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The isolation of resveratrol and a new dibenzoxepin derivative, pacharin, from
the heartwood of Bauhinia racemosa Lamk is reported. The structure of pacharin has
been established as 1,7-dihydroxy-3-methoxy~2-methyl-dibenzo(2,3-6,7) oxepin (Va)
by a study of its chemical and spectroscopic properties, including X-ray analysis.

Baubinia racemosa Lamk. (ver. Telugu, Pachare) is a small decicuocus treel

belonginc teo the sub-family Caesalpinaceae in Leqguminosae anc¢ found in tropical
parts of the world. The decoction of its leaves has been used in the treatrment of
heacdache and malaria, and its bark as an astrincent for ciarrhoca and dysentry in

Indian medicine?. The isolation of B -amyrin anc B-sitosterol was reported from

its sten bark3. The examination of five other PBauhinia gpecies, ﬁ;gu;;nzga4,
Bareticulata®, D.variagata®, L.vahli?, and Dumalbarika’ has yieldec only free
flavonoids or their glycosides. The chemical exarmination of the heartwood cf
Baracemosa collected locally is reportecd herein.

Extraction of the powclered heartwood afforcec two crystalline compounds
designated as BRE~1 and BRE-2. TIRE-1l crystallised from dry acetone as pale yellow
needles, n.p. 248°, C14H1203 and was icdentifiec on the basis of its physical anc
spectral data as trans-resveratrol (I), previously isclatel from Arachis hygggﬂgas.
Its identity was further supported by a detailed analysis of the 1 n.mer. sgectra
of BRE-1 and its derivatives (Table 1).

BRE-2 crystallise¢ from tenzene-acetone as colourless needles, m.. 210°,
C16H1404 (:* 270.0885). It gave a blue colouration with ferric chloride and shecwed
a band at 3480 cm~Y in its i.r. spectrum indicatiny the presence of a hydroxyl
grouyi, but showed no band correcsponding to a carbonyl ¢roup. Its u.v. absorndtion
maxima at 220 nm (loge 4.11) and 310 nm (loge 4.25) underwent bathochromic shifts
of 75 nm and 30 nm respectively on adc¢ition of MaOMe but gave no shifts with MaOAc
or AlCl,, suggesting involvement of the phenolate ion in extended conjugation. It
accounted for one methoxyl in Zeisel's estimation and cave a diacetate, m.p. 170°,
CooH1g0¢ (M* 354.1103) and a cimethyl ether, m.p. 109°, Cyplyg04 (HF 298.1205)
indicating the presence of two pkenolic hydroxyls. The fourth oxygen coulc be in
the form of a cyclic ether.

4245



4246 A. S. R. ANJANEYULU ef al.

H OH
HO N

OH

OH HO

I m v

T
o
LI
Trx
[+]

bid
o

]
®

OR
V1

The lH n.n.r. spectrum of pacharin (Table 2) showed the presence of an
aromatic methyl grour at §2.02 in addition to an aromatic methcxyl grour at §3.71
and two exchanceable zhenclic protons at §9.45. The aromatic region between 6.29
and 7.12 ppr accounted for 6 protons, one of whicl aprearec as a singlet at 6 6.29,
while the rest formed a complex multiylet between €.6 and 7.2 p.p.m. In the
spectrum of the diacetate, the aromatic one proton singlet came at §6.48 suggesting
the absence of an acdjacent hydroxyl group. In the spectrum of the dimethyl ether
the one prcton cginglet came at §6.32 while the other five aromatic zrotons appearec
as a complex rnultiplet between 6.64 and 7.23 p.p.m. Examination of the 360 !Hz
spectra of the diacetate anc the Cimethyl ether allowed this five proton multiplet
to be analysed in terms of two separate systems of adjacent coupled protons, an ARC
system (II) ané an AB system (III).

