and 6-methoxycoelonin®*'* (2d). Further
chemical investigation of this orchid has now resuiied in the isolation of yet two more new siiibenoids,
designated agrostophyllol and isoagrostophyllol, which were shown to have the structures 11 and 1n,
respectively, from the following spectral and chemical evidence.

Both agrostophyllol (11) and isoagrostophyllol (1n) were shown to have the same molecular formula
C,H,,0, from elemental analysis and their mass spectrometricaily derived molecular weight of 286. Both the
compounds showed typical benzenoid UV absorptions [11: A__E0% 223, 282 and 309 nm (log € 3.88, 3.70 and

3.59); In : A, BO" 220, 282 and 303 nm (log £ 4.39, 4.19 and 4.06)] resembling those of the 9,10-

ax

dihydrophenanthropyrans.® The phenolic nature of the compounds was indicated by their characteristic colour
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- intense hly el, alkali-induced bathochromic shifts of
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The 'H NMR spectra of both 11 and 1n showed striking resemblance to those of imbricatin (1d) and
flaccidin (1f) [Table 1], except that the signals for the oxymethylene protons of 1d and 1f [1d : & 5.06; 1f :
8 5.01] were replaced by one-proton signals at 6 6.57 and 6.92 in the spectra of 11 and 1n, respectively, which
could be attributed to a benzylic lactol methine proton. This would suggest that while the two phenolic
hydroxyl groups and the methoxy! functions in both 11 and 1n were distributed between C-2, C-3 and C-7* as
in 1d and 1f, the oxymethylene bridge of the latter compounds were replaced by a lactol moiety in both 11 and
1n. The exact positions of the two phenolic hydroxyl groups at C-2 and C-7, and the methoxyl function at C-3
in both 1l and 1n, as in imbricatin (1d) rather than those in flaccidin (1f) having the two hydroxyls at C-3 and

C-7 and the methoxyl at C-2, were ascertained by the fact that all the three aromatic protons of both 11 and 1n

like those of 1d showed the expected downfield shifts in the spectra of their respective diacetates 1m and 1o.
The relative positions of the methoxyl and phenolic hydroxyl functions in 11 and 1n were also corroborated by

the striking similarities of the chemical shifts and the splitting pa

=}
—+
[=]
o
=]
=
;.—
3
(="
b-l

with those of callosumidin diacetate (1¢). The generation of a chiral centre at the lactol methine carbon of 11,

1m, 1n and 1o, and the corresponding ethoxy-bearing carbon of 1¢ was clearly evident by the fact that while

52.86; 1g : 3 2.86], the corresponding four benzylic protons of 11, 1m, In, 10 and 1¢ appeared as multiplets
Im:32.87;1n:32.84; 1o :52.77; 1¢ : 5 2.81] due to nonequivalency of their protons at C-10.
gross structure 1j which differs from imbricatin (1d) essentially by the replacement of one of the

oxymethylene protons of 1d by a hydroxyl group. It is interesting to note that the difference between the 'H

essentially in the chemical shifts of their aromatic methoxyl protons which appeared at the normal region in

the spectra of 11 and 1m similar to those of 1d, leand 1¢ [11: 5 3.85; 1m : 6 3.84; 1d : 8 3.70; 1e : 6 3.77; 1c :

of the carbon atoms was determined by DEPT experiments and the carbon chemical shifts were assigned by

comparison with the 6, values of structurally similar compounds like 1e, 1g and I¢. Thus, the 6, values of all

*Although 1], 1In and their derivatives were designated by systematlc nomenclature, the phenanthrene
numbering system is followed in this paper for convenience of 'H and *C NMR spectral comparison.



