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ABSTKACT —A new 7-oxo-quinonemethide dinortriterpenoid. salaciquinone {1}, and a
known quinonemethide dinortricerpenmd. isoiguesterin [3), were isolated frof the root bark of
Saiacn: vevculzt: var B-drandrz (Celasiraceae) The strucrure elucidation of salaciquinone was
based on detailed 2D and nOe-difference nmr spectroscopy, leading to rhe complete assignment
of the ‘H- and ""C-nmr spectraand revision of sume "H-nmir spectral assignments made previously
for the related ~-oxo-quinonemethide nortnierpeno:d, dispermogannonc | 21 Complete "H- and
"'C-nmi spectral assiznments of ismguestenn were also made. also leading torevision of some C-
amr assignments previousiy made for thiy compound.

Jn our continuing interest in the triterpenoids of Celastraceae (2—4) and their nmr
spectral studies (5-7), we have carried out a complete 'H- and "C-nmr assignment of
salaciquinone {1]. a new 7-oxo-quinonemethide dinortriterpenoid encountered in the
outer root bark of Salacia rerwcidara Wight var. B-diandra. Although the related 7-oxo-
quinonemethide nortriterpenoid. dispermoguinone {2], has been reported previously.
only partial assignmenc of the 100 MHz 'H-nmr spectrum has been made (§)and. to our
knowledge. no "C-nms spectral data have been published. 'H-"H COSY. 'H-"C
HETCOR. HMBC (proton-detected long-range hereronuclear chemical shift correla-
tion spectroscopy)and nQe difference spectra, recorded at 400 MHz. enabled us to assign
completely the 'H-and "'C-nmr spectra of salaciquinone { 1] and to revise some '"H.amr
assignments made previously for the related 7-oxo-quinonemethide. dispermoquinone
[2](8). The isolation of 1 constituces the second report of the natural occurrence of a 7-
oxo-guinonemethide. Also isolated was 1soiguesterin [3]. which has previously been
reported from Salacrz madagascariensis (9, Detailed "H- and ""C-nmr analysis with the
aid of 2D techniques and comparison with the nmr data recently reported for prisuimerin
{4] led to the complete assignment of the 'H-nmir dara and the retision of some 'C-nmr
assignments previously made for 3. Previous studies on §. revicndgia have resulted in the
isolation of gurta-percha {10). sitosterol (10), pristimenin (10). ni:{ngiferin (113, 21a.26-
dihydroxy-D:A-friedo-oleanan-3-one fgpi-kokoondiol) (12) and 3-hvdroxy-2-ox0-29-
nor-DLA-friedo-olcana-361).20030)-dien-<-al (salacenonal) (13) from the root bark. and
iguesterin. pristimerin and epi-kokoondiol from che scem bark (149).

RESULTS AND DISCUSSION '

Chromatographic fractionarion of the hot hexane excract of the outer root bark of §,
vezicnlaiavar. B-drandrs afforded salaciquinone [13. isoiguesterin { 31 and B-amvrin, The
molecular formulu of salaciqyinone was determined 1o be C,.H_ O, by hrms. The 1]
degrees of unsaruration consisted of six multiple bonds | 'C-nmr peaks or two C=0 {5

|
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200.7 (s), 181.2(s)} and four C=C 5 162.2 (s), 148.8 (s), 146.6(s), 140.9(s), 1 31.8(d).
119.7 {d), 117.2(s), 107.8 (1)]}: consequently five rings were present. The uv spectrum
of salaciquinone suggested the presence of a chromophore different from pristimerin [4]
(15)" but similar to that reported for dispermoquinone {2} ( 8) ’I'he ir spectrum showed
absorpnon bands characteristic for H-bonded OH (3420 ecm™). qumonoxd CO (16
cm ') and H-bonded quinonoid CO (1626 cm™') groups. Based on 'H-'H COSY. 'H-

"C HETCOR, HMBC and nOe d:fference nmr experiments, the structure 1 was
established forsalac:qumone The 'H-and "’C-nmr spectral assignments forsalaciquinone
are summarized in Table 1.