The two coublets centred at 6.73 and 7.03 (J=11.5Hz) are assigned to the two
ortho couplecd »rotonc of III. Two of the protons in II appear as dcuble cCoublets
(J=8 and 1 Hz) at 6.64 and 6.94 while the third is seen as a triplet (J=8 Hz) at



A dibenzoxepin derivative from Bauhinia racemosa 4247

TABLE 1

]H N.M.R. spectral data of resveratrol and its derivatives

Resveratrol? Acetateb Methyletherb Assignment
6.15, 1H,t,J=2Hz 6.86, 1H,t,J=2Hz 6.40, 1H,t,J=2Hz 4-H
6.42, 2H,d,J=2Hz 7.04, 2H,d,J=2Hz 6.68, 2H,d,J=2Hz 2,6-H
6.79, 2H,d,J=8Hz 7.12, 24,d,J=8Hz 6.93, 2H,d,J=8Hz 3',5'-H
6.91, 2H,d,J=17Hz 7.15, 2H,d,J=13Hz 7.00, 24,d,J=17Hz a,a'-H
7.43, 2H,d,J=8Hz 7.52, 2H,d,J=8Hz 7.48, 2H,d,J=8Hz 2',6'-H
9.34, 3H,br., -OH 2.31, 9H,s, OAc 3.85, 9H,s, OMe
a .

Run in DMSO-d6
bRun in CDC]3
TABLE 2
]H N.M.R. spectral data of Pacharin and its derivatives
Pacharin? Acetateb Methyletherb Assignment
7.00, 1H,dd,J=8,2Hz 6.91, 1H,dd,J=8,1Hz 6.94, 1H,dd,J=8,1Hz 10-H
7.12, 1H,t,J=8Hz 7.25, 1H,t,J=8Hz 7.23, 1H,t,J=8Hz 9-H
6.64, 1H,dd,J=8,2Hz 6.86, 1H,dd,J=8,1Hz 6.64, 1H,dd,J=8,1Hz 8-H
6.65, 1H,d,J=11Hz 6.66, 1H,d,J=11.5Hz 6.73, 1H,d,J=11.5Hz 6-H
6.89, 1H,d,J=11Hz 6.72, 1H,d,Jd=11,5Hz 7.03, 1H,d,J=11.54z 5-H
6.29, 1H,s 6.48, 1H,s 6.39, 1H,s 4-H
3.71, 3H,s 3.77, 3H,s 3.99, 3H,s -0Me
3.82, 3H,s
3.77, 3H,s
47, 3H,s -0Ac
2.31, 3H,s
2.02, 3H,s 04, 3H,s 2.16, 3H,s -CH3
a
Run in DMSO-d

®Run in coC1,

7.23. The twc sets of protons woull be expected to belong to two separate aroratic
rings or unsaturated systems. A stilbene structure containing a cyclic ether
bridge was therefore considered. Thus, for examzle, the bLenzofuran structure (IV)
would satisfy many of the recuirec structural features but was rejectec on the
grounds that it wvas not wholly consistent with the 1y nemer. Spectrum.

An X-ray analysis was therefore undertaken vhich revealed the dibenzc(2,3~C,7)
oxepin structure (¥a). The % nemer. spectra of pacharin anc its derivatives (YL
and ¥c¢) are completely consistent with this structure. Thus, the nrotons at C-8,
C-9 anc C-10 in ring C constitute the three proton ARC syster while the rrotons at
C-5 and C-6 account for the ortho coupled AD system. The groton at C-24 corresponds
to the unccupled aromatic proton occuring as a singlet.

A study of the 13¢ n.m.r. spectra of paclkarin and its derivatives further
corrotoratec the propoced structure (Tal*le 3). The assignments of the 13¢ cher.ical
shifts for the respective carbons have been mace on the Lasis of available cdata for
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Iable 3

13¢ N.M.R. spectral data of Pacharin and its derivatives

Pacharin@ Methyl ether?P AcetateP Assignment
112,26 114.16 119.08 c-10
124.32 124.55 123.45 c-9
100.55 104.99 107.40 c-8
155.19 157.15 148.23 c-7
128.72 129,21 129.45 c-6
129.50 129.86 130.96 c-5
111.56 106.83 118.99 c-4
154.18 154.74 154.61 Cc-3
113.43 119.99 121.54 c-2
146.88 150.72 141.68 c-1
118.07 121.48 123.86 C-6a
127.90 129.34 128,34 C-4a
138,36 144.24 142.70 Cc-1la
158.86 159.48 158.67 C-10a

55.49 61.47 55.86 -OMe
55.84
55.76
8.55 9.10 9.50 -Me
20.80 -OAc
21.00
170.80
171.00
3Run in DMSO-dg PRun in CDC14
9,10

cinple oxepin cderivatives and the known effects of substituents on the chemical

shifts of aromatic systemsll.