Tabie 1. 'H NMR speciral data of 11, 1m, 1n, lo, i¢, 1d, le, ifand ig
Chemical shifts : 3 ppm (Multiplicity; J in Hz
Protons i im in"’ io’ ic id~ ie’ ir ig
H-1 6.79(s) 6.91(s) 6.73(s) 6.9I1(s) 6.89(s) 6.62(s) 6.84(s) 6.69%(s) 6.66(s)
H-6 6.33(d) 6.59 6.45(d) 6.60 6.58 6.15(d) 6.56  6.25(d) 6.46
J=3 (ill-res. J=3 (ill-res. (ill-res. J=2.5 (brs) J=22 (brs)
m-coupled d) m-coupled d) m-coupled d)
IR A 1T7(A A R & AS{AN A R8 A A1 r's ’)(IA\‘ £ SL £ YA £ AL
1170 J.J r\u, V.U \J-\l-’\\.l’ vV.OJ .1 \J-‘J\ul v.JuU U-J."\u’ v.tu
=3 (ill-res. =3 (ill-res. (ill-res. J=2.5 (brs) J=2.2 (brs)
m-coupled d) m-coupled d) m-coupled d)
H-9&H-10 2.84(m) 2.87(m) 2.84(m) 2.77(m) 2.8i(m) 2.70(s) 2.87(s) 2.86(s) 2.86(s)
Ar-OMe 3.85(s) 3.84(s) 3.14(s) 3.01(s) 3.79 (s) 3.70(s) 3.77(s) 3.83(s) 3.80(s)
Ar-OH S 637& - 8.50 & - - 8.20 - 761 & -
6.44 8.00 (2H,br.s) 8.46
(each (each (each
1H,br.s) 1H,br.s) 1H,s)
R |
Ar-OCH-Ar  6.57(s) 6.58(s) 6.92(s) 6.83(s) 6.26(s) 5.06(s) 5.22(s) 5.01(s) 5.01(s)
[R=0OH] [R=0OH] [R=OH] [R=0H] [R=0Et] [R=H] [R=H] [R=H] [R=H]
Ar-OCOMe - 228& - 220 & 227& - 227& - 225&
232 2.27 234 2.33 2.31
(each (each (each (each (each
3H,s) 3H,s) 3H,s) 3H,s) 3H,s)
OCHMe - - - - 3.83 (2H,m) - - - -

1.15 (3H,m)

* Spectra WEre run in CDCI ~* Spectra were run in d,-acetone; " Spectrum was run in ds-DMSO.

but the lactol methine carbon, C-5 and C-6 of Im and lo were virtually identical with those of

This was aiso supported by the virtually identical 6. values of the carbon atoms constituting the 9,10-

dihydrophenanthrene parts of 1m, 1o and 1¢ and also by the fact that while the §_ values of C-7, C-8, C-8a,

C-9, C-10 of 1m and 1o were almost the same as those of the corresponding carbon atoms of 1g, there were
substantial differences in the 8_ values of C-10a, C-4, C-4a, C-3, C-2 and C-1 of 1m and 1o from those of the

corresponding carbon atoms of 1g due to the interchange of the acetoxy and methoxy groups between

C-2 and C-3. That one of the hydrogen atoms of the oxymethylene carbon of le resonating at 6. 63.1
was rep_laced by a hydroxyl group in both 1m and 1o was indicated by the appearance of the methine carbon
signals at 5.88.7 and 87.7 in the spectra of Im and lo, respectively, which corresponded to their respective
lactol methine carbons. The upfield shifts of C-5 of 1m and 1o by 1.7-1.9 ppm and the downfield shifts of

their C-6 by 1.3-1.4 ppm compared to the corresponding carbon atoms of le were also in agreement
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~

8. (ppm)*
C Im To Ie Te 1g
i 123.4 i23.4 i23.1 121.5 111.1
2 143.3 142.7 142.7 142.2 150.2
3 145.7 146.6 1461 145.2 137.5
4 121.9 121.4 [21.9 122.2 1223
4a 124.2 123.9 123.9 124.5 1193
4b 115.5 115.5 1149 116.3 116.8
5 151.2 151.0 151.1 152.9 152.5
6 109.2 109.1 108.8 107.8 108.2
7 1499 149.4 150.3 150.6 150.6
3 114.6 114.9 114.4 114.1 114.3
8a 135.7 135.6 135.7 135.6 135.1
9 26.8: 26.6 26.9¢ 26.4¢ 27.5¢
10 27.42 27.3b 27.4¢ 27.1¢ 27.6¢
10a 129.5 129.2 129.4 1289 - 131.6
Ar-OCHR-Ar  88.7 87.7 939 63.1 62.4
[R=OH (ax)]  [R=OH (equat)] [R=OEt(ax)] (R=H) (R=H)
Ar-OCH, 61.6 61.3 61.7 61.0 56.1
Ar-OCOCH, 169.6 169.1 168.9 168.9 169.4
168.7 168.7 168.9 168.7 168.6
20.9 21.0 20.9 20.6 21.1
20.6 20.6 20.6 20.3 20.3
-OCH,CH, - - 64.0,15.0 - -