"In contrast to pristimerin-type quinonemethides (5), and phenolic nortriterpenoids
(6). salaciquinone had two doublets at 8 6.36and 6.39 ppm (J=1.5 Hz) in the low-field
region of its' H-nmr spectrum. These signals were due to the protons of the quinonemethide
system and were assigned to H-1 and H-0, respectively with the aid of the HMBC
spectrum (sec below). The two broad singlets at & 4.61 and 4.60 ppm suggested the
presence of an exomethylene group in ring E (see belm\) as 1n isoiguesterin {3] (9).
Further evidence for this structural moiety came from the '*C-nmr spectrum, which had
signals at ® 107.8 (1) and 148.8 (s) ppm. The high-field region of the 'H-nmr spectrum
consisted of five methyl singlets ar & 2.10, 1.30, 1.29, 1.14, and 1.00 ppm in addition
to a complex partern at & 1.00-2.40 ppm due to methyvlene and methine protons. The
3H singlet at & 2.10 ppm was assigned to the C-4-Me on the quinonemethide system
(5). All the remaining signals. including the signals due to a- and B-protons in the ring
svstern., were analvzed with the help of the 'H-"H COSY spectrum (which displayed all
the correlation peaks correspondirk to geminal, vicinal and long-range couplings) and
by comparison with the data reported by us for prisumerin {4] (5). The coupling
constant(s) for each proton was obtained from the 1 D-spectrum and by careful analysis

“The strucrure proposed for prossimerin in this reference was later corrected to {4] (16).
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TasLE 1. 'H-."C- and Two-Dimensional Nms Speceral Data for Salaciquinone {1 °

Piaaion 'H oy ‘H-"H €OSY HMBC c
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of the fine strucrures of the correlation peaks in the 'H-'H €OSY spectrum. ‘[,
diagnostic correlations observed are summarized in Table |,
The HMBC spectrum of salaciquinone along with the derailed analysis-of the '}
"H COSsY spectrum indicated a partial scructure A (Figure 1) where the exome thylee,
group was present in ring E of the tricerpenoid skeleton. The placemerit of 44,
exomethylene group at C-20 was furcher supported by biegenetic argumin,
quinoncmethide triterpenoids isolared thus far contain at least one carlum Tesi
artached 10 C-20 (see 2 and 3).

(.

Figuke 1. Parsial Serucrure for Ring E of Ssleciquinane {17,
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The 2D nmr experiments (HETCOR and HMBC) along with the chemical shift
arguments and signal multiplicities were useful in the assignments of the ''C-nmr
spectrum of salac;qumone (Table 1). The protonated carbons in rings C, D, and E were
assigned with che aid of "H-""C correlations in the HETCOR spectrum whereas the
quaternary carbons in these rings were assigned with the help of the HMBC spectrum.
The dxagnosrnc HMBC correlations observed are summarized in Table 1.

Both 'H- and "C-nmr assignments in the 3-hydroxy-2,7-dioxo-3,5,10(1)-triene
substructure (A and B rings) were aided by careful HMBC correlations, which are
represented in Figure 2. Only some important correlations are discussed here. In the
HMBC spectrum of salaciquinone, the 3-OH proton (8 6.94 ppm, exchangeable with
D,0) shows correlations with C-2 (8 181.2 ppm), C-3 (8 146.6 ppm)and C-4 (8 117.2
ppm). The presence of a cross-peak berween C-3 and the 'H-nmr signal at § 6.36 ppm
(/—1 2 Hz) suggests that the lacter signal should be assigned to H-1. As expected, the

"H-nmr signal at 3 6.36 shows a HMBC correlatien with C-5 (8 140.9 ppm). The 'H-
nmrdoubletar d 6.39 ppm (J=1.5 Hz) coupled to H-1 exhibuts correlation peaks with
C-4(3117.2 ppm)and C-10 (8 162.2 ppm). Therefore, this proton should be assigned
to H-6. Thus, unambiguous assignments of H-1 (8 6.36 ppm) and H-6 (8§ 6.39 ppm)
were possible suggesting that the assignments made by Martin (8) for these protons in
dispermoquinone {2} should be reversed. The 'H- and C-nmr signals due to the
methylene and methyl groups in rings C and D were also assigned in a similar manner
" by the application of 2D no® experiments. The relative dispositions of the methyl groups
with respect to some methylene protons were determined with the help of nOedifference
spectra, the resules of which are summarized in Figure 3.

The physical and spectral data of the second isolated pigment compared well with
those reporced (9) for isoi guesrerm (31 The previous report of i 1501£uesrerm contained
only partial assignments of the 'H- and “C-nmr spectra. Furcher, the ’C- -fmr assign-
ments were based purely on comparisons made with the '"C-nmr specrral data obtained
for celastrol {5] and the literature data for pristimerin {4}. Assome 'C-nmrassignments
for 4 have smce been revised. 1t was chought desirable to carry our complete analysss of
the 'H- ancl "C-nmr specrra of isoiguesterin [3] with the aid of 2D experiments.