Pacharin is thus a novel natural product belonging to the édibenzo(2,3~6,7)
oxepin series ancd having the structure 1,7-cihydroxy-3-methoxy-2-methyl-
citenzo(2,3-6,7) oxegin (Ya). Mo simple oxepin derivatives are known to occur in
nature. Three nev bilencyl derivatives having a dihydro-oxerin structure (YI) have
recently been isolated from Regdula Jazonica and R, ngignﬁislz. Several 4,5-
éihydro-cibenzo(2,3-6,7) oxezins ancd relatecd derivatives have, however, been
synthesised and reported to exhibit anti-inflammatory activity, although the
Cetails have been patentedl3.

The dibenzoxepin derivative may “e conceived to have been derived
biogenetically from the corresponding stilbene Cerivative by ring closure. It is
therefore sicnificant to note the occurrence of resveratrol in the same plant.

ZAIRIZIRILKELIIZL

1y and 13C n

Mm.r. Spectra were obtained on Varian HA100 and XL100 instruments
respectively. 360 !'Iz szectra were obtazined on the Edinburgh University high field

instrument. 1[ass spectra were obtained using an A.F.I. IS® gpectrometer.

The heartwood of Zaubinia racemosa Lank. collected fror Ananthagiri hills, was
driec anc jowdered. The powclered heartwood (2.5 ¥%3) was successfully extracted
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“

with hexane, ether and methanol in a rc,hlet apnaratus

The ether extract {5 1) was concentrated te 500 ml and left over night. lo
s0li¢ ceparated ocut. It woe further concentrated to 2 gummy residue (2.5 ¢} which
vas chromatograrhed on a column of silica el (100-200 mesh) eluting with hexane,
hexane-benzene nixtures and benzene, collecting 250 =l fractions. The hexane and
hexane-tenzene (9:1) fractions {(1-~25) &id not furnish any crystalline compounc.
The hexane-benzene (1:1) fractions (25-40) gave TRE~1 agc —ale red crystals m.p.
248° uhile the Lenzene fractions (40~60) furrnished BRE-2Z, m.p. 210°, methanol
extract furnished two crystalline compounds in very small quantities which could
not be studied. Identification of EBE-l: Regveratrol:

one-1 crystallised fron dry acetone as pale red crystels, mep. 2489
(resveratrolg, mepe 2489, It gave lizbt brown colour with ferric chloride and did
not respend to Shinoda's test. Found: C, 73.59; 1, 5.40, Cjy4Hy,03 recuires: C,
73.67: ¥, 5.35%. UV{Stoll max)nn {(loj): 221(4.11), 310 (4,25) and 325 (4.24). IR{XBr
man) cm'l: 3250, 1605, 1380, 920, 970 anc B810. Mass: m/z 228(11%, 100%), 227(18.5),
226(3.5) 213(4.4), 211(5.5), 210{4,2}, 199(5,5), 185(4.8), and 181(13.1).

ERE-1 Acekats:

RRE-1 (50 mg) on acetylation {syridine, 3 ml+ Rcy0, 2 ml) gave resveratrol
Giacetate, crystallised fror chloroform~methanol, m.p. 130% It did not give any
colour with FeCls. Found: €, 07.88; H, 5.2, CapH1580¢ reguires: C, 67.79; H,
5.128. IR(XPr mau) em~l: 1760 (0CoCH,), 1610, 1580, 970 and 710. I!ass: wm/z
354(R+, 19%), 31311, 312(57), 271(9), 27049}, 229(15), 228{(100), 227(12), 195(4}
and 181(12).