*Spectra were run in CDCI, and the chemical shifts were measured with 8., = 8 ., + 76.9 ppm.
»<Values are interchangeable within the same column.

and In. T
the corresponding lactol methine carbons of 1m and lo. Agrostophyllol diacetate and isoagrostophyllol
diacetate were thus represented by the same gross structure 1k which, in turn, further affirmed the gross
structure ij for the parent compounds. The siructures ij and 1k were also supporied by the appearance of the
intense peaks at m/z 269 and 353 corresponding to the highly stabilized ion-fragments a and b in the mass
spectra of the compounds and their diacetyl derivatives, respectively, formed by the expulsion of OH from
the benzylic lactol methine carbon of the respective molecular ions.

The gross structure 1j for both the compounds was finally confirmed by their reduction with NaBH,



K0

9 10

: R I=R5=Me, R2=OMe, R 3=R4=H

: R 1=R3=R3=H, R2=0Me, R 4=0Ft(ax)

¢: RI=R3=Ac, RI=H, R 2=0OMe, R4=OHi{ax)
- R1=R3=R4=R5=H R2=0Me

13, In

: RI=R5=Ac, R2=0Me, R3=R4=H

: R1=Me, R2=0H, R 3=R4=R5=H

: R 1=Me, R2=0Ac, R3=R4=H, R 5=A¢
: R i=Me, RZ=OH, R 5=H, R 3.R4=0

a:. nl_nsS 11 02 e nlnd

11 KA=RI=H, K<=UMe, KV KT=U

11: RI=R3=R5=H, R 2=0Me¢, R4=0H (ax)

'R I=R5=Ac, R2=0Me, R 3=H, R4=0H (ax)

: R1=R4=R5=H, R2=OMe, R 3=OH (equat.)

0: RI=R5=Ac, RZ=OMe, R4=H, R 3=OH (equat.)
- R1=R3=R5=H. R2=0OMe. R4=CHYCOCH 1 (ax)

g: RI=R3=R3=H R2=0Me, R4=CH2COCH 3 (ax)

v: R1=R3=R5=H, R2=0Me, R4=0Me (ax)

O*

OMe

-
S8

702 6695

: R1=R2=H, R3=0H, R 4=Me
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in MeOH to imbricatin (1d) identified by direct comparison with an authentic sample.®

Construction of Dreiding models for 1j shows that it may exist as four stereoisomers 11', 11", In' and
in" comprising a pair of diastercomers, each of which being a racemic mixture as evident from the fact that
both agrostophyllol and isoagrostophyllol were found to be optically inactive. Agrostophyllol and
isoagrostophyllol may, therefore, be represented by the alternative dl-pairs 1I' and 11", and 1n' and 1n" and
their respective diacetates by the dl-pairs Im*' and Im", and 1o’ and lo". A decision between the two
alternative possibilities for each diastereomer was made by the chemical shifts of the aromatic methoxyl

protons of the compounds and their respective diacetyl derivatives. In 11' and 11" and the corresponding



diacetates 1o' and 10"), the aromatic methoxyl group at C-3 being flanked by the much closer lactol OH and

the hydroxyl group at C-2 (acetoxy group at C-2 in 1o' and 1o") are thus forced out-of-plane of the aromatic
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would be expected to resonate at an upfield position. Now, the appearance of the aromatic methoxy! protons in
the 'H NMR spectra of agrostophyllol (11) and its diacetate 1m at the normal positions [11 : 8 3.85; 1m :
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the upfield resonances of the corresponding aromatic methoxyl protons of isoagrostophyllol (In) and its
lo'

nd 1o",

all 5

diacetate 1o [1n : § 3.14; 1o : & 3.01] implies that they must be the dl-pairs of In' and In", and

.

respectively. Looking at the conformational structures 11’