The 'H-nmr spectrum of isoiguesterin [3) showed signals due to an,;OH at § 7.01
ppm (br s, exchangeable with D,O. OH-3), five olefinic protons at & 7.01:(4d. J=7.1
Hz, H-6), 6.53(d, /=1 Hz, H-1),6.33(d,]=7 Hz. H-7). 4.59 (br s, H-2Y), and 4.58
(br s, H-29), and five methyl groups at & 2.21 (s, H;-23), 1.47 (s, H,- 5} 1.29 (s. H;-
26). 1.16 (s, H,-28), and 0.70 (s. H,-27). These mgnals were readily assigned baged on
their chemical shift values and/or couleb constants. However, the’ rqimthaxw&.so-
nances in the region d 1.1-2.4 ppm required more rigorous analysis which-was done by
the application 0 COSY and HETCOR experiments. These assignments medeplcted in
Table 2. The carban chemical shifts of isoiguesterin {31, except for the quaternury

FioURT 2. Selected HMRC Correlations of FicURE 3. Conformarion of Salatiquinone {1}
Salaciquinone (1] and Main Observed nQe s .
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TaBLE 2. 'H- and "‘C-Nmr Data for Isoiguesterin [3).’

Position ‘Wb *c Position 'H" e
6.53d()) 119.6¢d) || “Téa ....... 1.43 ddd (13.5. 5. 2 36.0 (1)
i S — 178.3 (s) 168 ....... 1.87t3(13.5. %)

3 — 146.0 (s) ) SN _— 31.6(s)
4 .0 — 117.3%s) || 18 ......... 1.59" ¢ (4) 449 (d)
I, — 1274 ¢s) || 19a....... 241" d (4) 30.4° (1)
6 i 701dd(7,1) 133.9 (d) 198 .......

T . 6.33d(7) niowW il 20 ... ... — 147.9" ()
B ... «viu.. - 1701 (s) || 21a . 2.19ddd (13.5, 5., 2) 305" (1)
1 2, — 42.9 (s) 21 . 2.35'br1d (13.5, 6)

) {1 S — 165.0'(s) || 222, ...... 2.02%:d (13.5, 5} 36.9 ()
Ma oooen.. .. 1.97°td (13.5, 6) 339w || 228 ....... 1.14 br dd(13.5, 5.5)

1§ SR 2.20 ddd (13.5, 5, 2) 23 ... .. 2.21s 10.2 ()
12 1.84 ddd (13.5, 6, 2) 29.7 (1) r SR 1.47 s 38.9 (g
128 ... ...... 1.74°td (13.5, 6) 26 ........ 1.29's 21.3.(q)
) — 41.3:(s) 27 e 0.70's 19.7 (q)
M4 ... — 44.8 (s) 28 ........ 1.16 s 31.1(q)
15 .. eeen. .. 1.74'td (13.5, 5) 284y || 30 ........ 4.58, 4.59" cach br s 108.2 (1)
157 S 1.52ddd (13.5, 5. 2) 3.0H...... 7.01 brs

*Spectra were recorded in CDCl,ar 399.78 MHz{'H nmr) and 100.54 MHz (**C nmr); chemical shifts are reported
in ppm relative to TMS.

1gures 1n parenthesgs are coupling constanes in He.

"Muluiplicicy of carbon signals (in parentheses) were determined by the DEPT method.
“*Long-range coupling was observed with H-25, H-27, H-26, and H-28, respectively, in the 'H-'H COSY.
™Long-range coupling was observed berween each other in the 'H-'H COSY.
*Previous assignments by Sneden (9) were revised.

carbons, were unambiguously assigned by the HETCOR experiment; quaternary
carbons were assigned by comparison with our data (5) for pristimerin [4]. The resulting
PC-nmr assignments for isoiguesterin {3} are presented in Table 2. Our darasuggest that
the assignments made by Sneden (9) for C-3, C -4, C-5, C-8, C-10,C-11, C*15. C-16.
C-19, and C-21 of isoiguesterin {3} need revision.