ERE-1 methyl ether:

BRE-1 (50 ng) cissolved in dry alcohol was treated with ethereal soluticnof
dizzomethane ané kept overnight at 0% to give the methylether as semi solid which
resisted cyrstallisation, It &id not give any colour with FeClj. Found: C, 75.46;
#, 6.79; Oile, 34.41, C14H9(0Pe)3 recuires: C, 75.53; ©, 6.71; Ole, 34.44%,
IR(KBr max) cm'lz 2835, 160%, 1585, 1510, 990, 970 and 810, 1Mass: n/z 270(h*,
100%), 269(9), 239(5), 224(5), 196(6), 195(4), 165(4}, 153(5}, 152(6), 135(11) and
115(5},

Identification of JBE=2: Pacharin:

BRE~2 crystallised from benzene-acetone as colcurless needles, m.p. 210°, Rf
0.15 {Cenzene). It gave blue colour with FeCly anc deep red colour with H,504.
Found: C, 71.10; B, 5,25, CygH1404 requiress C, 72.10; H, 5.22%, UV(MeoH max) nm
(logy: 31004.42), 220(4.10), UV{(MeOH + NaOBE max) nn {log): 34C{4.38), 295(4.12).
Ko shifts are observec on adding either NaOAc or AlCl3. ienuiol op=l, 3480, 3420,
2840, 16106, 1010, 860, 840 and 810. tlass: m/z 270{8%, 100%), 269(4.9), 255(8.5),
241(7.1), 228(4.8), 227(28.1), 212(4.0), 211(8.5), 210(4.8), 199(6.1), 198(4.0),
197(3.0), 184(6.07), 181(5.5), 171(4,1), 169(2.7), 153(4.4), 152(4,7), 141(2.7),
135(8.8), 128(4.7), 127(3.6) and 115{(8.3). Accurate mass measurements:

.+
270.0885(m7, Cy1gM1404), 227.0701 (Cy4H1103), 211.0?551C1481102). 135.0442(C83702)
and 115.0551(C9H7L

SRE-2 acetate: Pacharin diacetate:

BRE-2 (50 mg) on acetylation (pyridine, 3 ml + Ac,0, 3 ml gave pacharin
diacetate crystallised from chloroform-methanol mixture, m.p. 1700, Rg 0.7
{Benzene). Found: C, 67.88; ¥, 5.23. CopoH1g0¢g requires: ¢, 67.79; H, 5.12%.
IR(XBr max) cm~1: 1760, 1600, 1570, 1490, 102p, 920, 900 and 780. Nass: m/z
354*, 50%), 313(7Y, 312436), 271422), 270(100), 269(S), 241(7), 227{(13), 211(5)
and 11S5({€). Accurate mass neasurements: 354,1103 (nt, CooBy10g), 270.0892
(CygH 4040, 227.0708 (C14H1104), 211.0759 (Cy4H7105) and 115.0550 (CqHq),
3RE-2 Methylether: Pagharin dimethylether:

To a solution of BRE~2 (50 mg) in DNF (5 ml) methyliodide {1 ml1) and freshly
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precipitated silver oxide (1 3) were adéed in small pcrtions during a neriocd of 1
hr. and shaken at room temperature for 24 hr. anc the reaction was completed, The
reaction mixture was poured intc 15 ml of water anc extractec with chlorcform. The
chloroform layer was washed with dilute XCH to remove traces of silver iodice,
dried over anhydrous G804 anc evaporatec to dryness wvhich cave single ~rocuct
crystallised from benzene as pale red rrisms, m.z. 109°. Found: C, 72.41; H, 5.94;
Ofte, 31.25. C)5MoO0(OMe)3 requires: C, 72.47; H, 6.08; Ofie, 31.20. IR,,, cm™l:
2835, 1610, 1460, 1229, 128C, 1120, S$1C ancd 740. lass: m/z 298(nY, 1003), 255(1%),
240(8), 239(5), 224(5), 223(€) and 148(12). RNccurate mass measurements: 208,1205
(¥, CygH)g04)s 255.1016 (CygH)503) anc 149.0600 (CoHeO,). Crystal data: (From
single crystal photographs and diffractometry) CuKa, = 1.540568); C16%1404r
F.7.=270.29, monoclinic, P 2/n, a=17.170 (1), £=4.9154(7), c=15.514(1) R,
$=98.085(3), Vv=1296.3a3, 3z=4, Dc=1.38q cr~3, w= 0.78 ar-l. Intensity data,
structure determination and refinement: The specimen used was a fragment_;f

Table 4: Fractional Positional Coordinates and Biso for
atoms. E.S.d.'s are given in parentheses.