, 11", in' and in* of the four possibie stereoisomers
constructed from the gross structure 1j, it is apparent that 11' and 11" are the flipped forms of 1n' and In',

respectively. The same relation exists between Im' with 1e" and 1m" with 1e'. But while the conformers 14’

sa

and id" of imbricatin (1d) having no lactol OH are readily interconvertible al room temperature, no
equilibration between agrostophyllol (11) and isoagrostophyllo] (In) was observed on separately heating the

ompounds in boiling EtOAc for 8 h and even on heating the solution of 1n in EtOAc or
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CHCI3-Me,CO (1:1)in a teflon screw-capped giass tube at 130-35°C in an oil bath for 4 h. But when the
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above solutions of 1n in the aforesaid sealed-tubes were separately heated to 140-45°C for 1 h, the resultant

inne chawed the nrecence nlv In and 1lin t 1N 0
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11 started slowly only at 140-45°C. The ratio of In and 11 became ca 7:3, when the above solutions were
iod

separately heated at the same temperature for a further pe

In the above and subsequent thermal studies, the conversion of In to 11 was monitored by TLC [The two
isomers have distinctly different Ry values in petrol-EtOAc (3:2) solvent system.] and the ratios of 1m and 1l in
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identifiable methoxyl proton signals of the two isomers in the '"H NMR spectra of the residues obtained

end of each time interval. When the sealed-tubes containing the above equilibrium mixture of 1n and 11 in
EtOAc and CHCl3-Me,CO were separately heated to 150-55°C for 2 h, TLC of the resuliant solutions showed,
in the first case (EtOAc), the presence of a highly polar compound [which did not move from the base line

even with EtOAc as the solvent system as indicated by the iodine-stained spot in the chromatogram] in

addition to 11 and 1n in the ratio of ca 6:1:3, while that in the second case (CHCl3-Me,CO) indicated the
presence of a nonpolar compound, 1l and In almost in the same ratio. When the above solutions were

eated for a further period of 2 h at 165-70°C, the resultant solution in EtQOAc¢ was found to
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showed the total absence of the polar compound in each case and the resultant products found to contain only
11 and 1n in the ratio ca 7:3 and 19:1, respectively, as evident from their TLC and 'H NMR spectra. The 'H

have reci
iw

o
iiv QAUV YW

JN enentra
NIV Spvvuda

1n, some additional signals, one of which appeared at & 8.02 (s). The signal at 3 8.02 may be attributed

to a proton of the oxonium moiety Ar-O'=CH-Ar of a dibenzopyrylium salt. The residue obtained after

aﬁ'orded mostly 1v and callosumidin'*® (1b), respectively. The structure of 1v was established mainly from its
'H NMR spectrum showing, besides the usual signals, a signal at § 3.52 for an aliphatic methoxyl group. The
conversions of the polar compound to 1b and 1v on treatment with EtOH and MeOH were also achieved
during TLC of the above residue run in 5% ethanolic and methanolic CHCI;, respectively. The same
conversions were also made by preparative TLC of the above residue and taking out the silica gel from the
base line area of the chromatograms, followed by warming the above silica gel with EtOH and MeOH.
Although the polar compound could not be isolated, its mode of formation, the 'H NMR spectrum of the

nd its

eaction products with water, MeOH and EtOH provided strong evidence for the



the elimination of the stereochemically favourable axial lactol OH having an adjacent donor oxygen atom

(Scheme 1). The "'OH thus eliminated, during the formation of a, presumébiy reacts with its phenolic hydroxyl
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Scheme 1: Conversions of Into 1land 11to a, a', a"’, 1u, 1v and 1b and regeneration of 11 from a' and a''.
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reaction phase at the high temperature of the reactions (150-70°C) and mostly condenses on the upper walls of

the sealed tube. Addition of more water to the reaction mixture regenerated the thermodynamically more