The biosynthetic origin of salaciquinone {1] may be of some interest. The co-
occurrence of 7-oxo-quinonemethides with quinonemechides in some Celastraceae and
Hippocrateaceae species prompts us te suggest their biosyntheric interrelationship as
depicted in Scheme 1. As such, isoiguesterin {3) may be considered as the biosynthetic
precursor of salaciquinone {1].

o

HO

quinonemethides

"O-OH

)

hydroperoxidase

7-0x0-quinonemethides

e —

rearrangement

HO

N

OH

SCHEME ). Possible Biosynthetic Relationship Berween Quinonemethides and ?-Oxo-guinonemethides
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EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—Mps were determined on a Kofler hot stage and are uncor-
rected. Tlc involved Si gel 60 GF; visualization was by uv (254 nm) and by spraying with acidified
amsaldehyde followed by charring with hear. Flash chromatography involved Si gel of mesh 230400
ASTM. Plc used 0.25 mm layers of S gel GF,,,. Oprical rotations were measured 1n CHC!, solution ac 27°
with a Perkin-Eimer 241 polarimeter. Uv spectra were recorded for EtOH with a Shimadzu UV 160

spectrometer and ir spectra with a Shimadzu IR 408 speccrometer. The ms were recorded on a JEOL JMS-
D 300 mass spectrometer with a direct inlet system.

NMR MEASUREMENTS.—Unless otherwise stated, instrumencation and conditions used for amr
measurements and processing were the same as those described previously (5). The nmr spectra were recorded
as ca. 1057 solucions tn CDC, at ambient temperature. NOe difference spectra were obtained wich JEOL
standard pulse sequence with 5 sec itradiation. HMBC spectra were measured using a pulse sequence (JEOL
VHMBC sequence, Jo,,= 140 Hz, long-range J,=8.3 Hz) reported by Bax and Summers (17). The free-
induction decays were acquired over 2048 dara points and 2500 Hz for each of 128 values of evolurion time.

The raw data were zero-filled from 128 to 256 W in the second dimension (F,) before double Fourier
transformation,

PLANT MATERIAL—Roots of §. rétucwlata var. B-diandra were collected at the Sinharaja Forest in Sry

Lanka by Prof. S. Balasubramaniam of the Department of Botany, Unsversity of Peradeniya, Sri Lanka, where
a voucher specimen has been deposited.

EXTRACTION AND ISOLATION.—Dried and powdered root bark (375.0 g)of S. reticalara vas. B-diandra
was sequentially extracteddwith hot hexane and C,H,. Evaporation of the hexane extract afforded a red solid
(35.0 g). A poruon (25.0 g) of chis extract was subjected to flash chromatography over Si gel with solvent
gradients ranging from hexane to hexane concaining increasing amounts of EtOAc. A total of 75 fractions
were ¢ollected and combined based on their tlc patterns The combined fraction 6-7 (0.7 g) was further
tractionated by flash chromarography with solvenr gradients of C,H, EtOAc o obrain a mixrure of two
compounds which were separated by prep. tlc (5% EtOAc 1n C H, ) vielding salaciquinone {1} (10 mg) and
B-amynin (122 mg). B-Amyrin, mp 193-195% {a}b +86° (=0 5 {lit.({8) mp 197200 {a}D ~ 8S°} was
wdentshed by companson with an authentic sample (mmp, co-tle, and co-ir). On standing the combined
fractions 8-9 from the original flash chromatography precipitated an orange solid (2.3 g), which was further
purified by repeated prep. tlc (20% Me,CO in hexane) to afford isoiguesterin {3] (52 mg). The remaining
culumn fractions contamned complex mixtures of compounds, and further separation of these Is currently
being attempted

SALACIQUINONE [11.—Orange crystals, mp 252-254° (CH,Cl,-MeOH); [a]D —130° (¢=1.0): uv A
max (EtOH) 246 (log € 3.50), 321 (3.92), 328 (3.88), 409 (3.50) nm: s v max (CHCI) 3420, 1672, 1654,
1626. 1461, 1453, 1423.1301.1251,1196cm™ "; 'Hand ' 'C nmr see Table 1: hreims. 'z {M]~ 420.2655
tcaled for C,.H, O, 420.2664) (43). 286.1583 (calcd for C ,H..O,, 286 1569) (20), 251.1069 \.aicd for
C,.H..O., 231.1021) (18}, 216.0932 (calcd for C,.H .O.. 218.0043; (28). 216.0765 tcalcd for C,.H,.0, ¢
216 0786 (100, ’

1501GUESTERIN [3) —Orange plates. mp 198-200°(CH .Ci,) (lit.(9) 203-205°); {aJD — 1(20°tr=0. 1)
uvand irspectral dataidencical with those reported (9); 'Hand “C nmr see Table 2; eims m/2 (M)~ 404(100),
389 (11). 293 (21}, 241 (67). 202 (62), 201 (69), 200 (30), 187 (19), 147 (17), 107 (24), 95 (21).
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