Atom X Y 4 Biso
c(1) 0.86320(12) ~0.2105(4) 0.52823(13) 2.85(9)
c(2) 0.78382(12) ~0.2791(4) 0.51270(13) 2.85(10)
C(3) 0.73370(12) ~0.1390(5) 0.56087(13) 2,93(11)
C(4) 0.76034(12) 0.0592(5) 0.62039(13) 3.07(11)
C(4a) 0.84031(12) 0.1302(4) 0.63449(13) 2,80(10)
C(5) 0.86794(13) 0.3501(5) 0.69534(13) 3.17(10)
c(6) 0.93983(13) 0.3726(5) 0.74068(14) 3.26(10)
C(6a) 1.00494(12) 0.1827 (4) 0.74193(13) 2.89(9)
C(7) 1.06038(12) 0.1552(5) 0.81714(13) 3.22(11)
Cc(8) 1.12240(14) ~0.0253(6) 0.82020(15) 4.12(13)
c(9) 1.13086(14) ~0.1819(6) 0.74858(18) 4,41(13)
c(10) 1.07800(14) ~0.1593 (5} 0.67290(16) 3.92(12)
C(10a) 1.01732(12) 0.0222(5) 0.67095(13) 2,91(10)
o(1ll) 0.96949(8) 0.0627(3) 0.59066(8) 3.18(8)
C{(1lla) 0.89067(11) ~0.0086(4) 0.58726(12) 2,69(10)
0(12) 0.91330(9) -0.3480(3) 0.48250(10) 3.62(8)
c(13) 0.75575(13) -0.4899(5) 0.44572(14) 3.77(11)
0(14) 0.65501(8) -0.2150(4) 0.54307(10) 3.83(9)
C(15) 0.60076(14) -0.0811(7) 0.59107(18) 5.38(18)
0(16) 1.04936(10) 0.3131(4) 0.88711(10) 4.18(9)
‘H(4) 0.722(1) 0.153(4) 0.650(1) 2.4(4)
H(5) 0.824(1) 0.485(5) 0.707 (1) 3.4(%5)
H(6) 0.949(1) 0.533(5) 0.787(1) 4,2(5)
H(8) 1.162(1) -0.040(5) 0.877(2) 5.2(6)
H(9) 1.178(1) -0.328(6) 0.751(2) 5.9(7)
H(10) 1.082(1) -0.273(5) 0.623(2) 4.6(6)
R(12) 0.964(2) -0.233(7) 0.489(2) 9.5(10)
H(131) 0.789(2) -0.657(6) 0.453(2) 7.0(7)
H(132) 0.709(2) -0.537(7) 0.450(2) 8.6(9)
H(133) 0.761(2) -0.412(8) 0.386(2) 11.3(11)
H(151) 0.551(2) -0.202(5) 0.577(2) 6.6(7)
A(152) 0.620(2) -0.099(6) 0.658(2) 7.4(8)
H(153) 0.601(2) 0.144(7) 0.578(2) 9.0(9)
H(16) 1.091(2) 0.285(6) 0.931(2) 8.5(9)
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extreme dimensions 0.13 and 0.33 mm. The unit cell constants were obtained by
least-sguares analysis of the diffractometer settings of 37 well centred
reflections with 1029<2f < 128°, The relative intensities of the independent
reflections with 26<130° vere measured with a Picker four-circle diffractometer
using tli-filtered CuKq radiation. The §-20 Scan method was used, and individual
reflection profiles were analysecd as described by Graent and Gabe (197814, The
stancdard deviations of the measured intensities were evaluated from counting
stastics, and only those for which I > 30 (I) were used in the analysis,

These
nur.bered 1650, of a possible 2213,

Ho absorption corrections were applied.

Table 5: Bond lengths (R) and bond angles involving
Non hydrogen atoms. E.S.d.'s in bond lengths is
.0038% and that in bond angles =~ .2°.