¢ isomer 11 by nucleophilic att
phenolate ion. The possibility of the pblar compound having a phenolic aldehyde structure 6 seems unlikely in
view of the facts that (i) a compound of the structure 6 should not have such high polarity; (ii) the proton
resonance at & 8.02 of the

formation of 1b and 1v by the reaction
tained with CHCl:-Me,CO was shown to have the structure lu

mamly from its H NMR SpBCtl”al data and was assumed to be formed Dy the nuueopnmc attack oy the enol

form of acetone on a' or a"'. The formation of a, a', a" and 1u (Scheme 1) thus facilitates the shift of the
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impinge on each other appearing well within their van der Waals radii that flipping of 11 and 1a involves an
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Scheme 2 : Conversion of 1n to 11and the formation of 1b, Isand 1t fromboth 1n and 1L

treated with 1(M) aq. NaOH solution, both gave the same intermediate aldehydic phenoxide ion 1r by opening
of the lactol ring. Recyclization of 1r afforded the thermodynamically more stable isomer 11 (the di form of 11’
and 11'"). In this reaction, only isoagrostophyllol is converted to agrostophyllol, the latter apparently remaining
unchanged. Similarly, both agrostophyllol and isoagrostophyllol, when treated separately with Me>SO4/NaOH
gave a mixture of the aldehyde 1s and the racemic mixture of the thermodynamically more stable lactol methyl
ether derivative 1t (dl form of 1t' and 1t") having ax-OMe, which were presumably formed by the same
intermediate 1r. The structures of 1s and 1t were established from their '"H NMR spectral data. Again,
treatment of agrostophyllol and isoagrostophyllol separately with BF,.Et,O/EtOH or 1(M) aq. H,SO/EtOH
gave only the thermodynamically more stable axial lactol ethyl ether derivative callosumidin'® (1b) [the dl
form of 1b' and 1b"']. The formation of 1b from 11 or In in the above reactions may be assumed to involve the

intermediacy of the oxonium ion a generated by the removal of the lactol OH followed by nucleophilic attack

o

y EtOH. Acetylation of 1b formed in the above reactions afforded callosumidin diacetate 1¢'** (the dl forms
f

st
[

¢' and

=]

c"
Agrostophyllol (11) and isoagrostophyllol (1n) may be assumed to be formed through the intermediacy

of the four possible hydroperoxy derivatives 1p', 1q', 1p" and 1q" obtained from the readily interconvertible

conformers 14' and 14" of imbricatin (1d) and r

............. AR/
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isomers becoming highly stable diastereomers due to unusual steric hindrance to conformational flipping.
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EXPERIMENTAL

M.P.s. are uncorrected. UV spectra were measured in aldehyde-free EtOH and IR spectra were run in
KBr discs. 'H NMR spectra were recorded in Bruker 300 MHz supercon instrument using TMS as the internal
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sranaara and LUL De SOIVCI’II unless otherwise stated. *C NMR were run ai 75 MHz in the same
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stem and the figures in the first bracket attached to m/z values represent
el (100-200 mesh) was used for column chromatography (CC), silica gel
(230-400 mesh) for Medlum Pressure Liquid Chromatography (MPLC) and silica gel G for TLC. All
analytical samples were routinely dried over P,O, in vacuo for 24 h and were tested for purity by TLC and

MS. Dry Na,SO, was used for drying organic solvents and petrol used had b.p. 60-80°C.
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Isolation of agrostophyliol (1) and isougrostophyllol (In), 1a, 1b, 1d, If, 1h, 1i, 2a..2b, 2c, 2d, 3a, 3b, 4, 5a

and 5b ﬁ'nm Aornclnnh\)//um callosum. Air-dried whole nlanf of A callosum (5 I{o\ was soaked in 10 L of

MeOH for 3 weeks. The methanolic extract was dramed out and concentrated under reduced pressure to ca
100 ml, diluted with water (500 ml) and the liberated solids were extracted with Et,0O. The Et,O layer was
extracted with 2M aq. NaOH solution. The aq. alkaline solution was acidified with concentrated HCI in the
cold and the liberated solids were extracted with Et,0, dried and the solvent removed. The residue was

cnromatograpnea L,ompounas ia, ib, id, ll, ih, ii, 2Za, ZD Zc, 2d, 3a JD 4, 5a, 5b and 4- hydroxy -3,5-
o 13
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ure 11 (0.5 g, 0.01%) as a
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dimethoxybenzoic acid were isolated following the meth
afforded a mixture of 11 and In. The mixture on repeated MPLC fin

pale yellow solid, m.p. 190°C (recrystallized from petrol-EtOAc) and 1n (0. 4 8%) as a whlte solid, m.p.
>300°C (recrystallized from petrol-EtOAc). 11 (Found : C, 67.01; H 4.83. C,,,HMO requires : C, 67.11; H,
4.93%). [a]p®* 0 (¢ 1.1, MeOH); Amax nm : 223, 282 and 309 (log € 3.88, 3.70 and 3.59); Ama BOH0MNOR 1y -
224,298 and 318 (log € 3.82, 3.77 and 3.74); IR v yax (cm™') : 3380 (broad band; OH), 1610, 1450, 1350, 1300,