Cc(l) - C(2) 1.392 C(l) - Cc(2) - C(13) 120.0
c(1l) - 0(12) 1.365 C(3) - C(2) - C(13) 123.3
Cc(1l) - C(lla) 1.387 c(2) - C(3) - C(4) 122.4
Cc(2) - C( 1.398 C(2) - C(3) - 0(14) 114.5
c(2) - C(13) 1.498 C(4) -~ C(3) - 0(14) 123.0
c(3) - c4) 1.376 C(3) - C(4) - C(4a) 120.4
C(3) - 0(14) 1.392 C(4) - C(4a)- C(5) 120.2
Cc(4) - C(4a) 1.404 C(4) - C(4a)- C(lla) 117.6
C(4a)~- C(lla) 1.389 C(5) - C(4a)- C(1lla) 122.1
C(4a)- C(5) 1.469 C(4a)~- C(5) - C(6) 126.2
c(5) - C(6) 1.337 c(5) - Cc(6) - C(6a) 127.2
c(6) - C(é6a) 1.454 C(6) - C(6a)- C(10a) 123.7
C(6a) - C(l0a) 1.395 C(6) - C(6a)- C(T) 120.2
C(6al- C(7) 1.405 C(6a)- C(7) - C(8) 121.3
c(7) - Cc(18®) 1.382 C(6a)- C(7) - 0(16) 116.8
Cc(7) - 0(16) 1.369 c(8) - C(7y - 0(16) 121.9
c(8) - C(9) 1.376 c(7) - C(8) - C(9) 120.0
c(9) - C(10) 1.384 c(8) - c(9) - C(10) 120.6
C(10) - C(l0a) 1.369 C(9) - C(10)- C(10a) 118.5
0(14)- C(15) 1.432 C(10)- C(10a)-0(11) 117.4
C(10a)-0(1ll) 1.406 C(10) - C(10a)-C{6a) 123.4
0(11) - C(1lla) 1.392 C(6a)- C(10a)-0(11) 119.0

C(10a)-0(11)- C(1lla) 116.2
Cc(2)-C(1)-C(11) 121.4 C(1) - c(lla)-C(4a) 121.4
C(2)~-C(1)-0(12) 117.6 c(1) - C(1la)-0(1ll) 116.3
C(lla)-C(1)~-0(12) 121.0 C(4a)- C(lla)-0(11) 122.0
C(1)-C(2)-C(3) 116.7 C(3) - 0(14) -C(15) 117.2

Table 6: Selected torsion angles (°) with e.s.d.'s
in parentheses.

C(4a) - C(5) - C(6) - C(6a) - 2.1(4)
C(5) - C(6) - C(6a)- C(1l0a) 31.3(4)
C(6) - C(6a)- C(1l0a)-0(1l) 6.6(3)
C(6a) - C(10a)-0(11)- C(lla) -67.8(2)
C(10a)- 0(11)- C(1lla)-C(4a) 66.6(3)
0(11) - C(1lla)-C(4a)- C(5) - 3.9(3)
C(lla)- C(4a)- C(5) - C(6) -29.9(4)

0(11) - C(1lla)-C(1) - 0(12) 6.2(3)
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The structure was readily solved by direct methods (NULTAN; Germain, Main anad
Woolfson, 1971)15,  Refinement was by block-diagonal least-scuares, minimising ¥
-AFZ, where 1/W= g2(Fa) + 0.0005(1"012. The hydrogen atoms were determined from a
difference~fourier synthesis, ané includedé in the refinement. The paraneters
refined were atomic coordinates and temperature factors {anisotropic for C and 0).
Scale factor, and extinction coefficient (Lareson, 1970).16  The final R index (for
observed reflections only) was 0.038 (including unobserved, 0.056; Rw = 0.0575).

The computer program system has been described by Larson and Gabe (1978).17
The atomic scattering factors were taken from International Tables, Vol IV
(1974 .18
Discussion: The molecular skeleton is shown in Fig. 1. The oxepin ring has an
approximate C, symmetry, with the C, axis passing through the atom 0(11) anc
bisecting the C(6)-C(5) tond.
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