1000, 920, 850 (aromatic nucieus); MS : El m/z 286 (M-, 1), 270 (57), 269 (24), 255 (20), 237 (6), 225 (7),

152 (5), 139 (9) and 115 (5). 11 was acetylated with Ac,0 and pyridine in the usual manner to give 1m as a
white solid. m.n. 140°C (recrvstallized from petrol- PfﬂAr‘\ (Found : C, 64.76; H, 4.84, C. H O reguires : C

A SUAENL, R A Y oifeanats PYRaaTENS 4 Vi A1y TOT gl gy Iv{RIILD . o,

64.84; H, 4.90%). [(JﬂnZi 0 (c 0.95, MeOH); kmav nm : 219 276, 299 and 3]0 (log € 4. 47.4.10,4.05 and
4.03); IR v max (cm') : 3400 (OH), 1225 and 1760 (OAc), 1600, 1490, 1380, 1210, 1150, 1030, 910 and 750
(aromatic nucleus); MS : EI m/z 370 [M", 16], 354 (18), 353 (25). 328 (30), 312 (35), 286 (47). 284 (22), 270
(100), 268 (47), 254 (37), 253 (20), 237 (15), 225 (19), 197 (14), 165 (15), 152 (18), 139 (14), 115 (13). 86

27, 84 (49), 49 (85) and 43 (44). in (Found : C, 67.06; H, 4.81. C _H O, requires : C, 67.11; H, 4.93%).
(~1.250 7419 NManLI AN 999 and 101 lao 2 A0 A 10 and A OLY 2 FIOI0 IMNOH i - 218, 256
[&Ip VIC 1. Z, mcun), I\.ma\ i | 24V, <04 @il U DR & 4.0V, 4.17 alld 4.U0), A pax nm: 218, Y0

\ C:..
(¥8 )

and 313 (log £ 4.35, 423 and 4. IQ\ IR v ..

and 313 (log ¢ 1.23 and D IR W ey (em') 1 3380 (broad band,
and 930 (aromatic nucleus). In was acetylated with Ac,O and pyridine in the usual manner to give lo

white solid, m.p. 215°C (recrystallized from petrol- FtOAc) (Found : C, 64.77; H, 4.81. C, H O, requires; C,
64.84; H, 4.90%). [a]p™ 0 (¢ 0.89, MeOH); A max nm : 218, 273 and 308 (log € 3.84, 3.52 and 3.43); IR V max
(cm') : 3440 (OH), 1220 and 1770 (OAc), 1605, 1490, 1450, 1370, 1210, 1140, 1005 and 920 (aromatic

nucleus); MS : EI m/z 370 [M', 6], 354 (21), 353 (100), 328 (6), 324 (9), 312 (11), 311 (24), 286 (8). 282 (15),
270 (24), 269 (21), 268 (16), 254 (22), 241 (15), 240 (10), 225 (9), 198 (5) and 43 (38).

H), 1625, 1450, 1300. 1150, 1000
as a

Reduction of 1l and In with NaBH, . To solutions of 0.05 g (0.175 mmol) of each of 1l and 1n in 10 ml of
MeOH were added separately 0.02 g (0.529 mmol) of NaBH, with stirring. The mixtures were heated under
reflux on boiling water bath for | h. MeOH was removed under reduced pressure and the residues were
acidified with 2 M HCI in the cold and extracted separately with Et,0, washed with water. dried and the
solvent removed to gwe 1d,* crystallized from petrol-EtOAc, m.p. 144°C (ht % m. p. 145°C) in both the cases
om 1i and 0.045 g, 95% from 1n), identified by direct comparison {(m.m.p. and
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Thermal conversion of In to 1l and a'/a’’ and the reaction of a’/a’ with H:0, MeOH and EtOH. Four sets of
solutions of 1n (each 0.03 g, 0.105 mmol) at 140-45°C in EtOAc (each 5 ml) were separately heated in sealed



P. L. Majumder et al. / Tetrahedron 55 (1999) 6691-6702 67

tubes, one at 150-55°C for 1 h, the second at the same temperature for a further period of 5 h, the third at 150-
55°C for 2 h (after heating for 6 h at 140-45°C) and the fourth at 165-70°C for 2 h (after heating first at 140-
45°C for 6 h and then at 150-55°C for 2 h) and the residues A, B, C and D obtained after evaporation of
solvent in the four sets of experiments, respectively, were examined by TLC and 'H NMR (in dg-acetone). The
ratios of the compounds in the residues A, B, C and D were obtained from the integrated intensities of the

3 . o at (.27 The LT enantrn f tha ool
signals for the protons of their methoxy! groups at C-3. The 'H NMR spectra of the residues C and D (in d¢-
L
a'/a

acetone) showed, besides the usual signals for 11 and 1n, additional signals for a'/a" : § 2.97 (4H, s; H,-9, H>-
10}, 3.85 (3H, s; Ar-O_I\@), 6.79 (IH, ill-resolved m-coupled doublet; H-8), 6.81 ( IH, lll-resolved m-couplcd
doublet; H-6), 6.98 (1H, s; H-1), 7.34 and 7.60 (each br. signal; Ar-OH) and 8.02 (1H, s; Ar-O'=CH-Ar).
Residue C and 1/3 of the residue D were separately treated with water (5 drops) and the resulting
mixtures warmed and shaken for 5 min, extracted with EtOAc, dried and the solvent removed. The 'H NMR
specira of the products from the residues C and D (in dg-acetone) showed the presence of 1i and 1n in the ratio
of ca 7:3 and 19:1, respectively. The remaining part of the residue D was divided into two equal parts, which
were separately treated with dry MeOH and EtOH (each 1 ml) and warmed on water bath with shaking for 5
min. Excess MeOH and EtOH were removed and the residues were separately extracted with EtOAc, dried
and the solvent removed. The residues were separately chromatographed. The petrol-EtOAc (2:1) eluate in the
chromatography of the products obtained with MeOH gave, besides traces of 11 and 1n, 1v (0.009 g, 80%), as
white amorph. solid. 1v 'H NMR : 8 2.94 (4H, m; H,-9, H,-10), 3.52 (3H, s; Ar-O-CH (OMe)-Ar), 3.84 (3H,
s; Ar-OMe), 6.21 (1H, s; Ar-OCH (OMe)Ar), 6.45 (1H, ill-resolved m-coupled doublet; H-6), 6.50 (1H, ill-

._A.-Al rad s anaaemlad Aaaalllo 11 O £ 0N 711 . I IV "720) 2en A O N (oo 11 Ao MITY T Ll
I€S01vVeQ mi- Loupicu Qoo Ct, i-o0), V.0V {1 O, 1171 ), /.07 dllld 0.V \Cdbll lﬂ, b, Al-Ur). 1nc Lnromdmgrdpny
of products obtained with EtOH gave in the petrol-EtOAc (2:1) eluate ""3 € (0.0095 g, 81%), besides traces of
11and 1n.

0.03 g of the residue D was subjected to preparative TLC on silica gel G using EtOAc as the solvent
system. The silica gel from the lower part of the chromatograms were collected and were divided into two
equal parts and separately heated with dry MeOH and EtOH for 5 min, filtered and the filtrates on removal of

ﬁn'\»\

excess MeOH and EtOH gave iv (0. 013 g, 77%) and ib (0.0135 g, 8U%).

Formation of 1u during the thermal treatment of In. A solution of 1n (0.01 g, 0.035 mmol) in CHCl3-Me,CO
(1:1) (2 ml) in a sealed tube was first heated at 140-45°C for 1 h and then for 2 h at 150-55°C and finally at
165-70°C for a further period of 2 h. The residue after removal of the solvent was chromatographed. The
petrol-EtOAc (5:1) eluate afforded 1u (0.008 g, 70%). '"H NMR of 1u: & 2.16 (3H, s; -CH,COMe), 2.44
(2H, AB q with fine splitting; -CH,-COMe), 2.82 (4H, m; H»-9 and H,-10), 3.86 (3H, s; ArOMe), 5.40 and
5.50 (each br.s ArOH) 5.99 (1H, dd, J,=10.4 Hz and Jz— H -0O-CH- CHzCOMe) 6.27 and 6.33 (each 1H,

[+3 e L TA [ e | + PR 2 T T N,
H-8) and 6.74 tumn with pclrm Eln Ac (3:1) gave a
whic a

0
OOO!g
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Reaction of Il and 1n with 1M NaOH solution. A solution of 0.05 g (0.175 mmol) of each of 11 and 1ln in 5
ml 1 M aq. NaOH solution was separately stirred for 2 h and then acidified with conc. HCI in the cold. The
residues were extracted separately with Et,0, washed with water, dried and the solvent removed. The residue
obtained from the reaction of in was found to be identical with ii (0.049¢g, 98%), while that obtained from the

ranatinm ~f 11 ne Fmrtnd A laa noad 11

feactioil O1 11 Was iouna lU L9 =1 uuuuaugcu 1i.

Reaction of 1l and In with Me SO, and NaOH. 0.05 g (0.175 mmol) of each of 1l and In was separately
treated with 15 ml 10% NaOH solution. The solutions were cooled to 10°C in ice-bath. 2 ml (21.1 mmol) of
Me,SO, were added dropwise with stirring to each of these solutions. The mixtures were then heated on a
boiling water bath for 2 h with stirring. The reaction mixtures were acidified with dil. H,SO, and extracted
wnth Et,0, washed with H,0, dried and the solvent removed. The residues were separately chromatographed to

[Epi, ) s ac 1a F 3 __ - and 14111 /NN Q/\ ~a
yeil ow bLIlll"bUHu mas v jul pd.l[ Ul ll dld 11 ] (V.U & 34 7o) A4S Wﬂllc

€ sand 1

(Found : C, 69.45; H, 5.99. C H, O, requires : C, 69.48; H, 6.14%). 'H NMR :
H. HH634(IHdJ"24Hz H8)629(1HdJ""4HZ H6)388 3.80,
77 (each 3H s: 4xArOMe) and 2.75 (4H, m; H,-9 and H,-10). 1t (Found : C, 69.47; H, 6.01.

9 and 3
H,,O, requires : C, 69.48; H, 6.14%). 'H NMR : 8 6.75 (1H, s; H-1), 6.45 (1H, d; J=2.4 Hz: H-8), 6.39 (1H,
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d; J=2.4 Hz; H-6), 6.15 (1H, s5; Ar-O-CH(OMe)-Ar), 3.82, 3.81 and 3.75 (each 3H, s; 3xArOMe), 3.52 (3H, s;
Ar-O-CH(OMe)-Ar) and 2.82 (4H, m; H,-9 and H,-10).

Reaction of 11 and In with EtOH in presence of BF Et,0 and IM aq. H,SO,. 0.02 g (0.07 mmol) of each of
11 and 1n were separately treated with 1 ml EtOH in presence of 4 drops of BF,. Et,0. The mixtures were
ctivrad at ranm tamnoeatiira far 1 b 4O wwng ramavad immdas sadisnad meacas .-n.u-l shhn eaoid.. PO |

SULICU atl TUULHT WHIPAI QUi IUD 1 1L LAUTTT wad Ieiiuveld Unaer reaucea plvaaulc ana uit ITsiguc was uxaica
with H. 0 extracted with Ft O, dried and the solvent removed. The residues were qppa_rggg!y rhrnmatnamnhprl
to give lb (0.018 g, 82% from 1l and 0.015 g, 68% from 1In). Again, 0.02 g (0.07 mmol) of each ofll and In
in 2 ml EtOH were separately treated with 5 drops of 1 M aq. H,SO,. The mixtures were stirred at room
temperature for 2 h. EtOH was removed under reduced pressure and the residue in each case was extracted
with Et,0, dried and the solvent removed. The residues were separately chromatographed to give 1b
(0.016 g, 73% from 1i and 0.014 g, 64% from In). '

(Thenmntngranhy Af tha manteal most ~AF 4 A
\_Auuuxaluslapu_y 1 tne neutra: part 01 A, Ca

0.0004%) and 4 (0.2 g, 0.004%).
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